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Abstract
·AIM: To investigate the changes in the expression of
microRNA -181a (miR-181a) and Bim in a rat model of
retinal ischemia-reperfusion (RIR), to explore their target
relationship in RIR and their involvement in regulating
apoptosis of retinal ganglion cells (RGCs).

·METHODS: Target gene prediction for miR -181a was
performed with the aid of bioinformatics and Bim was
identified as a potential target gene of miR -181a. A rat
model of RIR was created by increasing the intraocular
pressure. RGCs in the flatmounted retinas were labeled
with Brn3, a marker for alive RGCs, by
immunofluorescent staining. The changes in the number
of RGCs after RIR were recorded. Quantitative reverse
transcription-polymerase chain reaction (qRT-PCR) was
used to determine the expression level of miR -181a in
the retina. Bim/Brn3 double immunofluorescence was
used to detect the localization of Bim. The expression of
Bim in the retina was determined with the aids of
Western blot and qRT-PCR.

·RESULTS: Compared with the negative control group,
the density of RGCs was significantly lower in the
ischemia/reperfusion (I/R)-24h and I/R-72h groups ( <
0.001). The expression level of miR -181a started to
decrease at 0h after RIR, and further decreased at 24h
and 72h compared with the negative control group ( <
0.001). Bim was significantly upregulated at 12h after RIR
( <0.05) and reached peak at 24, 72h compared with the
negative control group ( <0.01). Pearson correlation
analysis showed that the expression level of Bim was
negatively correlated with the expression level of miR -
181a and the density of RGCs.

·CONCLUSION: Bim may be a potential target gene of
miR-181a. Both miR-181a and Bim are involved in RGCs
death in RIR. RIR may promote RGCs apoptosis in the
retina downregulation of miR-181a and its inhibition
on Bim expression.
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INTRODUCTON

R etinal ischemia-reperfusion (RIR) injury is a common
pathological process that occurs in many retinal

diseases such as retinal vascular occlusion disease [1], diabetic
retinopathy[2], anterior ischemic optic neuropathy[3], and acute
glaucoma [4-5] or surgical procedures leading to fluctuation of
intraocular pressure (IOP). RIR can aggravate reversible
ischemia-induced damage, especially on retinal ganglion
cells (RGCs) and optic nerves, and promote neuronal death

increasing apoptosis and necrosis[6], eventually leading to
irreversible damage of visual function. Therefore, exploring
the mechanisms of retinal damage caused by RIR and
identifying potential therapeutic targets are important to
reduce or prevent RIR-induced injury to RGCs and to protect
retinal function, and thus can play an important role in the
prevention and treatment of retinal ischemic diseases and
glaucoma.
Apoptosis is the main pathogenesis of RIR to cause injury to
RGCs[7-9]. Apoptosis is associated with many regulatory factors
such as Bcl-2 family proteins. Bim, a BH3-only Bcl-2 family
member, is required for apoptosis initiation [10]. MicroRNA-
181a (miR-181a) is one of the most abundant microRNAs in
retina [11-12], and mainly expressed in the ganglion cell layer
(GCL) and inner layer of the inner nuclear layer (INL) [11-14].
Using microarray technique, we have previously found that
miR-181a is significantly downregulated in a rat model of
RIR. The microRNA target gene database predicts that Bim
is one of the target genes of miR-181a. The target
relationship between Bim and miR-181a is confirmed in the
studies of non-Hodgkin's lymphoma [15] and tibial plateau
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fracture [16]. However, the target relationship between
miR-181a and Bim and their involvment in RIR need to be
elucidated.
In this study, we created a rat model of RIR and examined
the changes in the expression of miR-181a and Bim in the
retina of RIR rats. We further analyzed whether Bim was the
target gene of miR-181a in RIR rats, and investigated their
correlation with apoptosis in RGCs. This study, as per our
knowledge, explored for the first time the possible
anti-apoptotic role of miR-181a in inhibiting RGCs death in
RIR rats, and thus provided with a novel research direction
and therapeutic target for the treatment of RIR.
MATERIALS AND METHODS
Animals Healthy male Sprague-Dawley (SD) rats weighing
200-220 g were purchased from the Dashuo Laboratory
Animal Center (Chengdu, Sichuan Province, China), and
totally 94 rats were used in this study. The animals used in
this study were treated in accordance with the Association for
Research in Vision and Ophthalmology (ARVO) Statement
for the Use of Animals in Ophthalmic and Vision Research.
Target Gene Prediction of MicroRNA-181a To explore
the relations between miR-181a and apoptosis, we performed
target gene prediction for miR-181a by using online
bioinformatics tools TargetScan (Version 6.2) and miRBase
(Version 20.0). The pro-apoptotic factor BCL2L11 (Bim)
was identified as a potential target gene of miR-181a.
Induction of Retinal Ischemia -reperfusion Model in
Rats The mean IOP of normal SD rats under the condition
of anesthesia was 18.09依3.87 mm Hg as reported by Ma

[17]. We induced RIR injury in the rats by elevating the
IOP according to the methods described by Tong [18].
Briefly，the rats were anesthetized by an intraperitoneal
injection of 1% pentobarbital sodium (10 mg/kg). Corneal
analgesia was achieved using 0.4% oxybuprocaine
hydrochloride, pupillary dilatation was maintained with 0.5%
tropicamide and 0.5% phenylephrine. After dilation of the
pupil, the anterior chamber of the left eye was cannulated
with a 30-gauge needle connected to a physiological saline
reservoir. The IOP was raised up to 110 mm Hg by keeping
the reservoir at 150 cm above the eye (1 mm Hg=13.6 mm H2O).
The pressure was monitored with the aid of a rebound
tonometer (Icare, Finland), which showed that 90-100 mm
Hg IOP was virtually acquired in most cases. Retinal
ischemia was confirmed by corneal edema and examination
of the fundus. After 60min, the retinal blood supply was
recovered by slowly lowering the infusion bottle to animal
eye level and removing the infusion needle from the anterior
chamber. Erythromycin eye ointment 0.5% was applied to
the eye for preventing infection after the procedure. Only the
left eye was used in all experiments. The anterior chamber of

the left eye in the sham control groups was similarly
cannulated for 60min without raising the IOP.
Immunohistofluorescence
Flatmounted retinas Brn3 was an ideal antigenic marker
for active RGCs and was used to label alive RGCs in this
study. The preparation of flatmounted retinas was refered to
the method described by Yang [19]. The eyes were
immediately enucleated and fixed with 4% paraformaldehyde
at 4℃ for 1h, and the retinas were dissected from the ora
serrata. Retinal flatmounts were prepared by making four
radial incisions, post-fixed for 1h in 4% paraformaldehyde,
rinsed in 0.1 mol/L phosphate-buffered saline (PBS). The
retinas were permeabilized in PBS with 0.5% Triton X-100
for 15min at -80℃ , rinsed in new PBS with 0.5% Triton
X-100, and incubated overnight at 4℃ with goat anti-Brn3
antibody (Santa Cruz Biotechnology, Heidelberg, Germany)
diluted 1:100 in blocking buffer (PBS, 2% Bovine serum
albumin, 2% Triton X-100). The retinas were washed in PBS
for three times and incubated for 2h at room temperature
with Alexa Fluor-488 donkey anti-goat IgG antibody
(Invitrogen-Molecular Probes, Eugene, Oregon, USA) which
was diluted 1:500 in blocking buffer. Finally, they were
thoroughly washed in PBS and mounted vitreous side up on
slides and covered with glycerin solution.
Retinal sections The eyes were enucleated, embedded in
opti-mum cutting temperature compound (Tissue-Tek,
Sakura, Tokyo, Japan) and quickly frozen in -80℃ . Eight
micrometer thick sections, which included a full length of
retina approximately along the horizontal meridian, passing
through the optic nerve, were cut and mounted on slides. The
sections were blocked with 5% donkey serum in PBS and
stained with a combination of goat anti-Brn3 antibody and
rabbit anti-Bim antibody (Abcam, Cambridge, Cambridge,
MA, USA), which were diluted 1:100 in 0.3% Saponin
(Sigma-Aldrich, Alcobendas, Madrid, Spain). The mixtures
were incubated overnight at 4℃. The goat anti-Brn3 antibody
was detected with Alexa Fluor-488 donkey anti-goat IgG
antibody (Invitrogen-Molecular Probes, Eugene, Oregon, USA).
The anti-Bim antibody was detected with Alexa Fluor-568
donkey anti-rabbit IgG antibody (Invitrogen-Molecular
Probes, Eugene, Oregon, USA). The mixtures of secondary
antibodies were diluted 1:300 in PBS with 0.1% Triton-100
and incubated for 60min at room temperature avoiding light.
The sections were counterstained with 4', 6'-diamino-2-
phenylindole (DAPI) and a fluorescence microscope (Carl
Zeiss, Jena, Germany) was used to capture the images.
Manual quantification of Brn3-positive retinal ganglion
cells in wholemounted retinas We photographed the
retinas under an fluorescence microscope (Carl Zeiss, Jena,
Germany) and counted the Brn3-positive (Brn3+) RGCs
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manually according to a previously described method by
Biermann [20]. Brn3+ RGCs were counted by three
investigators blinded to procedure in photographs of 12
rectangular areas. We photographed 3 standard square areas
(0.2伊0.2 mm=0.04 mm2) at 1, 2 and 3 mm respectively from
the optic disc of each retinal quadrant. To determine the
density of Brn3+ RGCs per square millimeter, we multiplied
the number of cells per 0.04 mm2 by 25. All averaged data
are presented as mean RGCs density (RGCs/mm2) 依standard
deviation (SD).
Quantitative Reverse Transcription -polymerase Chain
Reaction for MicroRNA and mRNA Expression Analysis
Total RNA, including miRNA, was extracted from the retinas
using a Trizol 誖 Plus RNA Purification Kit (Invitrogen,
Carlsbad, CA, USA) following the manufacturer's instructions.
cDNA synthesis was conducted using 800 ng of extracted total
RNA (including miRNAs) and specific primers (Invitrogen,
Carlsbad, CA, USA) for miR-181a (GSP: 5'GGGAACATTC
AACGCTGTCG3'; R: 5'CAGTGCGTGTCGTGGAGT3') or
small nuclear RNA U6 (an endogenous small nuclear RNA,
snRNA). The qRT-PCR was conducted using a ViiA 7 Real-
time PCR System (Applied Biosystems, Foster City, CA, USA)
with 40 cycles of 95℃ for 10s (denature) and 60℃ for 60s
(annealing and extension). miRNA expression was normalized
to that of U6 and expressed as fold of control group. Data
were analyzed according to the comparative Ct method.
For quantification of mRNAs in retinal tissues, the
synthesized cDNA, iQ SYBR Green Supermix (BioRad, CA,
USA) and primers for Bim (F: 5'CAATGAGACTTACACG
AGGAGG3'; R: 5'CCAGACCAGACGGAAGATGAA3')
were used in qRT-PCR, with 40 cycles of 95℃ for 10s and
60℃ for 30s followed by melt-curve analysis. The Bim
mRNA level was normalized to that of endogenous control,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), and
expressed as fold of control. The primers for GAPDH were:
F: 5'GGAAAGCTGTGGCGTGAT3'; R: 5'AAGGTGGAAG
AATGGGAGTT3'. Data were analyzed according to the
comparative Ct method. The primers were designed using the
Primer 5.0 Plus application.
Western Blot Analysis for Protein Expression of Bim
Western blot analysis was performed as previously
described [21-22]. Protein was extracted from freshly dissected
retinas of the rats. Bim signal was detected with rabbit-anti
Bim antibody (Abcam, Cambridge, Cambridge, MA, USA)
diluted 1:500 in PBS-Tween 0.1% and 5% non-fat milk
powder. Secondary detection was performed with horseradish
peroxidase (HRP)-conjugated goat anti-rabbit secondary
antibody (Santa Cruz Biotechnology, Dallas, Texas, USA),
visualizedbychemiluminescence (Merck Millipore, Darmstadt,
Germany). As loading control, 茁-actin detection was

performed with mouse anti-actin (Zhongshanjinqiao, Beijing,
China) detected with goat anti-mouse-HRP secondary
antibody (Zhongshanjinqiao, Beijing, China).
Statistical Analysis Statistical analyses were undertaken
using SPSS (version 19.0). The one-way ANOVA followed
by LSD test was used to compare data of multi-groups. All
data were expressed as means 依SEM. Differences were
regarded as significant when <0.05. The correlation
between the expression level of miR-181a, Bim and the
densities of RGCs were examined by Pearson's correlation
analysis. The correlation coefficient | |>0.8 indicated a linear
relationship between two data.
RESULTS
The Density of Brn3+ Retinal Ganglion Cells in Retinal
Flatmounts Figure 1 showed the Brn3+ RGCs in the normal
and RIR rats. The densities of RGCs (RGCs/mm2) in the
sham control group, ischemia/reperfusion (I/R)-0h, I/R-24h,
and I/R-72h groups were respectively: 2031.25依165.41/mm2,
1845.75依92.45/mm2, 1514.5依135.2/mm2 and 1527.0依88.31/mm2.
The densities of RGCs in the I/R-0h group were not
significantly different from those in the sham controls ( =5,

>0.05). The densities of RGCs in the I/R-24h and I/R-72h
groups were significantly lower than those in the sham
control and I/R-0h groups ( =5, <0.05). There were no
significant differences in the densities of RGCs between the
I/R-24h and I/R-72h groups ( =5, >0.05) (Figure 2).
The Expression of MicroRNA-181a in the Retina from
Retinal Ischemia -reperfusion Rats qRT-PCR results
showed that the expression of miR-181a was significantly
lower in the I/R-0h, I/R-24h, and I/R-72h groups compared
with the sham control group ( =5, <0.05). The expression
of miR-181a was significantly lower in the I/R-24h and
I/R-72h groups than in the I/R-0h group ( =5, <0.001).
There was no significant difference in the expression of
miR-181a between the I/R-24h and I/R-72h groups ( =5, >
0.05) (Figure 3).
The Expression of Bim in the Retina from Retinal
Ischemia -reperfusion Rats Bim was expressed in a few
cells of the GCL in sham control rats (Figure 4). However,
Bim was strongly expressed in the GCL and INL in the
I/R-24h and the I/R-72h group. The expression of Bim was
colocalized with the expression of Brn3 (Figure 5).
The Protein Expression of Bim in the Retina A
significant increase in Bim protein expression was observed
at the I/R-12h when compared to the sham control group
( =5, <0.001). The expression of Bim further increased
and reached a peak at 24h after RIR compared with the
I/R-12h group ( =5, <0.001). But there was no significant
difference in the expression of Bim between the I/R-24h and
I/R-72h groups ( =5, >0.05) (Figure 6).
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The mRNA Expression of Bim in the Retina
Corresponding to the expression pattern of Bim protein, there

was no significant change in the expression level of Bim gene
in the I/R-0h group compared to the sham control group ( =5,

>0.05). The expression of Bim was found to be
significantly upregulated in the I/R-12h group ( =5, <0.05),
the I/R-24h group ( =5, <0.01) and I/R-72h groups ( =5,

<0.01) compared with the sham control group (Figure 7).
The expression level of Bim reached a peak at I/R-24h.
Correlations among the Expression of MicroRNA-181a,
Bim, and the Densities of Retinal Ganglion Cells
Pearson correlation analysis showed that the expression level
of Bim was negatively correlated with the expression of
miR-181a ( =-0.984, <0.05) and the densities of RGCs
( =-0.987, <0.05). The expression level of miR-181a was
positively correlated with the densities of RGCs ( =0.995,

<0.05) (Figure 8).
DISCUSSION
RIR mainly leads to injury to cells in the GCL and INL in the
retina, especially the RGCs. Cell apoptosis is the major
mechanism underlying RIR-induced cell injury [7-9]. The rat
model of RIR created by elevation of IOP is a well known
animal model of RIR, which shows that increase of the IOP
above the systolic pressure levels (up to 110 mm Hg) for
periods of 60min or more results in RGCs loss in the rat
retina [23]. Apoptosis of retinal cells starts to increase at 6h
after RIR, reaches the peak at 24h, and declines thereafter [24-26].
In the present study, we labeled alive RGCs with Brn3 using
the immunofluorescence method, and found that the average
densities of RGCs was significantly decreased at 24h and 72h

Figure 1 Immunofluorescence labeling of retinal ganglion cells with Brn3, a marker for alive retinal ganglion cells, in the
flatmounted retinas from the control and retinal ischemia-reperfusion rats (伊400).

Figure 2 The densities of retinal ganglion cells in the control
and retinal ischemia -reperfusion rats The densities of RGCs
was assessed by counting the cells with Brn3 immunoreactivity in
wholemounted retinas. The number of RGCs exhibited a
significantly decrease in the I/R-24h and I/R-72h groups. Data are
expressed as means依SEM (b <0.01, c <0.001).

Figure 3 The expression of microRNA -181a in retina The
expression level of miR-181a was significantly downregulated at
0h after RIR compared with the sham control group. Further
decrease was found in the I/R-24h and I/R-72h groups when
compared with the I/R-0h group. The error bars represent SEM
(a <0.05, c <0.001).

Figure 4 Immunofluorescence staining of Bim in the retina
from sham control rats (伊400) Bim (red) was expressed in a few
cells in the GCL (arrows). Bim was not expressed in other layers of
the retina.

MicroRNA-181a and Bim in RIR
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after RIR. These findings suggested that we successfully
created the RIR model in which RGCs injury was obvious at
24h after RIR. Our findings are consistent with previous
reports in the literature[24-26].
miRNAs are a class of small non-coding single-stranded
RNA molecules with 17-24 nucleotides in length and are
expressed in cells from plants to animals [27-28]. miRNAs
post-transcriptionally regulate gene expression by imperfectly
complementary binding to the 3' untranslated region

(3'-UTR) of target mRNAs to regulate cell apoptosis,
proliferation, differentiation, development and metabolism [29].
miRNAs that are richly expressed in the central nervous
system play an important role in ischemia-induced neuronal
apoptosis by negatively regulating apoptosis-related
proteins [30-32], as well as regulating neuronal regeneration and
repair after ischemia [33-34]. To date, more than 250 miRNAs
have been reportedly expressed in the retina [35], and 21 of
them are specifically expressed in the retina [13,36-37]. miR-181a,
one of the most abundant miRNAs in the retina, is mainly
expressed in the RGCs and amacrine cells in the INL[11-14], and
thus may be involved in the pathophysiology of these cells.

Figure 7 The mRNA expression of Bim in retina The qRT-PCR
results showed that the expression of Bim was significantly
upregulated in the I/R-12h group , the I/R-24h group and the I/R-72h
group when compared to the sham control. The error bars represent
SEM (a <0.05, b <0.01).

Figure 5 The double labeled staining of Bim (red) and Brn3 (green) in retinal sections (伊400) The first colum: overlap of Bim, Brn3
and DAPI; the second column: Bim signal (red) ; the third column: Brn3 signal (green); the last column: DAPI (blue). Arrows represented the
positive staining of Bim.

Figure 6 The protein expression of Bim in retina The
expression of Bim was significantly higher in the I/R-12h, I/R-24h,
and I/R-72h groups compared with the sham control group and
reached a peak at 24h after RIR. The error bars represent SEM
(b <0.01, c <0.001).
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Using microarray technique, we have previously found that
many miRNAs including miR-181a are downregulated in a
rat model of RIR. In the present study, we used qRT-PCR to
further examine the expression level of miR-181a in the
retina of RIR rats. The results indicated that miR-181a was
significantly downregulated immediately (I/R-0h) after RIR,
and further decreased at 24h and 72h after RIR. These
findings suggested that miR-181a may be involved in the
pathogenesis of RIR, and may act as an upstream regulatory
gene to inhibit mRNAs that contribute to the pathogenesis of
RIR. Ulitsky [38] indicated that miRNAs may participate
in a certain biological process or pathway if their target genes
are involved. With the aid of bioinformatics analysis, we
firstly identified Bim as a possible and potential downstream
target gene of miR-181a, and then further investigated the
changes in expression of Bim in the early phase of RIR.

Bim, belonging to the Bcl-2 family proteins, is a
129-amino-acid protein that is encoded by the gene located at
chromosome 7p15.2[39]. Bim is one of the important members
of BH3-only pro-apoptotic proteins. It selectively binds to
five anti-apoptotic proteins (Bcl-2, Bcl-XL, Bcl-W, Mcl-1,
and A1) and two pro-apoptotic proteins (Bax and Bak) [10].
Similar to other BH3-only members, Bim is upregulated in
response to apoptotic stimuli, and inhibits anti-apoptotic
protein and activates pro-apoptotic proteins, leading to
increased permeability of the outer mitochondrial membrane,
release of cytochrome C, activation of caspases, and
eventually apoptosis [10]. It has been reported that BH3-only
family proteins including Bim are upregulated after optic
nerve transection, and Bim-knockout mice exhibit resistance
to RGCs death induced by optic nerve transection [40-41]. Also
Bim is an important activator of Bax, which plays a key role
in RGCs death. Knockout of Bim has been found to reduce
optic nerve injury in a chronic mouse model of glaucoma [42].
In the present study, we found that Bim was mainly
expressed in the GCL of the retina from RIR rats, and
colocalized with the expression of Brn3, a marker for RGCs.
In addition, Bim was also expressed in a few cells in the INL.
The localization of Bim is consistent with the injury site of
RIR. Western blot and qRT-PCR results showed that Bim
started to increase significantly at 12h after RIR, and reached
peak at 24h after RIR. The time course of Bim expression is
consistent with that of RGCs apoptosis, suggesting that Bim
is likely to be involved in the pathological process of RGCs
apoptosis.
In order to detect the possible target relationship of miR-181a
and Bim, we investigated the changes in expression level of
miR-181a and Bim in the rat model of RIR. We found that in
the early phase of RIR (0-72h after RIR), miR-181a was
downregulated in the retina. Correspondingly, expression of
Bim increased with time of RIR. Correlation analysis showed
that the expression level of miR-181a was negatively
correlated with the expression of Bim. The expression of
miR-181a was significantly lower in the I/R-0h group, and
the change in the expression of miR-181a was earlier than
that of Bim. These findings suggest that miR-181a may be an
upstream regulator of Bim, and Bim is likely the downstream
target gene of miR-181a in RIR. Thus, we inferred that
miR-181a may be the upstream sensor of Bim-mediated
apoptosis pathway. Bim may promote RGCs apoptosis
regulation of anti-apoptosis or pro-apoptotic proteins. Future
functional studies are required to confirm the target
relationship between miR-181a and Bim, and to investigate
the effect of miR-181a on RGCs apoptosis using miR-181a
mimics or inhibitors, .

Figure 8 Correlations among the expression of miR -181a,
Bim, and the densities of retinal ganglion cells A: Change
trends of RGC numbers, miR-181a and Bim expression levels with
RIR time; B, C: Correlation analysis.

MicroRNA-181a and Bim in RIR
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In summary, our findings suggest that miR-181a may be
involved in inhibiting RGCs apoptosis negative regulation
of pro-apoptotic gene such as Bim, and thus providing with
the function of neuroprotection in RIR. miR-181a may be a
potential therapeutic target for the neuroprotective treatment
of RIR.
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