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Brain-derived neurotrophic factor is a novel target gene
of the hsa-miR-183/96/182 cluster in retinal pigment
epithelial cells following visible light exposure
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Abstract. Light-induced retinal injury is clinically and experi-
mentally well-documented. It may be categorized into three
types: Photothermal, photomechanical and photochemical
injuries. To date, the variation in the hsa-miR-183/96/182
cluster and its potential target genes in human primary retinal
pigment epithelial (RPE) cells, following visible light expo-
sure, has not been reported. In the present study, RPE cells
were exposed to 4 h of constant visible light. The expression
of the hsa-miR-183/96/182 cluster was determined using
reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) and its potential target genes were investigated.
Additionally, hsa-miR-183, hsa-miR-96, hsa-miR-182 and
has-miR-183/96/182 mimics were designed and synthesized
in vitro, and transfected into the RPE cells. Subsequently,
the expression of brain-derived neurotrophic factor (BDNF)
mRNA and protein was measured, using RT-qPCR and western
blotting, respectively. The regulation of miRNAs to the BDNF
gene were then validated using a dual luciferase reporter gene
assay system. The expression of hsa-miR-183, hsa-miR-96 and
hsa-miR-182 significantly increased in RPE cells following
4 h of visible light exposure, compared with RPE cells that
had been exposed to dark conditions (P<0.01). Following RPE
cell transfection with mimics, BDNF mRNA and protein
expression in the RPE cells was significantly downregulated
compared with control RPE cells (P<0.05,P<0.01, respectively).
Similarly, the ratio of Renilla luciferase/firefly luciferase
significantly decreased in the RPE cells of the mimic + wild
type (WT) group compared with cells of the psiCHECK™-2 (a
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vector lacking the sequence of the BDNF gene), wild type and
mimic + mutation groups (P<0.05, P<0.01). The present study
suggests that BDNF is a target gene of the has-miR-183-96-182
cluster in RPE cells. The present study suggests an underlying
protective mechanism against retinal light injury and may
provide a novel target for the prevention and treatment of
light-induced retinal injury.

Introduction

Retinal injury is one of most common eye diseases and is asso-
ciated with old age, light damage and trauma (1-3). When eyes
are directly and chronically exposed to sources of light (4-6),
such as the Sun and lasers, the retina may be irreversibly
damaged. Visible light (400-760 nm) may damage the retina
through photochemical injury (7-9), which is considered to be
the most common mechanism of light-induced retinal injury.
Photochemical injury is independent of either mechanical or
thermal retinal damage, and was first documented by Noell
et al in 1966 (10). The authors showed that the retinas of albino
rats were irreversibly damaged by continuous exposure to
ambient light within the range of the visible light spectrum.
Photochemical retinal-injury may be categorized into two
distinct classes (11). Class I injury is characterized by expo-
sure to low levels of white light irradiance (<1 mW/cm?) over
hours to weeks. Class II injury is characterized by exposure
to high levels of white light irradiance (>10 mW/cm?), with
an action spectrum at shorter wavelengths. Rattner et al (12)
found an increase in RNA transcripts coding for protec-
tive proteins, such as matrix metalloproteinase-3,
serine peptidase inhibitor, clade A, member 3N; Serpin bla;
and the oncostatin M receptor. Rattner ef al (12) also demon-
strated a decrease in the transcription of genes coding for
visual cycle components in neurosensory and retinal pigment
epithelial (RPE) cells in response to light, using microarray
RNA blotting and in situ hybridization (12).

MicroRNA (miRNA; ~22 nucleotides) is a type of small,
endogenous and non-coding regulatory RNA, which is
involved in the downregulation of target genes in a number
of organisms, such as microorganisms and mammals (13-16).
A study by Lee ef al (17), demonstrated that lin-4 and let-7
in Caenorhabditis elegans caused phenotypic functional
loss, and their mutation prevented them from developing
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into larval stage. Since then, numerous studies have identi-
fied miRNA in organisms, including Drosophila (18,19) and
mammals (20,21). miRNA binds to complementary sequences
in the 3'-untranslated region (UTR) of multiple target mRNAs,
usually inhibiting translation or causing destabilization (22,23).
Certain miRNAs, such as the hsa-miR-183/96/182 cluster
and hsa-miR-220, are able to silence retinal-specific genes,
which are predominantly expressed in the retina (24-26).
Xu et al (27) reported that in mouse embryonic retinas,
hsa-miR-183/96/182 expression is minimal, whereas its
expression increases markedly following birth and peaks in
adult retinas. hsa-miR-183/96/182 expression has a function in
the maturation and healthy functioning of the adult retina (27).
Krol et al (28) demonstrated that hsa-miR-183/96/182 exhibits
a response to light and rapid turnover as a common property
of neuronal microRNAs, which is independent of the circa-
dian cycle. Lumayag et al (29) showed that inactivation of the
hsa-miR-183/96/182 cluster results in changes in retinal gene
expression, postnatal functional differentiation and synaptic
connectivity of photoreceptors. A study by Liu et al's (25)
demonstrated that synthetic miRNA-mowers, targeting the
has-miR-183/96/182 cluster, are involved in bladder cancer
development. However, to the best of our knowledge, the influ-
ence of the hsa-miR-183/96/182 cluster on the downregulation
of brain-derived neurotrophic factor (BDNF) in the retina
has not been investigated. Therefore, the aim of the present
study was to investigate the expression of hsa-miR-183/96/182
cluster following light treatment and to further investigate its
regulation on the BDNF gene.

Materials and methods

Culturing human primary RPE cells and experimental
grouping. The human primary cultured RPE cells
(Beijing Research Biotechnology Co., Ltd. Beijing, China)
were resurrected and cultured in o modified Eagle's medium
(Thermo Fisher Scientific Co., Ltd., Waltham, MA, USA)
with 2 mM L-glutamine (Beijing Beifangtongzheng Co.,
Ltd., Beijing, China), 100 U/ml penicillin (Beijing
Beifangtongzheng Co., Ltd.), 100 mg/ml streptomycin (Beijing
Beifangtongzheng Co., Ltd.) and 10% fetal bovine serum
(Thermo Fisher Scientific Co., Ltd.). Following this, the RPE
cells were incubated at 37°C in 5% CO, for one week, and
randomly divided into two groups when cells were planked
with 80%. The RPE cells in the visible light exposure group
were exposed to visible light (400-760 nm) for 4 h, while the
RPE cells in the dark condition group were shaded with silver
paper for 4 h. Subsequently, cells were harvested in order to
separate total RNA for reverse transcription-quantitative
polymerase chain reaction (RT-qPCR). Experiments for each
group were repeated at least three times.

The potential target genes of the has-miR-183/96/182
cluster were identified using TargetScan software
(http://www.targetscan.org/) according to the manufacturer's
instructions.

Synthesis of hsa-miR-183-96-182 mimics and transfection
of the RPE cells. The hsa-miR-183, hsa-miR-96,
hsa-miR-182 and has-miR-183/96/182 mimics were
designed according to the sequence from the miRBase
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website (http://www.mirbase.org/). They were artificially
synthesized by Invitrogen Life Technologies (Carlsbad,
CA, USA). RPE cells were inoculated on a 12-well plate for
24 h prior to transfection, when planked with 80% and then
transfected into RPE cells with 1 pug of each vector using
lipofectamine 2000® transfection reagent (Invitrogen Life
Technologies), according to the manufacturer's instructions.
Following 24 h transfection, cells were harvested to separate
total RNA and total protein for subsequent experiments.
Experiments for each group were repeated at least three times.

RT-gPCR. Total RNA from the RPE cells was extracted using
a miRcute miRNA isolation kit (Tiangen Biotech, Beijing,
China) according to the manufacturer's instructions. The RPE
cells (1x10%/cm®) were harvested and disrupted by buffer MZ
at room temperature (RT) for 5 min. Chloroform (200 ul)
was added to the supernatant, followed by vigorous shaking
for 15 sec and incubation at RT for 5 min. Following this,
the cells were centrifuged at 12,000 x g at 4°C for 15 min.
The upper aqueous phase was transferred to a 2 ml collec-
tion tube, and 1.5X volumes of anhydrous ethanol (Beijing
Beifangtongzheng Co., Ltd.) was added followed by thorough
mixing. The sample (700 ul) was added into a miRelute
column and centrifuged at 12,000 x g at RT for 30 sec in
order to discard the flow-through. MRD buffer (500 pl) was
added to the miRelute column, incubated at RT for 2 min
and centrifuged at 12,000 x g at RT for 30 sec to discard the
flow-through. RW buffer (700 ul) was added to the miRelute
column, incubated at RT for 2 min and then centrifuged at
12,000 x g at RT for 30 sec in to wash the column and repeated
again. The miRelute column was placed into a new collection
tube and centrifuged at 12,000 x g at 4°C for 1 min in order
to dry the miRspin column. RNase-free ddH,O (30-100 ul;
Beijing Beifangtongzheng Co., Ltd.) was added directly onto
the miRspin column, incubated at RT for 2 min, and centri-
fuged at 12,000 x g at RT for 2 min in order to elute total RNA.

In order to conduct an RT-qPCR assay of the
hsa-miR-183/96/182 cluster in RPE cells, total RNA was
reverse-transcribed and analyzed using a SYBR® PrimeScript™
miRNA gPCR kit (Takara Bio, Inc., Shiga, Japan) according to
the manufacturer's instructions. The following primers were
used in order to amplify the hsa-miR-183, hsa-miR-96 and
hsa-miR-182inthe RPEcellsaftervisiblelightexposure: Forward:
5-ACACTCCAGCTGGGTATGGCACTGGTAGAA-3'
and reverse: 5'-CTCAACTGGTGTCGTGGAGTCG-
GCAATTCAGTTGAG AGUGAAUU-3' for hsa-miR-183,
forward:5-ACACTCCAGCTGGGTTTGGCACTAGCACATT-3'
and reverse: 5'-CTCAACTGGTGTCGTGGAGTCGGCA
ATTCAGTTGAGAGCAAAAA-3' for hsa-miR-9, forward:
5-ACACTCCAGCTGGGTTTGGCAATGGTAGAACT-3'
and reverse: 5'-CTCAACTGGTGTCGTGGAGTCGGCA
ATTCAGTTGAGAGUGUGAG-3' for hsa-miR-182, and
forward: 5'-CTCGCTTCGGCAGCACA-3" and reverse:
5-AACGCTTCACGAATTTGCGT-3' for U6.

In order to conduct an RT-qPCR assay of BDNF in RPE
cells, total RNA was reverse-transcribed using a total RNA kit IT
(Omega-Biotek, Norcross, GA, USA) according to the manufac-
turer's instructions. Amplification was conducted using SYBR®
Premix Ex Tag™ II system (Takara Bio,Inc.) using the following
primers: Forward: 5'-CTACGAGACCAAGTGCAATCC-3'
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and reverse: 5'-AATCGCCAGCCAATTCTCTTT-3' for
BDNF.

All PCR reactions consisted of a 20 ul solution of 10 pl
SYBR Green PCR Master Mix (Takara Bio, Inc., Shiga,
Japan), 2 ul forward primer, 2 ul reverse primer, 1 ul template
and 5 pl RNase-free water in a 0.2 ml EP tube, and used the
following PCR protocol: 95°C for 15 min, followed by 45
cycles of 94°C for 15 sec, 55°C for 30 sec and 70°C for 30 sec.
The relative quantification of miRNA was calculated using the
2-22CT method.

Western blot analysis. Protein concentration was measured
using the bicinchoninic acid protein assay reagent (Thermo
Fisher Scientific Inc., Waltham, MA, USA) and. Samples
(~35 pg) were separated using electrophoresis through 15%
polyacrylamide gels, and transferred to polyvinylidene
difluoride membranes (GE Healthcare, Cleveland, OH, USA)
according to the manufacturer's instructions. The membranes
were probed with mouse-derived anti-BDNF monoclonal
antibody (Beijing Zhongshan Golden Bridge Biotechnology,
Co., Ltd., Beijing, China) diluted to 1:1,000 in Tris-Buffered
Saline with Tween-20 (TBST; Sigma-Aldrich, St. Louis,
MO, USA) and mouse-derived anti-B-actin antibody diluted
to 1:1,000 in TBST (Beijing Zhongshan Golden Bridge,
Biotechnology, Co., Beijing China) for 1.5 h at RT, followed
by a horseradish peroxidase-conjugated goat anti-mouse
secondary antibody (1:5,000 in TBST; Beijing Zhongshan
Golden Bridge Biotechnology, Co., Ltd.) and incubated at RT
for 1 h. The immunolabeled bands were examined by expo-
sure to an X-ray film using the chemiluminescent substrate
luminal reagent (GE Healthcare). The optical density of the
band was scanned and quantified using the ImageJ software
version 1.46 (http:/www.originlab.com/).

Construction of psiCHECK™-2-BDNF (wild type) and
psiCHECK-2-BDNF (mutation). The BDNF mutant was
designed based on the putative miR-182 recognition site
(located at 252-258 bp) in the BDNF 3'-UTR, and mutated
using QuikChange Lightning Site-Directed Mutagenesis kit
(Stratagene, La Jolla, CA, USA) according to the manufac-
turer's instructions. The BDNF ¢cDNA encoding sequences,
including wild type and mutant, were amplified using PCR
of human genomic DNA, using the following primers:
5'-CTCGAGACATGTCCATGACCAGAAGGG-3' (under-
line indicates the Xho I restriction endonuclease site and
5'-GCGGCCGCTCACAATTAAAGCAGCATGCAA-3'
(underline indicates the Not I restriction endonuclease site.
Subsequently, the PCR products and psiCHECK-2 vector were
digested using restriction endonucleases Xho I (Takara Bio,
Inc.) and Not I (Takara Bio, Inc.), and conjugated using T, DNA
ligase (Takara Bio, Inc.), followed by direct sequencing by
Invitrogen Life Technologies.

Luciferase activity assay. In order to conduct a dual luciferase
(Renilla luciferase/firefly luciferase) reporter gene assay,
the 293T cells (Beijing Research Biotechnology Co., Ltd.)
were cultured with Dulbecco's modified Eagle's medium,
inoculated on a 12 well plate, and divided into four groups:
psiCHECK-2, BDNF (wild type); mimic + BDNF (wild type);
and mimic + BDNF (mutant). When the 293T cells were
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Table I. miRNA mimic sequences.

Mimic name Sequence (5'—3'")

miR-182 UUUGGCAAUGGUAGAACUCACACU
miR-183 UAUGGCACUGGUAGAAUUCACU
miR-96 UUUGGCACUAGCACAUUUUUGCU

miR-183/96/182 UUGGCAAAUGGCACUUGGCAC

Underline indicates seed sequences (miRNA nucleotides 2-8).
miRNA, microRNA.

planked with 80%, 1 pug of each device was then transfected
into 293T cells using Lipofectamine 2000 transfection reagent
according to the manufacturer's instructions. Following 48 h
transfection, the 293T cells were harvested and digested
with 0.25% trypsin (Takara Bio, Inc.). The 293T cells (75 ul;
5x10%/ml) were separated and equal volumes of luciferase
reagent was added to the cells for lysis at RT for 10 min,
following which the firefly luciferase activity was measured
Subsequently, 75 ul dual luciferase was added in order to fix
the reagent to the plate and lysed at RT for 10 min, and then the
Renilla luciferase activity was measured. The ratio of Renilla
luciferase/firefly luciferase was then calculated and a histo-
gram was produced using Origin 9.0 software (http:/www.
originlab.com/).

Statistical analysis. The data were analyzed by SPSS 21.0
(IBM SPSS, Armonk, NY, USA) using Student's t-test. P<0.05
was considered to indicate a statistically significant difference.

Results

Visible light exposure increased hsa-miR-183/96/182 cluster
expression in the RPE cells. hsa-miR-183, hsa-miR-96 and
hsa-miR-182 transcription increased significantly in the
RPE cells exposed to visible light compared with that in the
RPE cells exposed to dark conditions (Fig. 1A, P<0.01). The
potential target genes of the hsa-miR-183/96/182 cluster in
the RPE cells were predicted using TargetScan software and
the results suggested that BDNF is a novel target gene of the
hsa-miR-183/96/182 cluster in RPE cells (Fig. 1B).

hsa-miR-183/96/182 mimics downregulates the mRNA
and protein expression of BDNF in RPE cells. In order to
investigate the influence of the hsa-miR-183/96/182 cluster
on BDNF mRNA and protein expression in RPE cells,
mimic sequences of hsa-miR-183, hsa-miR-96, hsa-miR-182
and hsa-miR-183/96/182 were designed (Table I) The
mimics were then transfected into RPE cells. BDNF
mRNA expression was significantly downregulated in
cells transfected with hsa-miR-183/96/182 mimics when
compared with BDNF mRNA expression in the control
RPE cells, including mimics of hsa-miR-183, hsa-miR-96,
hsa-miR-182 (Fig. 2, P<0.01). Similarly, BDNF protein
expression was significantly downregulated in the RPE cells
transfected with hsa-miR-183/96/182 mimics, compared with
that in the control RPE cells (Fig. 3, P<0.05; P<0.01).
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Figure 1. Expression of hsa-miR-183/96/182 cluster following light exposure, and its target genes. (A) RT-qPCR assay of hsa-miR-183, hsa-miR-96 and hsa-miR-182
transcription using RT-qPCR. The expression of hsa-miR-183, hsa-miR-96 and hsa-miR-182 increased significantly in RPE cells following exposure to visible
light compared with the expression of the miRNAs in RPE cells exposed to dark conditions. “P<0.01. (B) Target gene of the hsa-miR-183/96/182 cluster. BDNF,
brain-derived neurotrophic factor; miR, microRNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; RPE, retinal pigment epithelial.

BDNFisanoveltargetgeneofthe hsa-miR-183/96/182 cluster.In
order to validate the targeting of the hsa-miR-183/96/182 cluster
to BDNF, a luciferase reporter vector was designed (Fig. 4A).
Following transfection of hsa-miR-183/96/182 mimics into
RPE cells, the ratio of Renilla luciferase/firefly luciferase was
found to be significantly lower in mimic + wild type RPE
cells, compared with the ratios in the psiCHECK-2, wild type
and mimic + mutant RPE cells (Fig. 4B, P<0.01). The ratio
of Renilla luciferase/firefly luciferase in the RPE cells of the
wild type, mimic+mutant and psiCHECK-2 RPE cells were
not significantly different (Fig. 4B).

Discussion

The present study demonstrated that photostimulation upregu-
lated theexpression of hsa-miR-183,hsa-miR-96 and hsa-miR-182
in RPE cells. Artificially synthesized hsa-miR-183/96/182
cluster mimics led to the downregulation of BDNF mRNA and
protein expression in RPE cells, and significantly decreased the
Renilla luciferase/firefly luciferase ratio in the RPE cells of the
mimic + wild type group. The results indicated that BDNF is a
novel target gene of the hsa-miR-183/96/182 cluster and BDNF
provides a novel target for the prevention and treatment of
light-induced retinal damage.

BDNF is an important member of the nerve growth
factor family (30,31). It targets certain neurons of the central
and peripheral nervous systems, and supports the survival of
existing neurons, thereby facilitating synapse growth and differ-
entiation (32-34). It is found in a number of tissues, including
the brain (35), retina (36,37), central nervous system (38,39)
and motor neurons (40-42). In the retina, BDNF controls the
development of certain amacrine cell subtypes (43-45) and
regulates morphological maturation of ganglion cells (46-48).
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Figure 2. BDNF mRNA expression level assay conducted using reverse
transcription-quantitative polymerase chain reaction in control RPE cells and
RPE cells transfected with hsa-miR-183/96/182 mimics. The BDNF expres-
sion level significantly decreased in RPE cells following transfection with
mimics, compared with control RPE cells. “P<0.01. BDNF, brain-derived
neurotrophic factor; miR, microRNA.

Ladewig et al (49) demonstrated that BDNF activates the
N-methyl-D-aspartate receptor to develop retinal ganglion
cells. Rothe et al (50) showed that BDNF exhibits specific ionic
channels that are necessary for repetitive firing in early retinal
ganglion cell development. Numerous studies have documented
that BDNF is involved in increasing the survival of photo-
receptors in RPE cells that have undergone inherited retinal
degeneration, light damage and experimental retinal detach-
ment (51,52). Therefore, BDNF may be useful for the treatment
and cure of light-induced retinal damage. However, to the best
of our knowledge, there have been no studies investigating the
regulation of BDNF by miRNAs, such as miR-183/96/182.
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blotting. (A) BDNF protein expression level assay using western blotting. (B) Histogram analysis of BDNF protein expression level. Transfection with
hsa-miR-183/96/182 mimics significantly decreased the expression of BDNF in RPE cells “P<0.01. BDNF, brain-derived neurotrophic factor; RPE, retinal
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The hsa-miR-183/96/182 cluster is a highly conserved,
intergenic sensory organ-specific and paralogous miRNA
cluster, and regulates an attractive candidate gene, as described
previously (26,53,54). The hsa-miR-183/96/182 cluster is
expressed in photoreceptor cells and in the inner nuclear
layer of the adult retina (24). The present study investigated
the hypothesis that the miR-183/96/182 cluster is involved in
BDNF gene regulation in the retina.

The expression of hsa-miR-183, hsa-miR-96 and
hsa-miR-182 was measured in RPE cells following exposure
to visible light or exposure to dark conditions. The results
indicated that hsa-miR-183, hsa-miR-96 and hsa-miR-182
expression in the RPE cells is upregulated following exposure
to visible light and downregulated following maintenance in
dark conditions. Subsequently, hsa-miR-183/96/182 cluster
mimics were synthesized in vitro and their regulatory effect
on BDNF expression was investigated. According to a
TargetScan software prediction, BDNF is a novel target of
hsa-miR-183/96/182 cluster mimics. Furthermore, when RPE
cells were transfected with hsa-miR-183/96/182 mimics, the
expression of BDNF mRNA and protein was downregulated.

In conclusion, the results of the present study show that
BDNF is a novel target of the hsa-miR-183/96/182 cluster in the
retina. hsa-miR-183/96/182 mimics exhibited potential protec-
tive mechanisms against light injury in RPE cells via the BDNF
gene. Therefore, the current study provides a novel approach
for the prevention and treatment of light-induced retinal injury.
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