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Retinal injury plays a leading role in the onset of visual impairment. Current forms of treatment are not able to ameliorate
scarring, cell death and tissue and axon regeneration. Recently, microRNA-216a (miR-216a) has been reported to regulate
snx5, a novel notch signalling pathway component during retinal development. This study aims to elucidate the role of
miR-216a in yttrium aluminium garnet (YAG) laser-induced retinal injury by targeting glial cell line-derived neurotrophic
factor (GDNF) via GDNF/GDNF family neurotrophic factor receptor a1 (GFRa1)/rearranged during transfection (RET)
signalling pathway. Wistar male rats were ﬁrst randomly assigned into control and model groups. Immunohistochemistry
was performed to detect the GDNF positive expression rate and terminal deoxynucleotidyl transferase-mediated dUTP nick
end labelling (TUNEL) staining for apoptotic index (AI) of retinal tissue. Retinal neurons were divided into normal, blank,
negative control (NC), miR-216a mimic, miR-216a inhibitor, siRNA-GDNF and miR-216a inhibitor?siRNA-GDNF
groups. Dual luciferase reporter assay was conducted in order to identify the targeting relationship between GDNF and
miR-216a. Reverse transcription quantitative polymerase chain reaction (RT-qPCR) and western blot were used for the
analysis of mRNA and protein levels of miR-216a and related genes. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay was used to determine cell proliferation and ﬂow cytometry was used to observe cell cycle and
apoptosis. Results show that the model group had an increased GDNF positive rate, AI of retinal tissue and mRNA and
protein levels of cellular oncogene fos (c-fos), vascular endothelial growth factor (VEGF), brain-derived neurotrophic factor
(BDNF), GDNF, GFRa1 and bcl-2-associated X protein (bax), declined miR-216a level and mRNA and protein levels of
RET and bcl-2 compared with the control group. GDNF was veriﬁed as the target gene for miR-216a. Compared with the
blank and NC groups, the miR-216a mimic and siRNA-GDNF groups had higher mRNA and protein levels of c-fos, VEGF
and bax, cell number in the G1 phase and increased cell apoptosis but reduced BDNF, GDNF, GFRa1, RET and bcl-2
expression, cell proliferation and cell numbers in the S phase, while the opposite trend was observed in the miR-216a
inhibitor group. Taken together, our ﬁndings demonstrate that elevated GDNF levels can reduce the retinal injury, whereby
down-regulated miR-216a aggravates the YAG laser-induced retinal injury by targeting the GDNF level through the GDNF/
GFRa1/RET signalling pathway.
Keywords. GDNF/GFRa1/RET signalling pathway; glial cell line-derived neurotrophic factor; microRNA-216a; retinal
injury; retinal neurons; yttrium aluminium garnet

1. Introduction
The retina is a thin layer of tissue that lines the back of the
eye on the inside and it is located in close proximity to the
optic nerve. The function of the retina is to receive light that
has been focused by the lens and convert it into neuronal
http://www.ias.ac.in/jbiosci

signals. These signals are then transmitted to the brain for
visual recognition. Like any other central nervous system
(CNS) structures, there are many neuronal structures in the
retina (Masland 2001). Generally, retinal injury is a very
common cause for intractable and profound loss of vision
and almost always leads to poor outcomes in closed and
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open globe injuries due to failure of axon and tissue
regeneration, scarring as well as cell apoptosis (Blanch et al.
2011; Blanch et al. 2012). Manual workers, young males as
well as military people have been found to be at the highest
risk for retinal injuries (Weichel et al. 2008; Blanch et al.
2011). Previous evidence shows that photoreceptor loss and
activation of necroptosis, caspase-independent apoptosis as
well as necrosis were in association with retinal damage
(Jaadane et al. 2015). As a response to these discovered
mechanisms that lead to retinal damage, several methods
have been adapted to repair or prevent the loss and degeneration of photoreceptors. These methods include the adaption of nerve growth factor, gene therapy and also nutritional
support therapy (Stern and Temple 2011; Fernandes et al.
2012; Thumann 2012; Turlea 2012; Girmens et al. 2013).
Moreover, conditional Dicer molecule knockout has
revealed roles of microRNAs (miRs) both in survival and
physiology of mature retinal neurons and in the retinal
development (Georgi and Reh 2010; Pinter and Hindges
2010; Iida et al. 2011). Dicer is also known as an endoribonuclease dicer, which is an RNase that cleaves doublestranded RNA and pre-microRNA into short double-stranded RNA fragments known as siRNAs and miRs. Dicer
facilitates the activation of the RNA-induced silencing
complex (RISC), which is essential for RNA interference
(Matsuda et al. 2000). As established beforehand, the retina
is a multi-layered sensory organ that is responsible for
transducing light into several electrophysiological signals
that are ﬁnally perceived as ‘vision’ by the brain. It has been
found that a complex gene regulation network carries out the
layers of regulation so as to achieve normal vision, where
miRNAs play indispensable and key roles in that particular
regulation (Sundermeier and Palczewski 2012).
MiRNAs are small non-coding RNAs that are involved in
RNA silencing and post-transcriptional regulation of gene
expression. MiRNAs are usually 22 nucleotides in size.
They are implicated in various biological processes such as
cell proliferation and apoptosis, and have considerable
potential signiﬁcance in the development of retinal diseases
in vertebrates (Chung et al. 2015). MicroRNA-216a (miR216a), a member of the miRNA family, has been associated
with retinal development (Olena et al. 2015). Glial cell linederived neurotrophic factor (GDNF) has been proven to
rescue photoreceptors and effectively survive in retinal
degeneration (Hauck et al. 2006). Neurturin (NTN), GDNF,
their receptors, GDNF family neurotrophic factor receptor
a1 (GFRa1), GFRa2 and rearranged during transfection
(RET) could play pivotal roles in neuron survival in the
peripheral and CNSs (Harada et al. 2003). It is a small
protein that can help promote the survival of many types of
neurons. The recombinant form of this protein was shown to
promote the survival and differentiation of dopaminergic
neurons in culture, and was able to prevent apoptosis of
motor neurons induced by axotomy (Lin et al. 1993).

Furthermore, stable mRNA transcription of GDNF together
with its receptors GFR-a1, -a2 and RET has been found in
retina and superior colliculus (SC) throughout development
into adulthood and after ON transection (Kretz et al. 2006).
Importantly, though a laser injured mouse model for retina
has already been adapted by many studies previously, and
the pathophysiology and mechanism for laser-induced
damage have recently been studied, it is still unclear as to
how miR-216a inﬂuences retinal injury (Belokopytov et al.
2010; Muther et al. 2010; Schulmeister et al. 2011; Kasaoka
et al. 2012). Thus, in this study our aim is to determine and
ﬁnd the mechanisms how miR-216a suppresses the GDNF
expression and enhances yttrium aluminium garnet (YAG)
laser-induced retinal injury via the GDNF/GFRa1/RET signalling pathway.

2. Materials and methods
2.1

Ethics statement

All experiments in our study were approved by the Ethics
Committee of Jiangxi Pingxiang People’s Hospital.

2.2

Model establishment

Fifty male Wistar rats (aged 6–8 weeks, 170±10 g) were
obtained from the Chengdu Dashuo experimental animal Co.
Ltd. All rats were kept in cages separately at a constant
temperature of 25°C with a humidity of 50–70% at an
interval of 12 h light/12 h darkness and with free access to
food and water. The cage and padding were replaced every
two days and experiment was conducted two weeks later.
The 50 rats were equally and randomly assigned into control
and model groups with 25 rats each. The rats in the control
group received no treatment. Rats in the model group were
intraperitoneally injected with 20% ethyl carbamate (0.5
g/kg, U2500, Sigma-Aldrich Chemical Company, St Louis,
MO, USA) for general anaesthesia and given Tropicamide
eye drops into their eyes (101019, Qingdao Jie Shi Kang
Biotechnology Co., Ltd., Shandong, China) for mydriasis.
The Nd:YAG laser (DPPSL532, Felles Photonic Instruments, Shanghai, China) was added to the left eyes of the
mice. It was added to the left eye till the posterior pole of the
retina and the right eye with no laser radiation was served as
the self-control. The radiation parameters were selected
according to the previous study (Jain et al. 2008): wavelength as 532 nm, radiation time as 50 ms, incident spot
diameter as 300 lm and capacity factor as 150 mV. After
laser irradiation, the eye-ground photography was immediately obtained (AFC-230/210, NIDEK Technologies, Gamagori, Japan) and observed. The model established was
considered when light coagulation, retinal haemorrhage and
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other retinal injury symptoms were observed. All rats were
conventionally fed.

2.3

Culture and identiﬁcation of retinal Muller cells

There were deaths of rats in both groups within 7 days after
conventional feeding. During the 7th day, 15 rats were
selected from the control and model groups, respectively,
and anaesthetized with 5% 7 mL/kg pentobarbital sodium
through intraperitoneal injection and ﬁxed, followed by the
opening of the thorax to expose the heart. The ventriculus
sinister was inserted with an injector containing normal
saline. The right atrium was opened to allow for reperfusion.
The blood in the right atrium was thoroughly washed until
clean and normal saline remained. 50 mL of 4%
paraformaldehyde phosphate buffer (pH=7.2 (lot no.
B130053, Biosyntech Company, Beijing, China) was then
again used for reperfusion. The ﬁxing procedure was
accomplished when clean liquid ﬂowed through the oral
cavity and nasal cavity. The left eye balls of the rats were
extracted and rinsed with normal saline with the cornea cut
open with an eye scissors (SZX10, Olympus Optical Co.,
Ltd., Tokyo, Japan) on the verge of cornea and sclera under
the anatomical lens. Followed by the extraction of crystalline
lens and vitreous solution, the superﬁcial layer of the eye
ball was sheared open longitudinally obtaining the retina
thereafter. A part of retinal tissue was then ﬁxed using 4%
paraformaldehyde for later detection by haematoxylin–eosin
(HE) staining and immunohistochemistry. The remaining
retinal tissue was then stored and preserved at -80°C for
subsequent experiments.
Ten rats were chosen from the control and model groups
and then were sacriﬁced through injected air to induce air
embolism. Their eyeballs were then extracted under aseptic
conditions and then soaked in 40 mL normal saline containing 100,000 units of penicillin (CP-130437, Shanghai Yu
Bo Biological Technology Co., Ltd., Shanghai, China). After
rinsing with phosphate-buffered saline (PBS) several times,
the retina was peeled, treated with 5 g/L trypsin at 37°C for
20–30 min, beaten and then added a medium containing 200
mL/L serum to terminate trypsin digestion. Following ﬁltration by using a stainless-steel mesh, centrifugation was
carried out at 1000 r/min for 3–5 min, the suspension of
culture medium was re-centrifuged (repeated twice), discarding the supernatant afterwards. The cell suspension was
prepared by adding a medium containing 200 mL/L serum
into the retina, and then adjusting the cell density to 39108/
L, inoculating the retina in a 25 cm2 culture bottle afterwards. The culture medium was replaced every three days.
After nine days, the culture bottle was sealed, placed in a
constant temperature rocking bed and shaken at 200 r/min
for 24 h for puriﬁcation of retinal Muller cells (RMCs).
When the cell morphology was consistent, 1:2 subdivision
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was carried out and the 2/3 generation cells were used for
experiment. After subculture, cells were seeded in 24 well
plates with a preset coverslip. The cells were identiﬁed after
24 h of full extension. A combination of RMC markers
glutamine synthetase (GS), glutamic acid transporter
(GLAST) and vimentin, together with immunoﬂuorescence
double labelling was used to identify RMCs.

2.4

HE staining

The retinal specimens were ﬁxed in 4% paraformaldehyde
for 24 h, dehydrated by gradient alcohol (70, 80, 90, 95 and
100%), underwent transparency by xylene I and II
(X820585-500 mL, Hong zhe Biotech Company, An Hui,
China), respectively, for 15 min, immersed in parafﬁn and
embedded in parafﬁn. Three sections of 5 lm were taken
from each group where six sections from each group were
prepared for immunohistochemistry and terminal deoxynucleotidyl transferase-mediated dUTP nick end labelling
(TUNEL) staining. The sections were dewaxed with water,
and added haematoxylin (Baomanbio, Shanghai, China) and
then left to stain at room temperature for 10 min. Subsequently, sections were washed with running water for 30–60
s, and differentiated by 1% hydrochloric alcohol for 1 min
and then washed with water for 1 min, followed by staining
by eosin for 5–10 min. Then, each section was dehydrated
by gradient alcohol for 1 min and cleared by xylene two
times (1 min each). Sections were then sealed by neutral
balsam and observed under an optical light microscope
(Boshida Optical Instrument Co., Ltd., Guangdong, China)
for morphological changes. The computer image analysis
system (IBAS 2.0, Kontron AG, Eching, Germany) was used
for quantitative calculation of the retinal ganglion cells
(RGCs). The RGC number in a 10-mm retinal cross-section
was measured and an average value of three ﬁelds was
calculated for statistical analysis.

2.5

Immunohistochemistry

Retinal tissue sections prepared beforehand were dried in an
incubator at 60°C for 1 h. After dewaxing by conventional
xylene, dehydrated by gradient alcohol and incubated in 3%
H2O2 (BD5024, Bioworld Technology Inc., Minneapolis,
Minnesota, USA) at 37°C for 30 min, they were washed
with PBS (pH=7.4) four times, twice. The antigen repair by
high voltage was carried out for 2 min. After that, the tissue
sections were placed inside 0.01 M citrate buffer at 95°C for
20-min stewing and soaked in 3% H2O2 for 15 min to block
exogenous peroxidase activity. The normal goat serum
working solution (Ns01-01, BioTeke Corporation, Beijing,
China) was added for sealing and left to react at 37°C for 10
min. Next, the dilute rabbit anti-rat polyclonal antibody
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GDNF (1:500; bs-1024R, Bioss, Beijing, China) was added
and left to incubate at 4°C overnight, and then rinsed with
PBS. After that, the secondary antibody horseradish peroxidase (HRP)-labelled goat anti-rabbit antibody (A21020,
Abbkine, Californian, USA) was added and incubated at
room temperature for 30 min. The sections were stained by
diaminobenzidine (diaminobenzidine (DAB), ST033, Beyotime Biotechnology Co., Shanghai, China) for 3 min, rinsed
with running water for 3 min, re-stained by haematoxylin for
20 s, and washed with running water for dye elimination and
ﬁnally sealed. PBS was used as a negative control (NC) that
replaced the primary antibody and the known positive section as a positive control. The positive cell was conﬁrmed
when staining was higher than 25%, with brown or yellowbrown staining in the cytoplasm. An optical light microscope
was used for observation and photographing. Five highpower ﬁelds were randomly selected from each section and
100 retinal neurons were counted within one ﬁeld. The
positive rate was determined as the average percentage
between the positive cells and total cells of all ﬁelds.

2.6

TUNEL staining

The prepared sections were dewaxed to water by conventional xylene, dehydrated by gradient alcohol and washed
with PBS (pH=7.2) thrice, ﬁve minutes each. They were
then treated with 20 lg/mL protease K (MB5088, SigmaAldrich Chemical Company, St Louis, MO, USA) at 37°C
for 30 min, washed with PBS again and treated with 3%
H2O2 (BD5024, Bioworld Technology Inc., Minneapolis,
Minnesota, USA) at room temperature for 5 min to block
exogenous peroxidase activity. After washing with PBS,
0.1% Triton-X-100 citric acid solution (YM-BE10805,
Yuanmu Biotechnology Company, Shanghai, China) was
added to the sections to eliminate contaminants in the cell
membrane surface, and then left to react on ice for 4 min.
After rinsing with PBS, 50 lL TUNEL mixed reaction
solution (B31115, Biotool, Shanghai, China) containing
DNA transferase was added and left to incubate at 37°C for
60 min. The sections were washed with PBS three times
with 5 min for each, added a peroxidase (POD) solution at
37°C for 30 min, washed with PBS again in the same way,
stained by DAB for 10 min and sealed with neutral balsam.
The prepared sections of normal rats were considered as the
control, and PBS replaced dTd enzyme in reaction buffer
solution was used as the NC. An optical light microscope
was used to observe apoptotic cells, which were considered
positive when brown staining was observed and considered
negative when blue staining was observed. Ten different
ﬁelds were randomly selected from each section and 100
retinal neurons were counted within one ﬁeld. The percentage of the apoptotic positive rate was calculated and the
average was the apoptotic index (AI).

2.7

RNA isolation and quantitation

RNA was extracted from the retinal tissues that were kept in
a -80°C storage freezer according to the instructions of the
miRNeasy Mini Kit (Qiagen, Hilden, Germany). The
detection of absorbance (A) and the ratio A260/A230 were
carried out with the nanodrop2000 micro-ultraviolet spectrophotometer (1011 U, Nanodrop Technologies, Wilmington, Delaware, USA) to verify the concentration and purity
of total RNA. TaqMan MicroRNA Assays Reverse Transcription Primer (4427975, Applied Biosystems Inc.,
Carlsbad, CA, USA) was used to carry out reverse transcription reactions to produce cDNA, which was then diluted
to 50 ng/lL and then added to the sections (2 lL each time).
The ampliﬁcation system had a total reaction mixture comprising 25 lL. The reaction conditions of reverse transcription were set at 37°C for 30 min and at 85°C for 5 s. The
primer sequences for miR-216a, cellular oncogene fos
(c-fos), vascular endothelial growth factor (VEGF), brainderived neurotrophic factor (BDNF), GDNF, GFRa1, RET,
B cell lymphoma 2 (bcl-2) and bcl-2-associated X protein
(bax) were designed and synthetized (Takara Holdings Inc.,
Kyoto, Japan), as shown in table 1. The ABI7500 quantitative PCR (7500, ABI Company, Oyster Bay, NY, USA)
was conducted for the reverse transcription quantitative
Table 1. The primer sequences for the RT-qPCR
Gene

Sequence (50 –30 )

miR-216a

F: 50 -TAATCTCAGCTGGCAACTGTGA-30
R: 50 -TCACAGTTGCCAGCTGAGATTA-30
F: 50 -GTCTCCAGTGCCAACTTCAT-30
R: 50 -CAGCCATCTTATTCCTTTCC-30
F: 50 -CACCCACGACAGAAGG-30
0
R: 5 -AACGCTCCAGGATTTA-30
F: 50 -CAGTATTAGCGAGTGGGTCA-30
R: 50 -CCGAACATACGATTGGGT-30
F: 50 -ACCAGATAAACAAGCGGCAG-30
R: 50 -TCAGATACATCCACACCGTTTAG-30
F: 50 -GCAAGGAAACCAACTTCAGC-30
R: 50 -TCGTATGGGGAATCTTCCAG-30
F: 50 -ATCCACACCTTCGGACTCAC-30
R: 50 -AACCCAGTGCTAGTGCCATC-30
F: 50 -GCGATGAACTGGACAACAACAT-30
R: 50 -TAGCAAAGTAGAAAAGGGCAACC-30
F: 50 -ACGAGTGGGATACTGGAGATG-30
R: 50 -TAGCGACGAGAGAAGTCATCC-30
F: 50 -GCTTCGGCAGCACATATACTAAAAT-30
R: 50 -CGCTTCACGAATTTGCGTGTCAT-30
F: 50 -AAAGACCTCTATGCCAACACAG-30
R: 50 -AAAGAAAGGGTGTAAAACGCAG-30

c-fos
VEGF
BDNF
GDNF
GFRa1
RET
Bax
Bcl-2
U6
b-Actin

c-fos, cellular oncogene fos; VEGF, vascular endothelial growth factor;
BDNF, brain-derived neurotrophic factor; GDNF, glial cell line-derived
neurotrophic factor; GFRa1, glial cell line-derived neurotrophic factor
receptor alpha 1; bcl-2, b-cell lymphoma-2; bax, bcl-2-associated X
protein; RT-qPCR, reverse transcription quantitative polymerase chain
reaction; RET, roto-oncogene.
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polymerase chain reaction (RT-qPCR) and the reaction
conditions were set according to the following protocol: predenaturation at 95°C for 10 min, a total of 40 cycles of
denaturation at 95°C for 10 s, annealing at 60°C for 20 s and
extension at 72°C for 34 s. The total system for RT-qPCR
was 20 lL which includes 10 lL of SYBR Premix Ex TaqTM
II, 0.8 lL of PCR forward primer (10 lM), 0.8 lL of PCR
reverse primer (10 lM), 0.4 lL of ROX reference dye, 2.0
lL of cDNA template and 6.0 lL of distilled water. U6 was
used as the internal reference for miR-216a, and b-actin for
c-fos, VEGF, BDNF, GDNF, GFRa1, RET, bax and bcl-2. 2DDCt
was used as the ratio relationship between the experimental gene and control gene, and the formula was presented
as DDCT=DCtexperiment group-DCtcontrol group, DCt=CtmiRNACtb-actin. Ct is the number of ampliﬁcation cycles when realtime ﬂuorescence intensity of reaction reaches the set
threshold. Each experiment was repeated three times (this
method was also applied for the detection of mRNA
expressions of the cells after a 48 h transfection).

2.8

Western blot analysis

A total of 100 mg retinal tissues obtained from the -80°C
storage was transferred to a glass grinder. 500 lL of tissue or
cell lysate (C1051, Whiga Company, Guangdong, China) was
added to the tissue and then ground into a homogenate on an
ice bath. Protein lysate was added to the mixture and incubated
at 4°C for 30 min, shaken once every 10 min and centrifuged
(12,000 r/min) at 4°C for 20 min with the lipid layer eliminated. The bicinchoninic acid (BCA) kit (20201ES76, Yeasen
Inc., Shanghai, China) was used to detect the protein concentration of each sample and deionized water was used to
adjust the loading quantity of the sample to 30 lg per protein
per lane. In the meantime, 10% sodium dodecyl sulphatepolyacrylamide separation gel and 4% spacer gel were prepared. The samples were mixed with loading buffer solution,
boiled at 100°C for 5 min, placed on an ice bath, centrifuged
and added into each lane in the same quantity using a micropipette. The proteins on the gel were then transferred onto a
nitrocellulose membrane ﬁlter (NC ﬁlter) and sealed with 5%
skimmed milk powder for 1 h. The primary antibody rabbit
anti-rat polyclonal antibody c-fos antibody (bs-10172R,
1:500), VEGF antibody (bs-0279R, 1:500), bax antibody (bs0127R, 1:500), bcl-2 antibody (bs-20351R, 1:500), BDNF
antibody (bs-4989R, 1:500), GDNF antibody (bs-1024R,
1:500), GFRa1 antibody (bs-0201R, 1:500), RET antibody
(bs-2793R, 1:500) and mouse anti-rat monoclonal antibody bactin (bsm-33036 M, 1:1000), all purchased from Bioss
(Beijing, China), were added and incubated overnight. On the
following day, the samples were washed with PBS three times
at room temperature (5 min each time). After that, the HRPlabelled immunoglobulin G (IgG) goat anti-rabbit secondary
antibody (A21020, Abbkine, California, USA) was added and
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left to incubate at 37°C for l h, followed by a wash with PBS
three times at room temperature (5 min each time). The
membrane was reacted with an electrochemiluminescence
(ECL) solution (ECL808-25, Biomiga, San Diego, CA, USA)
at room temperature for 1 min and then the liquid was
removed. The membrane was covered with a preservative
ﬁlm, photographed by using an X-ray (36209ES01, Shanghai
Qcbio Science & Technologies Co., Ltd., Shanghai, China)
and observed. b-Actin was used as an internal reference and
the relative protein level was presented as percentage between
grey values between the target band and the internal reference
band. Each experiment was repeated three times (this method
was also applied for detection of protein levels of the cells after
72 h of cell transfection).

2.9

Cell grouping and transfection

Concentration of retinal neurons in the logarithmic growth
phase was adjusted to 106 cells/mL and seeded in a six-well
plate, with each well containing 2 mL cell suspension. When
the cell conﬂuence reached 30–50%, cell transfection was
conducted according to instructions provided in the Lipofectamine 2000 kit (11668019, Thermo Fisher Scientiﬁc Inc.,
Waltham, MA, USA). 250 lL Opti-MEM (31985, Gibco
Company, Grand Island, NY, USA) free from serum was used
to dilute 100 pmol miR-216a mimic, miR-216a inhibitor,
siRNA-GDNF, siRNA-GDNF?miR-216a inhibitor and NC,
with a ﬁnal concentration of 50 nM, slightly shaken, incubated
at room temperature for 5 min. After that, 250 lL Opti-MEM
free from serum was used to dilute 5 lL Lipofectamine 2000
and left to mix and incubate at room temperature for 5 min.
Two diluted solutions were then mixed evenly and left at room
temperature for 20 min, followed by addition to cell culture
wells and allowed to culture at 37°C with 5% CO2 at a saturated humidity for 6–8 h. After replacing the medium with a
complete medium (INV-00002, Innovate Inc., Jiangsu,
China), cells were cultured for another 24–48 h for further
experiments. The cells were then classiﬁed into the normal
(retinal neurons of normal rats), blank (retinal neurons with no
transfection), NC (retinal neurons with NC plasmid transfection), miR-216a mimic (retinal neurons with miR-216a mimic
plasmid transfection), miR-216a inhibitor (retinal neurons
with miR-216a inhibitor plasmid transfection), siRNA-GDNF
(retinal neurons with siRNA-GDNF plasmid transfection) and
miR-216a inhibitor?siRNA-GDNF (retinal neurons with
plasmid transfection of miR-216a inhibitor and siRNAGDNF) groups, respectively.

2.10

Dual luciferase reporter assay

The targeting gene of miR-216a was initially analysed by
using the bioinformatics website targetscan.org, verifying
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that GDNF was directly targeted by miR-216a. The GDNF
gene was colonized and ampliﬁed in the 30 -UTR area, and
artiﬁcially introduced into pmirGLO Luciferase (E1330,
Promega Corporation, Madison, WI, USA) via restriction
enzymes Xba I and Xho I, and named pGDNF-wild type
(WT). Complementary sequences at GDNF mutation sites
were designed for WT of STAT3, and pGDNF-mutation type
(MUT) target segment was constructed. The pRL-TK vector
(E2241, Promega Corporation, Madison, WI, USA) of
renilla luciferase was used as the internal reference. The
miR-216a mimic and miR-216a NC plasmid were then cotransfected along with the luciferase reporter vector into
HEK-293 T cells (CRL-1415, American Type Culture Collection, VA, USA), respectively. A ﬂuorescence detector
(Glomax20/20, Promega Corporation, Madison, WI, USA)
was utilized to detect ﬂuorescence intensity.

2.11 3-(4,5-Dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) assay
After a 24 h transfection period, the cells were washed with PBS
twice and treated with 0.25% trypsin (25200056, Gibco, Grand
Island, NY, USA) to create a single cell suspension. After
counting, cells were seeded in a 96-well plate with *39104 to
59104 cells in each well. Each well contains 0.1 mL of cells and
six duplicated wells were set and incubated for 0, 24, 48 and 72
h, respectively. After cell adhesion at various time points, 20 lL
of 0.5% MTT medium (M2128, Sigma-Aldrich Chemical
Company, St Louis, MO, USA) was added into each well, and
the cells were incubated for another 4 h, and then the liquid
supernatant was removed. 100 lL of dimethyl sulphoxide
(DMSO D5879-100ML, Sigma-Aldrich Chemical Company,
St Louis, MO, USA) was added to each well and mixed evenly
for 10 min to completely dissolve the formazan crystals produced by the living cells. Optical density (OD) at the wavelength of 490 nm was measured using a microplate reader (BS1101, Detielab, Co., Ltd., Nanjing, China). Each experiment
was repeated three times, and the curve of cell viability was
constructed with the time points along the X-axis and the OD
value along the Y-axis.

2.12

Flow cytometry

Propidium iodide (PI) staining: After transfection for 48 h, cells
were collected and treated with 0.25% trypsin, centrifuged (1000
r/min) at 4°C for 5 min with liquid supernatant eliminated and
added re-cooled PBS three times, and then the liquid supernatant
was removed. Cell samples were adjusted to 19105 cells/mL
after cell suspension by using PBS. Cell samples were then precooled using 75% ethyl alcohol at -20°C and then were ﬁxed at
4°C for 30 min, followed by centrifugation to eliminate ice ethyl
alcohol. After that, cells were washed with PBS twice and 100 lL

RNase Awas added before incubating them at 4°C in the dark for
30 min. PI dye (P4170, Sigma-Aldrich Chemical Company, St
Louis, MO, USA) was then added to the cell mixture and left to
incubate again at 4°C in the dark for 30 min. Cell cycle stained by
red ﬂuorescence was detected by using a ﬂow cytometer (CA
92821, CytoFLEX, Beckman Coulter Life Sciences, Brea, CA,
USA) at an excitation wavelength of 488 mm.
Annexin V/PI double staining: After transfection for 48 h,
cells were collected and detached into a ﬂow tube with 0.25%
trypsin without ethylene diamine tetra-acetic acid (EDTA), and
centrifuged to eliminate liquid supernatant. After that, the cells
were washed with re-cooled PBS three times, and then the
supernatant was removed. According to the instructions provided in the Annexin-V-ﬂuorescein isothiocyanate (FITC) cell
apoptosis kit (K201-100, Biovision, Bioptics, Tucson, USA),
Annexin-V-FITC/PI dye was prepared by Annexin-V-FITC, PI
and 4-(2-hydroxyethyl)-1-piperazineethanesulphonic acid
(HEPES) buffer solution at a ratio of 1:2:50. 100 lL dye was
added to each cell suspension that contains 19106 cells. The
cells were then shaken evenly, incubated at room temperature
for 15 min and added HEPES loading buffer solution and
evenly mixed. The ﬂuorescence of FITC and PI was detected
through 515 and 620 nm band pass ﬁlters at a wavelength of 488
nm, in order to detect the cell-apoptotic rates. Each experiment
was repeated three times. The ﬂow cytometry scatter diagram
showed that early apoptotic cells were in the right lower
quadrant, necrotic and apoptotic cells were located in the right
upper quadrant, mechanically injured or necrotic cells in the left
upper quadrant and live cells in the left lower quadrant. The cell
apoptosis (%)=the apoptosis of early apoptotic cells?the
apoptosis of advanced apoptotic cells.

2.13

Statistical analysis

Statistical analyses were conducted by using SPSS 21.0
(IBM Corp., Armonk, NY, USA) statistical software. Normal
distribution and homogeneity of variance of all measurement
values were conducted. If the values were in normal distribution and homogeneity of variance, measured data were
presented using mean±standard deviation, and a t-test was
performed. If the values were not in accordance with the
normal distribution and homogeneity of variance, a nonparametric Wilcoxon rank-sum test was used instead. The
values of p\0.05 indicated signiﬁcant results.

3. Results
3.1 Identiﬁcation and purity detection of retinal Muller
cells
After 48–72 h of cell culture, some cells were adhered to the
wall, and the morphology of parietal cells changed from
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round to either spindle or irregular; some cells clustered into
a group, some did not stick to the wall and some adhered to
the bottom of the culture bottle. The non-adherent cells
remained in the suspension in the culture ﬂasks, and the dead
cell fragments are suspended on the surface of the medium
(ﬁgure 1A). After 5–7 days of culture, most of the cells were
found to be adhered to the wall, and their shapes appeared
either ﬂat, spindle or irregular (ﬁgure 1B). The third-generation cells are ﬂat and irregular, with large cell body, uniform
distribution, well-proportioned shape, rich cytoplasm and
irregular cell extension. When the cell-growth densities were
high, the cell morphology is extruded, and the cells were
fusiform shaped (ﬁgure 1C).
Firstly, immunoﬂuorescent cytochemical staining was used.
The results demonstrated that the cells were evenly distributed,
and both the cytoplasm and the nuclei expressed Muller speciﬁc

A
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marker GS in the retina; the cell bodies were large, with rich
cytoplasm, uniform green ﬂuorescence and the nuclei were blue
under the excitation of ultraviolet light, the size of the cells were
basically uniform, and the cells were round or oval, with a clear
nucleus boundary (ﬁgure 1D). At the same time, the
immunoreactive reaction of the Muller cell marker protein
vimentin was ﬁlamentous ﬂuorescence in the cell. By observation of the location and number of DAPI immunoreactive
cells in vimentin, it was found that the vimentin positive cells
accounted for most of the DAPI nucleation (ﬁgure 1E).

3.2

Retinal injury led to disorderly structure of retina

Histological observations of the retina show clear structure
of retina, easily recognizable strata nuclear, inner nuclear

B

C

100μm

100μm

100μm

25μm

25μm

25μm

100μm

100μm

100μm

D

E

Figure 1. Puriﬁcation and culture of retinal Muller cells. (A) Some cells adhered to the wall after 48 h culture, (B) the cells attached to the
wall were ﬂat and irregular 7 days after culture, (C) the third-generation cells were ﬂat and irregular, with uniform distribution, wellproportioned form, rich cytoplasm, strong refraction and the adjacent cell contact with each other to form a net, (D) detection of retinal
Muller cells by immunoﬂuorescent cytochemical staining showed that the cells were uniformly distributed, with strong positive expression
of the cytoplasm and nucleus GS, large cell body, rich cytoplasm, uniform green ﬂuorescence and the nucleus DAPI of the cell was stained
blue and was circular, and the nucleus was clear and (E) positive expression of vimentin in retinal Muller cells detected by
immunoﬂuorescence.
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Figure 2. A disordered arrangement of retinal tissue was identiﬁed during retinal injury. (A) HE staining (2009, 4009) for the
histological changes of retina in the control and model groups and (B) histogram for the number of RGCs; *p\0.05 vs the control group;
HE, haematoxylin–eosin.

layer and outer nuclear layer of RGCs and single-layer
arranged RGCs in various sizes in the control group. The
model group had a signiﬁcantly lower number of RGCs
(p\0.05), with thin strata nuclear of RGCs, irregularly
arranged cell structure and oedema, vacuolation, denaturation and even necrosis in some cells compared with the
control group (ﬁgure 2). These results veriﬁed that retinal
injury may lead to disorderly structure of the retina in model
rats.

3.3 Increased positive expression rate of GDNF
was identiﬁed in retinal injury
The results of detection of the positive expression rate of
GDNF suggested that GDNF was a type of secreted protein
that was mainly expressed in the various layers of cell
bodies. GDNF also stained yellow confronting with the
positive expression. Compared with the control group
[(13.89±1.38)%], the model group had a markedly elevated
GDNF positive expression rate [(28.99±2.89)%] (p\0.05)
(ﬁgure 3). This demonstrates that an elevated positive
expression rate of GDNF was observed in retinal injury.

3.4 Elevation of apoptosis of retinal tissue
was identiﬁed in retinal injury
In the following experiments, the AI of retinal tissue was
measured by TUNEL staining. The control group had a
negative expression after TUNEL staining and the nucleus

was stained blue. On the other hand, the model group presented with a relatively large number of TUNEL-positive
stained cells. The nucleus was stained brown and no staining
was observed in the cytoplasm and cytolymph. The AI of
retinal tissue in the model group ([4.25±0.42]%) was found
to be signiﬁcantly higher than that of the control group
[(13.15±1.31)%] (p\0.05) (ﬁgure 4). The above evidence
exhibited an increased AI of retinal tissue by retinal injury.

3.5 Expression of miR-216a and mRNA and protein
levels of related genes in retinal injury
To study the levels of miR-216a and the related genes, RTqPCR and western blot analysis were carried out. The model
group had a decreased miR-216a level and mRNA and
protein levels of RET and bcl-2 (p\0.05), but the increased
mRNA and protein levels of c-fos, VEGF, BDNF, GDNF,
GFRa1 and bax compared with the control group (p\0.05)
(ﬁgure 5).

3.6

GDNF was veriﬁed as a target gene of miR-216a

The website targetscan.org was used to testify whether miR216a could target GDNF or not. Thus, for verifying that
GDNF was a target gene of miR-216a, we constructed
luciferase reporter vectors that were inserted with the 30 UTR WT and MUT sequences of GDNF to recombine miR216a/GDNF-WT and miR-216a/GDNF-MUT. The results
showed that the miR-216a mimic group had a decreased WT
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Figure 3. Increased expression rate of GDNF in the retina was identiﬁed in retinal injury. (A) Positive expressions of electropositive
GDNF in the experimental group of retinal immunohistochemical staining (2009, 4009), (B) positive expressions of electropositive GDNF
in the experimental group of retinal immunohistochemical staining (2009) and (C) comparisons of positive expressions of GDNF in the
two groups; *p\0.05 vs the control group; GDNF, glial cell line-derived neurotrophic factor.
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Figure 4. Increased rate of apoptosis in retinal cells was observed in retinal injury. (A) TUNEL staining for apoptosis of retinal cells
(2009, 4009) and (B) the histogram for the apoptotic index of retinal cells in the control and model groups; *p\0.05 vs the control group;
arrows mean the positive apoptotic cells; TUNEL, terminal deoxynucleotidyl transferase-mediated dUTP nick end labelling.

of miR-216a/GDNF-WT co-transfected luciferase signal
intensity compared with the NC group (p\0.05). In contrast,
the MUT of miR-216a/GDNF-mut co-transfected luciferase
signal intensity showed no signiﬁcant difference (p[0.05),
which indicates that miR-216a could typically combined
with the GDNF (ﬁgure 6).

3.7 MiR-216a mimic increased levels of c-fos, VEGF
and bax but reduced levels of BDNF, GDNF, GFRa1,
RET and bcl-2
To study the effects of miR-216a on the levels of miR-216a
related genes, RT-qPCR and western blot analysis were
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Figure 5. The levels of miR-216a and related genes inﬂuenced by retinal injury in the control and model groups. (A) Levels of miR-216a
and related genes measured by RT-qPCR, (B) the western blot analysis images for the RET, bcl-2, c-fos, VEGF, BDNF, GDNF, GFRa1 and
bax in the control and model groups and (C) the histogram for the protein levels of RET, bcl-2, c-fos, VEGF, BDNF, GDNF, GFRa1 and
bax by western blot analysis in the control and model groups; *p\0.05 vs the control group; miR-216a, microRNA-216a; c-fos, cellular
oncogene fos; VEGF, vascular endothelial growth factor; BDNF, brain-derived neurotrophic factor; bcl-2, cell lymphoma 2; bax, bcl-2associated X protein; GDNF, glial cell line-derived neurotrophic factor; GFRa1, GDNF family neurotrophic factor; RET, rearranged during
transfection.

conducted again. Compared with the normal group, the
blank, NC, miR-216a mimic, miR-216a inhibitor, siRNAGDNF and miR-216a inhibitor?siRNA-GDNF groups had a
decreased miR-216a level and mRNA and protein levels of
RET and bcl-2, but an increased mRNA and protein levels of
c-fos, VEGF, BDNF, GDNF, GFRa1 and bax (all p\0.05).
We found no signiﬁcant differences between the miR-216a
level and mRNA and protein levels of RET, bcl-2, c-fos,

VEGF, BDNF, GDNF, GFRa1 and bax after cell transfection
between the blank and NC groups (all p[0.05). Compared
with the blank and NC groups, the miR-216a mimic group
had signiﬁcantly higher miR-216a levels (p\0.05), while the
siRNA-GDNF group had no such signiﬁcant changes
(p[0.05). The miR-216a mimic and siRNA-GDNF groups
had elevated mRNA and protein levels of c-fos, VEGF and
bax (p\0.05), but lower mRNA and protein levels of BDNF,

A
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miRNA (bottom)
Position 945-951 of GDNF 3’UTR 5’
. . . AGAGAAGAUAUUUAUUGAGAUUU . . .
rno-miR-216a-5p
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Figure 6. The veriﬁcation of the targeting relationship between the miR-216a and GDNF via dual luciferase reporter assay. (A) The
website results for binding site of miR-216a and GDNF and (B) dual luciferase reporter assay for the targeting relationship between the
miR-216a and GDNF; *p\0.05 vs the NC group; miR-216a, microRNA-216a; GDNF, glial cell line-derived neurotrophic factor; NC,
negative control.
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NC groups, the miR-216a mimic and siRNA-GDNF groups
had signiﬁcantly lower cell-proliferation rates (p\0.05),
while the miR-216a inhibitor group had higher proliferation
rates (p\0.05). Finally, we found no signiﬁcant differences
between the miR-216a inhibitor?siRNA-GDNF group
(p[0.05) (ﬁgure 9). The results mentioned above provided
evidence that miR-216a reduces retinal neuron proliferation.
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Figure 7. Results of RT-qPCR show increased levels of miR216a and decreased mRNA expression of the related genes.
*p\0.05 vs the normal group; #p\0.05 vs the blank and NC
groups; miR-216a, microRNA-216a; c-fos, cellular oncogene fos;
VEGF, vascular endothelial growth factor; BDNF, brain-derived
neurotrophic factor; bcl-2, cell lymphoma 2; bax, bcl-2-associated
X protein; GDNF, glial cell line-derived neurotrophic factor;
GFRa1, GDNF family neurotrophic factor; RET, rearranged
during transfection; NC, negative control.

GDNF, GFRa1, RET and bcl-2 (p\0.05); the miR-216a
inhibitor group had notably a decreased miR-216a level and
mRNA and protein levels of c-fos, VEGF and bax (p\0.05),
but promoted mRNA and protein levels of BDNF, GDNF,
GFRa1, RET and bcl-2 (p\0.05); the miR-216a inhibitors?siRNA-GDNF group had a decreased miR-216a level
(p\0.05) while no remarkable difference between the
mRNA and protein levels of RET, bcl-2, c-fos, VEGF,
BDNF, GDNF, GFRa1 and bax (all p[0.05) (ﬁgures 7 and
8). All the above results implied that miR-216a mimic
caused increase of c-fos, VEGF and bax levels but decrease
of BDNF, GDNF, GFRa1, RET and bcl-2 levels.

3.8
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MiR-216a reduces retinal neuron proliferation

Next, cell proliferation of retinal neurons in each group was
testiﬁed. All groups had an elevated cell-proliferation rate of
retinal neurons at all time points after cell transfection. The
blank, NC, miR-216a mimic, miR-216a inhibitor, siRNAGDNF and miR-216a inhibitor?siRNA-GDNF groups had a
decreased cell proliferation compared with the normal group
(all p\0.05). There was no signiﬁcant difference between the
cell proliferation after cell transfection between the blank
and NC groups (all p[0.05). Compared with the blank and

MiR-216a promotes apoptosis of retinal neurons

Finally, cell-cycle distribution and apoptotic rate of the
retinal neurons after transfection were identiﬁed. The results
showed that the blank, NC, miR-216a mimic, miR-216a
inhibitor, siRNA-GDNF and miR-216a inhibitor?siRNAGDNF groups had increased cell numbers in the G1 phase
and decreased cell numbers in the S phase compared with
the normal group (all p\0.05). There were no signiﬁcant
differences between the cell-cycle patterns between the
blank and NC groups (all p[0.05). Compared with the blank
and NC groups, the miR-216a mimic and siRNA-GDNF
groups had signiﬁcantly increased cell numbers in the G1
phase and decreased cell numbers in the S phase (all
p\0.05), while the miR-216a inhibitor group had reduced
cell numbers in the G1 phase and increased cell numbers in
the S phase (all p\0.05), and the miR-216a inhibitors?siRNA-GDNF group had no signiﬁcant difference
(p[0.05) (ﬁgure 10).
The blank, NC, miR-216a mimic, miR-216a inhibitor,
siRNA-GDNF and miR-216a inhibitor?siRNA-GDNF
groups had cell-apoptosis rates of (24.25±2.42)%,
(22.89±2.28)%,
(32.46±3.24)%,
(15.19±1.51)%,
(33.15±3.31)% and (23.06±2.31)%, respectively, which
were all elevated compared with the cell-apoptotic rate
[(2.25±0.23)%] in the normal group. There was no signiﬁcant difference between the cell-apoptosis rate after cell
transfection between the blank and NC groups (all p[0.05).
Compared with the blank and NC groups, the miR-216a
mimic and siRNA-GDNF groups had a signiﬁcantly elevated cell-apoptosis rate (p\0.05), while the miR-216a
inhibitor group had a signiﬁcantly decreased cell-apoptosis
rate (p\0.05). We found no signiﬁcant differences between
the miR-216a inhibitor?siRNA-GDNF group (p[0.05)
(ﬁgure 11). The results revealed that miR-216a promoted
apoptosis of retinal neurons.

4. Discussion
Retinal injury contributes to one of the most common causes
for intractable and profound post-traumatic visual loss often
leading to blindness. It frequently results in poor outcomes
due to tissue scarring, retinal cell death as well as functional
regeneration failure (Blanch et al. 2011). In this study, we
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investigated the role of miR-216a in suppressing GDNF
expression in hopes of improving YAG laser-induced retinal
injury outcomes by targeting the GDNF/GFRa1/RET signalling pathway.
In the initial part of our experiment we found that the miR216a mimic and siRNA-GDNF groups had increased mRNA
and protein levels of c-fos, VEGF and bax, but reduced BDNF,
GDNF, GFRa1, RET and bcl-2 levels, while opposite results
were observed in the miR-216a inhibitor group, indicating that
miR-216a mimic caused increase of c-fos, VEGF and bax
levels but decrease of BDNF, GDNF, GFRa1, RET and bcl-2
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Figure 9. The proliferation of retinal neurons reduced by miR216a after cell transfection. *p\0.05 vs the normal group; #p\0.05
vs the blank and NC groups; miR-216a, microRNA-216a; GDNF,
glial cell line-derived neurotrophic factor; NC, negative control.

levels when compared with the blank and NC groups, c-fos
encodes a protein that forms a heterodimer with c-jun that
results in the formation of an activator protein 1 (AP-1) complex which binds DNA at AP-1 speciﬁc sites at the promoter
and enhancer regions of target genes and converts extracellular
signals into changes of gene expression (Chiu et al. 1988). The
c-fos gene level is often used to localize the brain stem neurons
in relation to tracheal-bronchial cough and it is also known as a
responsible marker for the neuronal activation (Jakus et al.
2008). VEGF is a signal protein that is mainly implicated in
angiogenesis and vasculogenesis. Overexpression of VEGF can
contribute to cancer metastasis. Normally, solid cancers are not
able to grow past a certain size without an adequate blood
supply. It has been found that cancers that express VEGF are
able to grow and metastasize (Senger et al. 1983). VEGF is
often associated with the up-regulation of diabetic retinopathy
in retina, as one of the most serious reasons for blindness
(Masuzawa et al. 2006). BDNF is a protein that belongs to the
neurotrophin family of growth factors, namely the most
prevalent growth factor, is found in the CNS, which plays a
signiﬁcant role in plasticity and development of the brain and is
implicated in psychiatric diseases (Autry and Monteggia 2012).
BDNF acts on certain neurons of the CNS and the peripheral
nervous system, helping to support the survival of the existing
neurons and encourage the growth and differentiation of new
neurons and synapses (Goto et al. 2012). Moreover, bax and
bcl-2 proteins belong to the bcl-2 family, which play essential
roles in apoptosis (Chen et al. 2013). BDNF and GDNF are of
great importance for the survival, growth and differentiation of
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Figure 10. The cell-cycle distribution of retinal neurons after cell transfection in seven groups. (A) The ﬂow cytometry images for the cell
cycle after cell transfection in all seven groups and (B) the histogram for the cell cycle after cell transfection in seven groups; *p\0.05 vs
the normal group; #p\0.05 vs the blank and NC groups; miR-216a, microRNA-216a; GDNF, glial cell line-derived neurotrophic factor;
NC, negative control.

developing neurons, which play pivotal roles in the function
and survival of adult neurons, memory, learning and synaptic
plasticity (Ghitza et al. 2010). GFRa1 acts as the co-receptor
with RET, with both needed in response to GDNF (Jing et al.
1996; Treanor et al. 1996; He et al. 2014). One study
demonstrated that focal retinal injury of rats could induce the
c-fos mRNA level in retinal cells (Yoshida et al. 1995). Recent
evidence has demonstrated that the level of GDNF protein
increased during retinal development, whereby GFRa1 was
abundant in the retina and SC, proving that GDNF was an
important survival and guidance factor during the development
of the retinotectal projection (Kretz et al. 2006). In addition, the
Kimba mouse can carry a human VEGF transgene leading to
retinal neovascularization just as that observed in diabetic
retinopathy (Binz et al. 2013). Moreover, our current study
demonstrates that the model group had lower bcl-2 mRNA than
those in the control group at each time point. The opposite
trend was seen in bax mRNA whereby data show that retinal
cell apoptosis can be inhibited by adjusting the levels of bcl-2
and bax in retinal ischaemia reperfusion injury (Zhang and Yan
2014).
Another ﬁnding of our present study suggests that miR216a mimic reduced cell proliferation and promoted apoptosis in retinal neurons, while miR-216a inhibitor are shown
to accelerate cell proliferation and decrease the apoptosis of
retinal neurons. The introduction of miR-216b was found to

suppress gastric cancer (GC) cell-cycle progression and cell
proliferation by targeting HDAC8, an oncogene can enhance
the malignant tumour development (Wang et al. 2016).
Moreover, current evidence suggested that overexpression of
miR-216a induced apoptosis and decreased cell viability in
pancreatic cancer cells both in the presence and absence of
gemcitabine via silencing of MALAT1 expression (Zhang
et al. 2017). Also, previous results indicated that miR-34a
inhibited the proliferation of retinal pigment epithelial (RPE)
cells via downregulation of its targets c-Met and other cellcycle-related molecules (Hou et al. 2013). And miR-9, a
brain-enriched miRNA, together with trophoblast-lymphocyte cross-reactive (TLX), has been proved to form a feedback regulatory loop to mediate the proliferation and
differentiation of retinal progenitors (Hu et al. 2014). In
addition, as being reported to be involved in regulating
neuron survival, downregulation of miR-134 was further
investigated to effectively protect against H2O2-induced
RGC apoptosis through negatively regulating cAMP
responsive element binding protein (CREB) expression
(Shao et al. 2015). And miR-383 upregulation has also been
found to account for high apoptosis in RPE cells by
repressing PRDX3 expression (Jiang et al. 2017). Thus, we
have a standing point to say that miR-216a up-regulation
reduced cell proliferation and promoted apoptosis of retinal
neurons, which promoted retinal injury.
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Figure 11. The cell apoptosis patterns of retinal neurons after cell transfection in seven groups. (A) The ﬂow cytometry images for the cell
apoptosis after cell transfection in seven groups and (B) the histogram for the cell apoptosis after cell transfection in seven groups; *p\0.05
vs the normal group; #p\0.05 vs the blank and NC groups; miR-216a, microRNA-216a; GDNF, glial cell line-derived neurotrophic factor;
NC, negative control.

In conclusion, our study demonstrated that miR-216a
enhanced YAG laser-induced retinal injury by suppressing
GDNF expression via the GDNF/GFRa1/RET signalling
pathway. However, due to the complicated factors related to
these signalling pathways, our current experiment warrants
further investigations to be carried out. Other ﬁndings
remain to be accomplished in order to provide a more
speciﬁc mechanism of how miR-216a affects the GDNF
expression thereby aggravating YAG laser-induced retinal
injury through the GDNF/GFRa1/RET signalling pathway.
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