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MicroRNA-96 regulates RGC-5 cell growth through  
caspase-dependent apoptosis
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Abstract: Purpose: This study is to investigate functional role of microRNA 96 (miR-96) in regulating cell survival 
and caspase-dependent apoptosis in rat retinal ganglion cell line RGC-5 cells. Method: RGC-5 cells were cultured 
in vitro. Lentiviral vectors of miR-96 inhibitor, miR-96 mimics and non-specific miRNA were applied. The effects of 
up-regulating or down-regulating miR-96 on cell survival, apoptosis and activation of apoptosis-related caspase 
proteins were assessed by MTT assay, TUNEL staining and western blotting analysis, respectively. Direct binding 
of miR-96 and its suspected target caspase protein, caspase 2 (Casp-2), was examined by luciferase reporter as-
say. Endogenous CASP2 gene was then silenced by siRNA in RGC-5 cells. The effect of down-regulating CASP2 on 
miR-96 mediated apoptosis in RGC-5 was assessed by western blotting and TUNEL staining. Results: Lentivirus 
mediated- miR-96 up-regulation significantly reduced RGC-5 cell viability 12 hours after transfection, whereas miR-
96 down-regulation had no effect on RGC-5 cell survival up to 72 hours. Up-regulating miR-96 induced significant 
apoptosis in RGC-5 cells, whereas down-regulating miR-96 had little effect on RGC-5 apoptosis. Western blotting 
analysis demonstrated that RGC-5 apoptosis induced by overexpressing miR-96 is associated with activation of 
caspase proteins, including caspase-2, 3, 9. Luciferase reporter assay confirmed that Casp-2 was directly bound 
by miR-96 in RGC-5 cells, and siRNA-regulated silencing of CASP2 gene rescued the apoptosis in RGC-5 induced by 
over-expressing miR-96. Conclusion: miR-96 is an important regulator on RGC-5 cell survival and apoptosis, possibly 
through Casp-2.
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Introduction

Retinal ganglion cells (RGCs) transmit visual 
signals into the brain through optic nerve. RGCs 
could be severely damaged in optic neuropa-
thies, including glaucoma, a gradual but irre-
versible process of visual loss and blindness 
characterized by retinal ganglion degeneration 
[1, 2]. RGC-5 is a clonal retinal ganglion cell 
line, originated from postnatal rat retina with 
characteristic retinal progenitor markers includ-
ing Thy-1 Brn-3c and NMDA receptors [3, 4]. It 
has since been established as a common 
model to study cellular and molecular mecha-
nisms of glaucoma in a self-proliferative and 
morphologically undifferentiated in vitro sys-
tem [5, 6].

MicroRNAs (miRNAs) are groups of small-
stranded, highly conserved, 17 to 23 nucleo-
tides long noncoding RNAs, that mediate gene 

expression in various types of tissues and 
organs [7, 8]. Studies have demonstrated that 
groups of miRNAs are differentially expressed 
in retina, than in other sensory organs, with dis-
tinct functions during retinal development 
either in human or animals [9, 10]. Among 
them, miR-132 regulates neurotrophin-depen-
dent retinal axonal branching and maturation 
[11], miR-124 is essential for the development 
of retinal axons and cone cells through target-
ing lhx2 [12], and miR-218 facilitates vascular 
patterning in retina by inhibiting Robo-slit path-
ways [13].

Interestingly, a sensory organ specific miRNA 
cluster, miR183/96/182, was shown to have 
synergic effect on retinal synaptogenesis and 
photoreceptor development [10, 14, 15], wh- 
ereas individual member of the cluster, miR-
182, is seemingly redundant or non-functional 
in the retina [16]. It thus prompts the question 
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whether the other two members of the miRNA 
cluster, miR-183 and miR-96, would have any 
functional role, or if they do, what exact roles 
they play, in retina.

In the present study, in order to further eluci-
date the molecular mechanism of individual 
miRNA of the cluster, miR-96 in retina, we used 
lentiviral vector to specifically down-regulate or 
up-regulate endogenous miR-96 in RGC-5 cells. 
The corresponding effects of either miR-96 
overexpression or knockdown on RGC-5 cell 
survival and apoptosis were then examined. 
More importantly, the direct molecular target of 
miR-96 in RGC-5 cells was probed by bioinfor-
matic method and luciferase reporter assay, 
and then subsequently down-regulated by 
siRNA to further understand the associated 
molecular pathways involved in the regulation 
of miR-96 in retina.

Materials and methods

Cell culture

The RGC-5 cell line was generated by transfor-
mation of postnatal retinal cells from Sprague–
Dawley rats at the Tissue & Culture Key 
Laboratory at Zibo Central Hospital, Zibo, 
Shandong Province, China, based on the meth-
od in previous study [4]. The cells were main-
tained in low-glucose Dulbecco’s modified 
Eagle’s medium (DMEM, Gibco, USA) supple-
mented with 10% FBS, 100 U/ml penicillin, and 
100 μg/ml streptomycin in a humidified tissue 
culture incubator with 5%/95% CO2/O2 at 37°C. 
Once reaching ~80% confluence, the cells were 
passaged by trypsinization in 0.25% Trypsin-
EDTA every 2-3 days.

MicroRNA-96 inhibitor/mimics

In order to manipulate the endogenous expres-
sion of miR-96 in RGC-5 cells, the oligonucle-
otides of rno-miR-96-5p inhibitor, rno-miR-96-
5p mimics and non-specific control were 
manufactured by RiboBio (RiboBio Co. Ltd., 
China). Those miRNA sequences were then 
coded into lentiviral constructs of pCDH-CMV-
MCS-EF1-coGFP (System Biosciences, USA) 
and co-transfected with pPACK packaging lenti-
viral vector into HEK-293 cells, to produce miR-
96 inhibitor vector (miR-96-Inhibitor), miR-96 
mimics vector (miR-96-mimics) and control 
miRNA vector (miR-CTRL). RGC-5 cells were 

transfected with miR-96-Inhibitor, miR-96-mim-
ics or miR-CTRL using Lipofectamine 2000 
(Invitrogen, USA) per manufacturer’s recom- 
mendation.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from RGC-5 cells using 
the Trizol reagent (Invitrogen, USA) per manu-
facturer’s instructions. For assessing the ex- 
pression level of microRNA, quantitative real-
time PCR (qRT-PCR) was performed using the 
TaqMan MicroRNA Reverse Transcription Kit, 
TaqMan Universal PCR Master Mix (Applied 
Biosystems, USA), and the corresponding prim-
ers. U6 small nuclear was used as an internal 
control to normalize miR-96 levels. qRT-PCR 
reactions were conducted in triplicate on a 
RealPlex4 rt-PCR detection system (Eppendorf, 
Germany) with following conditions, 7 min at 
94°C, and then 37 amplification cycles of 20 s 
at 95°C, 1 min at 65°C. The threshold cycle (Ct) 
was defined as the fractional cycle number, and 
the relative miRNA expression was calculated 
as 2-ΔΔCt.

MTT assay

RGC-5 cell viability was assessed using a MTT 
assay. Briefly, RGC-5 cells were cultured in a 
96-well plate at a density of 5 × 103 cells/cm2. 
The lentiviruses of miR-96-inhibitor, miR-
96-mimics and miR-CTRL were added to the 
culture for 2, 4, 6, 12, 48 and 72 hours. After 
removing the supernatant, 100 ml DMEM with 
10% MTT 0.5 mg/mL (Sigma-Aldrich, USA) was 
added for additional 4 hours 37°C. Then, the 
formazan crystals were dissolved in 150 ml 
DMSO (Sigma-Aldrich, USA), and the optical 
absorption at 570 nm was measured with a 
Bio-Rad 400 microplate reader (Bio-Rad, USA). 
Measurements under each experimental condi-
tion was repeated at least 3 times, and normal-
ized to the measurement under control condi-
tion of miR-CTRL.

Apoptosis assay

The apoptosis of RGC-5 cells was assessed 
using a terminal deoxynucleotidyl transferase-
mediated fluoresceinated dUTP nick-end label-
ing (TUNEL) assay [17], with an in situ cell death 
detection kit (Roche, USA) per manufacturer’s 
instructions. Fluorescence images were col-
lected digitally on an Axiovert 200 fluorescence 
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microscope (Carl Zeiss, Germany), captured 
with a Photometrics SenSys cooled CCD cam-
era (Roper Scientific, USA). DAPI was used to 
locate the nuclei of RGC-5 cells (blue). For each 
experiment, triplicate was conducted and five 
randomly selected fields were taken into analy-
sis, and the apoptosis of RGC-5 cells was mea-
sured as the percentage of TUNEL-positive 
nuclei among DAPI positive nuclei.

Western blot

RGC-5 cells were lysed in 50 ml ice-cold lysis 
buffer (Beyotime, China). Lysates were then col-
lected by centrifugation at 15,000 × g for 5 
min, and protein concentration was determined 
by a BCA protein assay kit (Beyotime, China). 
The total protein were then dissolved in 10% 
SDS-PAGE gel and transferred to polyvinyli-
dene fluoride (PVDF) membranes, which was 
subsequently blocked by 4% milk in tris-buff-
ered saline containing 0.1% Tween (TBST) for 2 
h at RT. They were then incubated over night at 
4°C with primary antibodies, Thy-1 (1:2000, 
Santa Cruz Biotechnology, USA), Caspase-2 
(1:2000, Santa Cruz Biotechnology, USA), 
Caspase-3 (1:2000, Santa Cruz Biotechnology, 
USA), Caspase-9 (1:2000, Santa Cruz Bio- 
technology, USA). Horseradish peroxidase-con-
jugated secondary antibodies (Bio-Rad, USA) 
were used on second day for 1 h at RT. Actin 
was used as loading control. The western blots 
were visualized with an ECL reaction kit 
(Beyotime, China) and chemiluminescence film 
(Beyotime, China) per manufacturer’s instru- 
ction.

Luciferase reporter assay

Total cDNA from RGC-5 cells was used to ampli-
fy the 3’UTR of Casp-2 by regular PCR. With 
restriction enzymes of Spe I and Hind III, the 
PCR product was cloned into a pMir-Report 
(Ambion, USA) to yield wild type luciferase vec-
tor Luc-CASP2-WT per manufacturer’s protocol. 
A mutant CASP-2 (Luc-CASP2-MUT) 3’UTR with 
inactivated miR-96 binding site (Figure 3A), 
and a control luciferase plasmid (Luc-Ctrl) were 
also constructed. Those vectors were than co-
transfected with β-galactosidase and miR-
96-mimics into HEK293 for 48 hours. Relative 
luciferase activities were measured using a Dual-  
Luciferase Reporter Assay System (Promega, 
USA) and detected by a GloMaxTM 20/20 
detection system (Promega, USA).

CASP2 silencing

The silencing of CASP2 gene in RGC-5 cells was 
performed by siRNA transfection. CASP2 siRNA 
(CASP2-siRNA, 100 nM) and its control siRNA 
(NC-siRNA, 100 nM) were purchased from 
Ambion (Ambion, USA), and transfected into 
RGC-5 cells by Lipofectamine 2000 per manu-
facturer’s recommendation. The efficiency of 
siRNA silencing was confirmed by western blot-
ting 48 hours after transfection.

Statistical analysis

All data are shown as the mean ± S.E.M. Sta- 
tistical analyses were performed on SPSS soft-
ware (version 16.0) using student’s t-test. A 
P-value of < 0.05 was considered statistically 
significance.

Results

Upregulation of miR-96 decreased RGC-5 cell 
viability

Recent studies had demonstrated that the 
miRNA cluster of miR-183/96/182 played 
important role in retinal development [14, 15], 
yet the exact role of individual miRNA, miR-96, 
remains elusive. In the present study, we first 
investigated whether miR-96 had direct effect 
on the development of retinal precursor cell, 
RGC-5 cells in vitro. We cultured RGC-5 cells in 
6-well plate, then used lentiviruses to either 
down-regulate or upregulate endogenous miR- 
96.

First, the efficiency of lentiviral transfection 
was checked by quantitative real-time PCR 
(qRT-PCR) in 24 hours. The results showed that, 
as compared to the miR-96 expression level in 
RGC-5 cells transfected with lentiviral vector of 
non-specific control miRNA (miR-CTRL), the 
expression level of miR-96 was significantly 
down-regulated in cells transfected with miR-
96-inhibitor, and up-regulated in cells trans-
fected with miR-96-mimics (Figure 1A). Thus, 
our results confirmed that lentiviral vectors 
were efficient in up-regulating or down-regulat-
ing the endogenous expression level of miR-96 
in RGC-5 cells.

We then examined the effect of changing miR-
96 expression level on RGC-5 cell survival. We 
used a MTT assay and transfected RGC-5 cells 
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with either miR-96-inhibitor or miR-96-mimics.  
For comparison, control RGC-5 cells were trans-
fected with miR-CTRL or without lentiviral trans-
fection (Blank). Cell viability was measured 2, 
4, 6, 12, 24, 48 and 72 hours after transfec-
tion. The results showed that down-regulating 
miR-96 had no effect on RGC-5 cell viability 
(Figure 1B). However, up-regulating miR-96 res- 
ulted in significant decrease in RGC-5 cell via-
bility, starting from 12 hours after transfection 
(Figure 1C).

Upregulation of miR-96 induced RGC-5 apop-
tosis

Since we found that upregulating miR-96 
decreased RGC-5 cell viability, we wondered 
whether it also had effect on RGC-5 cell apop-
tosis. To examine this hypothesis, we transfect-
ed cultured RGC-5 cells with miR-96-mimics to 
up-regulate miR-96 and used a TUNEL assay to 
examine RGC-5 cell apoptosis 24 hours after 
transfection. For comparison, TUNEL assay 
was also applied in RGC-5 cells transfected 
with miR-96-inhibitor or miR-CTRL. The results 
demonstrated that, transfection of lentiviral 
vectors of miR-CTRL or miR-96-inhibitor had 
little effect on RGC-5 cell apoptosis, with little 
or no TUNEL positive cells observed in the cul-
ture (Figure 2A). On the other hand, consider-
able amount of TUNEL positive RGC-5 cells 
were observed in the culture transfection of 
miR-96-mimics (Figure 2A). Quantitative mea-
surement confirmed that the percentage of 
apoptotic cells was significantly higher in RGC-5 
cells with miR-96 up-regulation, as compared 
to the percentages of apoptotic cells in RGC-5 
transfected with lentiviruses containing control 
vector or miR-96-inhibitor (Figure 2B, *: P < 
0.05).

As caspase proteins are often associated with 
apoptosis in retina development, we then ask- 
ed whether the regulation on miR-96 in RGC-5 
would also induce the production of apoptosis-
related caspases. Forty-eight hours after lenti-
viral transfection of miR-CTRL, miR-96-inhibitor 
or miR-96-mimics, RGC-5 cells were lysed and 
western blotting analysis was performed. The 
results showed that, casp-2, casp-3 and casp-9 
were significantly up-regulated in RGC-5 cells 

transfected with miR-96-mimics, as compared 
to the expression levels in cells with miR-CTRL 
or miR-96-inhibitor, while the total proteins of 
RGC-5 cells (indicated by Thy-1 western blot-
ting) were kept unchanged among all cells (Fig- 
ure 2C, *: P < 0.05).

Caspase-2 was involved in miR-96 related 
RGC-5 apoptosis

Finally, we wondered whether caspases were 
directly involved in RGC-5 induced by miR-96 
upregulation. Using online miRNA target predic-
tion software TargetScan (http://www.targets- 
can.org), we found that casp-2 was a possible 
down-stream target of miR-96 in RGC-5 (Figure 
3A). Using a luciferase reporter assay, we con-
firmed that in RGC-5 cells, CASP2 gene was the 
direct target of miR-96 (Figure 3B, *, P < 0.05).

We then used siRNA technology to genetically 
silence CASP2 gene in miR-96 up-regulated 
RGC-5 cells. The specificity of siRNA knock-
down was examined by western blotting. The 
results showed that in miR-96 up-regulated 
RGC-5 cells, CASP2 specific siRNA (CASAP2-
siRNA) significantly reduced the product of 
Casp-2 protein, as compared to the protein 
level in cell treated non-specific siRNA 
(NC-siRNA) (Figure 3C).

After that, we examined the effect of knocking 
down CASP2 gene on miR-96 mediated RGC-5 
apoptosis. We pre-transfected RGC-5 cells with 
either CASP2-siRNA (100 nM) or NC-siRNA (100 
nM) for 24 hours. After washing RGC-5 three 
times with normal cultured medium, we trans-
fected RGC-5 cells with miR-96-mimics for 
another 24 hours to induced apoptosis (as 
shown in Figure 2). Our results showed that, 
significantly less apoptotic RGC-5 cells were 
observed while CASP2 gene was down-regulat-
ed in miR-96 over-expressed RGC-5 cells 
(Figure 3D), suggesting that inhibiting CASP2 
reduced the apoptotic effect induced by miR-
96 upregulation in RGC-5 cells.

Discussions

A sensory organ specific miRNA cluster mi- 
R182/96/183 has been demonstrated to play 

Figure 1. The effects of miR-96 down-regulation and up-regulation on RGC-5 viability. (A) RGC-5 cells were trans-
fected with lentiviral vectors of miR-96 inhibitor, miR-96 mimics, non-specific control miRNA (miR-CTRL), or without 
lentiviral transfection (Blank). Twenty-four hours after transfection, the mRNA expression levels of miR-96 were 
examined by qRT-PCR (*: P < 0.05). Time-dependent cell viability was assessed by MTT assay for RGC-5 cells trans-
fected with miR-96-inhibitor (B), or miR-96-mimics (C). Blank RGC-5 cells, or RGC-5 cells transfected with miR-CTRL 
were also examined (*: P < 0.05, vs. Blank).
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Figure 2. The effects of miR-96 down-regulation 
and up-regulation on RGC-5 apoptosis. RGC-5 
cells were transfected with lentiviral vectors of 
miR-96 inhibitor, miR-96 mimics, or non-specific 
control miRNA (miR-CTRL) for 24 hours. A. TUNEL 
staining (Red) was used to identify the apoptotic 
RGC-5 cells. DAPI staining (Blue) was used to 
identify RGC-5 nuclei. B. Apoptosis was quanti-
fied by estimating the percentage of TUNEL posi-
tive cells against DAPI positive cells (*: P < 0.05). 
C. Apoptosis related caspases, including casp-2, 
casp-3 and casp-9 were examined by western 
blotting analysis 48 hours after transfection. 
Specific RGC marker, Thy-1 was also probed.
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important role in retinal 
development [14, 15]. How- 
ever, the individual miRNA 
of the cluster, miR-182 
seems to be redundant or 
non-functioning in retina 
[16]. In the present study, 
we examined whether miR-
96, another member of the 
miRNA cluster, might have 
functional role in regulat-
ing retinal ganglion precur-
sor cell line RGC-5 cells. 
We discovered that up-reg-
ulating miR-96 had an 
apoptotic effect to induce 
apoptosis and reduce cell 
viability in RGC-5 cells, 
thus highlighting a first 
ever report on the func-
tional role of miR-96 in 
retina.

In the peripheral sensory 
system, miR-96 mutation 
has been show to associ-
ate with nonsyndromic pro-
gressive hearing loss [18, 
19]. Thus, our results of 
miR-96 regulating cell sur-
vival and apoptosis in 
RGC-5 cells are in line with 
those studies, confirming 
the functional role of miR-
96 in sensory system. 
Intriguingly, unlike the pre-
vious study showing muta-
tion of miR-96 in human 
patients did not yield spe-
cific visual impairment 
[18], our report did show a 
non-redundant role of miR-
96 in rat retinal tissues. 
The explanation of the dif-
ference could be two fold. 
First, there might be a spe-
cies difference in term of 
the exact mechanism of 
miR-96 in mammalian sen-
sory systems, as human 
form of miR-96 is redun-
dant and non-functional 
whereas rat miR-96 is 
essential and functional. 
Second, the redundancy of 
miR-96 could be just one 

Figure 3. miR-96 targeted CASP2 gene in RGC-5 apoptosis. A. Online screening 
result from TargetScan showed predicted wild type (WT) 3’UTR binding site of 
CASP2 by miR-96. A mutant (MUT) CASP2 3’UTR was also shown. B. HEK 293T 
cells were transfected with control luciferase plasmid (Luc-Ctrl), luciferase plas-
mid containing mutant CASP2 3’UTR (Luc-CASP2-MUT), or plasmid containing 
wild type CASP2 3’UTR (Luc-CASP2-WT). Luciferase activities were measured 24 
hours after transfection (*: P < 0.05). C. RGC-5 cells were transfected with 100 
nM CASP2 specific siRNA (CASP2-siRNA), or 100 nM non-specific siRNA (NC-siR-
NA) for 24 hours, followed by lentiviral transfection of miR-96-mimics for another 
24 hours. Western blotting was used to measure the protein level of Casp-2 in 
RGC-5 cells. D. TUNEL staining was performed to examine the apoptosis in miR-
96 upregulated RGC-5 cells pre-treated with CASP2-siRNA or NC-siRNA.
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dimensional as mutation (as shown in human), 
or down-regulation of miR-96 (shown in our 
study) had no effect on visual system function, 
whereas up-regulation of miR-96 (also shown in 
our study) is anti-proliferative or pro-apoptotic 
in visual system. Thus, further experiments of 
over-expressing miR-96 in animals in vivo, or 
screening human gene mutation of miR-96 
overexpression would undoubtedly provide 
more information on the underlying mechanism 
of miR-96 regulation in visual system.

Also in the present study, we demonstrated 
that RGC-5 apoptosis was mediated by miR-96 
and associated with caspase activation. We 
also showed that subsequent genetic knocking 
down of CASAP2 gene rescued the apoptotic 
effect of miR-96 overexpression. Inhibition of 
Casp-2 has been demonstrated to protect reti-
nal ganglion from apoptosis [20], and activa-
tions of other caspase proteins have been 
shown to be responsible for retinal degenera-
tion or diabetic retinopathy [21, 22]. Our data 
clearly demonstrated that caspase proteins 
was the direct down-stream targets of miR-96 
regulation in retina, though our conclusive 
results only limited to one caspase protein, 
casp-2. Since our results showed that not only 
Casp-2, but also Casp-3 and Casp-9 were acti-
vated by miR-96 upregulation in RGC-5 cells, it 
would be interesting to investigate the possible 
interactions between miR-96 and other cas-
pase proteins to know if they are also the direct 
targets of miR-96 or indirectly involved through 
Casp-2 activation.

In conclusion, our study revealed a functional 
role of miR-96, possibly through caspase-de- 
pendent apoptosis, in regulating retinal gangli-
on cells. The results may help to develop new 
therapeutic strategies in treating patients with 
retinal disease.
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