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Abstract: Visible light has been previously demonstrated to induce retina damage and retinal ganglion cell (RGC) 
death through the mitochondrial pathway. The Fra-2 gene was detected as a transcriptional regulator, but whether 
it is involved in light-induced retina damage remains unclear. In this study, we investigated the effect of Fra-2 on a 
light-induced mouse retinal damage model and in vitro RGC-5 cells. Tissues lysed and ripped were observed in the 
inner nuclear layer (INL) and the ganglion cell layer (GCL) of the retina after mice were exposed to light for 12 h. Light 
exposure significantly increased the expression of Fra-2 and PARP-1 in a time-dependent manner. Light exposure 
or the up-regulation of Fra-2 significantly increased the apoptosis and decreased the proliferation of RGC-5 cells. 
At the same time, the down-regulation of Fra-2 or NU1025 exposure significantly inhibited light-induced RGC-5 cell 
apoptosis and induced the proliferation of light-induced RGC-5 cells. Light exposure or up-regulation of Fra-2 signifi-
cantly increased the expression of PARP-1 and nuclear AP-1, but the down-regulation of Fra-2 or NU1025 exposure 
significantly attenuated those protein expressions. Those results suggest that Fra-2 is involved in light induced reti-
nal damage and causes cell death by the activation of the PARP-1/AIF signaling pathway. Down-regulation of Fra-2 
might alleviate light-induced retinal damage via inhibiting PARP-1-independent AIF release.
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Introduction

The light-induced retinal damage model is well 
established in retinal degeneration research. 
The pathologic and morphological changes of 
several common degenerative diseases, such 
as age-related macular degeneration and reti-
nitis pigmentosa, are similar to light-induced 
retinal damage [1]. The light-induced retinal da- 
mage model is widely used in research about 
the factors leading to photoreceptor death, in 
the evaluation of retinal degenerative events, 
and in neuroprotective therapies for oxidative 
stress [2, 3]. Light impinging on the retina is 
toxic to retinal cells and induces degeneration 
of cell functions, eventually leading to isch-
emia, glaucoma, and diabetic retinopathy [4]. 
Retinal ganglion cells (RGCs), as the ultimate 
neurons in the retina, play an important role in 
light response, as visual signals collect from 
layers of nerve cells and amacrine cells and 
transfer light into electrochemical signals in the 
brain [5]. Excessive light has been reported to 
enhance the progression and severity of human 
age-related macular degeneration and perhaps 

to induce retinitis pigmentosa [6]. Experimental 
studies have suggested that light exposure 
exerts a negative effect on the survival of RGCs 
and photoreceptors [7, 8]. At the late stages of 
light exposure, in the innermost layer, the reti-
nal vessels overlying the nerve fiber layers drag, 
compress, and sever the RGC axons, finally 
leading to the death of these neurons [9, 10]. 
Therefore, the death of RGCs in the light-
induced retinal damage model is not secondary 
to photoreceptor degeneration, but rather to 
retinal remodeling [1].

Damaging light can be absorbed by the visual 
pigment rhodopsin, creating an intracellular 
death signal that results in the activation of 
AP-1 [11]. The fos-related antigen-2 (far-2) gene 
is a transcriptional regulator that encodes a 
member of the AP-1 family, which is comprised 
of proteins related to the products of two proto-
oncogenes, c-fos and c-jun [12]. The genomic 
and/or cDNA clones of fra-2 have now been iso-
lated for humans, chickens, and mice, and the 
gene structure is evolutionary well conserved, 
as is the encoded protein [13, 14]. In a variety 
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of animal tissues, the fra-2 gene showed high 
expression levels [14]. The fra-2 protein can 
form heterodimeric complexes with the mem-
bers of Jun family, which can bind with high 
affinity to the AP-1 and effect transcriptional 
activation [15]. It was reported that overexpres-
sion of fra-2 results in weak transformation of 
chicken embryo fibroblasts but no transforma-
tion of rat fibroblast lines [16]. In many tumor 
cells, the fra-1, fra-2 and c-Fos proteins are 
capable of activating the transcription of a 
series of genes with a certain degree of speci-
ficity [17]. It suggested that fra-1 and fra-2 are 
involved in the maintenance and progression of 
the transformed state, and that this property is 
unconnected to their similar ability to transacti-
vate a synthetic AP-1 dependent reporter in 
transient transfection assays [18]. 

Poly (ADP-ribose) polymerase 1 (PARP-1), as a 
conservation nuclear enzyme, plays an impor-
tant role in DNA repairing. Under stress condi-
tions, PARP-1 leads to a massive synthesis of 
NAD+ which results in intracellular NAD+ and 
ATP being depleted rapidly. Subsequently, the 
apoptosis inducing factor (AIF) translocates 
from the mitochondria to the cytosol and nucle-
us, and AIF binds with DNA and RNA to induce 
caspase-independent chromatinolysis in the 
nucleus [19, 20]. More recent evidence has 
shown that the apoptosis of RGC-5 cells indu- 
ced by light exposure involved the activation  
of PARP-1 and AIF [21, 22]. NU1025, as a com-
petitive PARP-1 inhibitor, can compete with 
NAD+ and interferes with the activity binding 
site of the enzyme [23]. Therefore, PARP-1 
inhibitors are widely used in disease research 
[24, 25].

In the present study, light-induced mouse reti-
nal damage models were established, and fra- 
2 overexpression or interference vectors were 
transfected to RGC-5 cells. The expressions of 
AP-1 and PARP-2 were used to evaluate the  
cell damage. The aim of the present study was 
to demonstrate the effects of fra-2 on light 
induced retinal damage.

Materials and methods

Animals and light-induced retinal damage 
model

All procedures involving animals adhered to the 
Association for Research in Vision and Ophthal- 

mology statement for the use of animals in oph-
thalmic and vision research. Male mice aged 
6-8 weeks were obtained from the Hubei Pro- 
vincial Center for Disease Control and Preven- 
tion (Hubei, China), and acclimatized in our lab-
oratory for two weeks before the experimental 
manipulation. Mice were reared in cage, with 
dry pellets and intermittent feeding of green 
fodder in a 12:12 h light/dark cycle.

Before the light exposure, 15 mice were dark 
adapted for 24 h and randomly divided into 5 
groups: the control group and 4 light exposure 
groups (6 h, 12 h, 24 h, 36 h), n=3. After pupil 
dilation with compound tropicamide, 12 mice 
were exposed to white light with 2600 lux for 6 
h, 12 h, 24 h and 36 h, respectively. After expo-
sure, all mice were sacrificed, and we gathered 
the eyes for Western blot and hematoxylin-
eosin (HE) staining.

HE staining

Mice were fasted overnight (not less than 12 
hours), and intraperitoneally anesthetized and 
euthanized with sodium pentobarbital at 40 
mg/1000 g weight. The eyes of the mice were 
sampled and placed in 10 ml 10% formalin. Af- 
ter 24 h, the fixative was aspirated and replaced 
with 10 ml 10% formalin and stored at 4°C. The 
tissues were embedded in paraffin wax and 
sections were stained with hematoxylin-eosin.

Western blot

A Western blot analysis was performed to de- 
termine the expression of the fra-2, PARP-1 and 
AP-1 proteins in mouse eyes or RGC-5 cells. 
Tissue or cells were homogenized with a lysis 
buffer and centrifuged at 12000 g for 15 min. 
The protein concentration was determined by a 
BCA kit (Bioswamp, China). Equal amounts of 
protein (30 μg) were separated by 10% SDS-
polyacrylamide gel and then transferred onto 
PVDF membranes (Millipore, Massachusetts, 
USA). The membranes were blocked for 2 h at 
room temperature with 5% skim milk in Tris-
buffered saline (20 mmol/L Tris, 500 mmol/L 
NaCl and 0.05% Tween 20). Subsequently, the 
membranes were incubated with specific anti-
bodies overnight at 4°C, including the mouse 
anti-fra-2 antibody (GM-EP6067, MBL, Japan, 
1:1000 dilution), the mouse anti-PARP-1 anti-
body (PAB12768, Bio-Swamp, China, 1:1000 
dilution), and the mouse anti-AP-1 antibody 
(GW21143, Sigma, USA, 1:2000 dilution). The 
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anti-β-actin antibody (GTX100118, GeneTex, 
USA, 1:10000 dilution) was selected as an 
internal reference. Then, the membranes were 
washed with Tris-buffered saline and incubated 
in secondary antibodies for 2 h at room tem-

perature. Immunoreactivity was visualized by 
colorimetric reaction using an ECL substrate 
buffer (Millipore, Massachusetts, USA). Mem- 
branes were scanned with Gel Doz EZ imager 
(BIO-RAD, USA).

Figure 1. A. HE staining for the evaluation of light-induced retinal injury (400 × magnification). After light exposure 
for 12 h, mouse retina underwent severe destruction and major damage appeared in the inner nuclear (INL) and 
the ganglion cell (GCL) layers, showing tissue lysed and ripped. B. Light exposure induced the expression of fra-2 
and PARP-1 in mice retinas. Bands were quantified using Quantity One 5.0 and the fold changes in each protein to 
β-actin ratio are shown. Data are shown by means ± SD (n=3); **P<0.01 versus CON group. CON: control group; 6 
h: light exposure for 6 h group; 12 h: light exposure for 12 h group; 24 h: light exposure for 24 h group; 36 h: light 
exposure for 36 h group.
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Cell culture and vectors transfection

RGC-5 cells were purchased from American 
Type Culture Collection and were grown in a 
DMEM medium (Invitrogen, China) supplement-
ed with 10% fetal bovine serum, 100 U/ml peni-
cillin, and 100 μg/ml streptomycin in a humidi-
fied atmosphere of 95% air and 5% CO2 at 
37°C. The cells were divided into a control 
group (CON), a fra-2 up-regulation group (Fra-2), 
an empty vector group (EV), a fra-2 down-regu-
lation group (siFra-2), and a negative control 
group (NC). The Fra-2 gene was amplified by 
primers (Fra-2F: 5’-CGTCAATGGGTGGAGTATTT- 
ACGG-3’, Fra-2R: 5’-CGCCTGCAGCTTCTCTGTC- 

the siFra-2 + LE (Fra-2 + NU1025) group, and 
the light exposure + PARP inhibitor group (200 
μM NU1025) (LE + NU1025). The light exposure 
of RGC-5 cells was performed as previously de- 
scribed [26]. A normal culture incubator was 
equipped with two 8-Watt strip-lights that were 
completely covered with 2C UV filters that 
excluded light with a wavelength below 400 
nm. The intensity of the light directed onto the 
cells was determined by using a digital lux 
meter (LX-101; Lutron Electronic, London, UK).

Cell proliferation was measured by an MTT test; 
cell apoptosis was evaluated by an AnnexinV-
FITC/PI (propidium iodide) flow cytometry kit; 

Figure 2. A. The overexpression or interference vector was inserted into RGC-5 
cells and detected by fluorescence microscopy. B. The protein levels of Fra-2 in 
RGC-5 cells after being transfected with a vector. All values are expressed as 
the means ± SD (n=3). **P<0.01 versus CON group. CON: control group; EV: 
empty vector; fra-2: fra-2 overexpression group; NC: negative group; siFra-2: fra-
2 down-regulation group.

AGCTC-3’) and was insert-
ed into the pGPU6/GFP/
Neo vector site to construct 
the overexpression vector 
pGPU6/GFP/Neo-Fra-2; Ne- 
gative control pGPU6/GFP/
Neo-shNC (target sequen- 
ce: GTTCTCCGAACGTGTC- 
ACGT), and fra-2 interfer-
ence vectors pGPU6/GFP/
Neo-siFra-2 (target sequen- 
ce: CTGCGATTGGCTCTCAC- 
TCTGTTTCC), were purcha- 
sed from GenePharma (Chi- 
na). Cells were transfected 
with the plasmid using Li- 
pofectamine 2000 (Invitro- 
gen) according to the man-
ufacturer’s instructions.

Cell proliferation was mea-
sured by MTT test; cell apo- 
ptosis was evaluated by the 
Annexin V-FITC/PI (propidi-
um iodide) flow cytometry 
kit; the protein levels of Fra-
2, PARA-1 and AP-1 were 
evaluated by Western blot; 
the locations of PARP-1 and 
AP-1 in the RGC-5 cells 
were evaluated by immuno- 
fluorescence.

Light exposure

RGC-5 cells were randomly 
divided into 4 groups: the 
control group (CON), the 
light exposure group (LE), 
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the protein levels of PARP-1 and AP-1 were eval-
uated by Western blot.

MTT assay

Cell proliferation was measured using an MTT 
assay. RGC-5 cells were seeded into 96-well 
plates and 20 μl MTT (5 mg/ml, sigma) was 
added to each culture and incubated for 4 to 6 
h. At the end of the incubation period the medi-
um was removed and 150 μl DMSO was added 
to each well. After shaking at low speed for 10 
min, the absorbance of converted dye was 
measured at a wavelength of 490 nm.

Statistical analysis

The statistical differences of the experimental 
data were performed by Dunnett’s one-way 
analysis of variance (ANOVA) using the SPSS 
19.0 software package. Differences were con-
sidered as statistically significant at P<0.05 
and very significant at P<0.01. All results were 
expressed as mean ± SD.

Results

Light exposure induced damage and fra-2 and 
PARP-1 protein expression in mice retinas

Histological analysis showed that mice retinas 
underwent severe destruction after intensive 
light exposure for 12 h. The major damage ap- 
peared in the inner nuclear layer (INL) and the 
ganglion cell layer (GCL), showing tissue lysed 
and ripped. In the control group and light expo-
sure for 6 h group, all layers of the retina were 
attached tightly (Figure 1A).

Compared with the control group, the protein 
levels of fra-2 and PARP-1 were increased sig-
nificantly after light exposure for 12 h (Figure 
1B). The results indicate that light exposure 
induced the expression of the fra-2 and PARP-1 
proteins in the mice retinas.

Fra-2 overexpression or interference vector 
transfects to RGC-5 cells

As shown in Figure 2A, fra-2 overexpression or 
interference vectors were inserted in RGC-5 
cells. Western blot was performed to detect  
the fra-2 protein levels in the RGC-5 cells. The 
results are shown in Figure 2B. Fra-2 expres-
sion significantly increased in the fra-2 group 
and decreased in the siFra-2 group.

PARP-1/AIF signal pathway involved in fra-2 
induced apoptosis of RGC-5 cells

AnnexinV-FITC/PI flow cytometry assay and 
MTT were used to evaluate the proliferation 
and apoptosis of RGC-5 cells. Compared with 
the control group, the apoptosis of RGC-5 cells 
was increased significantly in the fra-2 group 
and decreased significantly in the siFra-2 group 
(Figure 3A). The proliferation of RGC-5 cells in 
the fra-2 overexpression group was lower than 
that of the control group, and the proliferation 
of RGC-5 cells in the siFra-2 group was higher 
than in the control group (Figure 3B).

The protein levels of PARP-1 and AIF were  
evaluated by Western blot, and the results are 
shown in Figure 3C. Compared with the control 
group, the protein levels of PARA-1 in the fra-2 
group were increased significantly. In the fra-2 
group, the protein level of cytosolic AIF in the 
RGC-5 cells was lower than that of the control 
group, and the AIF level in the nuclei was higher 
than that of the control group. We inferred that 
the overexpression of fra-2 induced apoptosis 
of the RGC-5 cells might occur via the activa-
tion of PARP-1/AIF signaling pathway.

Downregulation of fra-2 can inhibit light-in-
duced RGC-5 cell damage

In order to verify whether Fra-2 is involved in 
light-induced damage in RGC-5 cells, The RGC- 
5 cells were divided into a control group, a light 
exposure group, a fra-2 downexpression + light 
exposure group (siFra-2 + LE), and a light ex- 
posure + NU1025 group (LE + NU1025). An 
AnnexinV-FITC/PI flow cytometry assay and 
MTT were used to evaluate the proliferation 
and apoptosis of the RGC-5 cells. Compared 
with the control group, the apoptosis of RGC-5 
cells in the LE group, the siFra-2 + LE group and 
the LE + NU1025 group were increased signifi-
cantly. However, the apoptosis of RGC-5 cells  
in the siFra-2 + LE and LE + NU1025 groups 
were lower than that of the LE group (Figure 
4A). The proliferation of RGC-5 cells in the LE 
group was lower than that of the control group, 
but in the siFra-2 + LE and LE + NU1025 groups, 
the cell proliferation was increased significantly 
(Figure 4B).

As shown in Figure 4C, the PARP-1 protein level 
in the LE group was increased significantly 
compared to the control group. Light exposure 
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markedly induced the AIF to translocate from 
the cytoplasms to the nuclei in the RGC-5 cells, 
which led to caspase-independent chromati-
nolysis in the nucleus. But in the siFra-2 + LE 
and LE + NU1025 groups, the PARP-1 protein 
level was decreased significantly compared 
with the LE group, and the translocation of AIF 
from the cytoplasms to the nuclei in the RGC-5 
cells was decreased significantly.

Discussion

Recently, evidence has clearly demonstrated 
that excessive light has a negative effect on the 
survival of photoreceptors, and, as a conse-
quence, excessive light exposure has been 
thought to promote the severity of human age-
related macular degeneration and to induce 
some forms of retinitis pigmentosa [8, 27]. In 

Figure 3. fra-2 affects the apoptosis and proliferation of RGC-5 cells. A. The percentage of apoptotic RGC-5 cells was 
evaluated by an AnnexinV-FITC/PI flow cytometry assay. B. The proliferation of RGC-5 cells was detected by an MTT 
assay. C. The protein levels of PARP-1and AIF were detected by western blot. Bands were quantified using Quantity 
One 5.0 and the fold changes in each protein to β-actin or Histone 3 ratio are shown. Data are shown by means ± 
SD (n=3); **P<0.01 versus CON group, ##P<0.01 versus Fra-2 group. CON: control group; EV: empty vector; Fra-2: 
Fra-2 overexpression group; NC: negative group; siFra-2: Fra-2 down-regulation group.
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the present study, mice were exposed from 
darkness to light with 2600 lux for 36 h that 
impinged on the retina. Noell et al. recognized 
that light exposure can induce retinal damage 
with a photochemical process leading to the 
generation of reactive oxygen intermediates 
[28]. In this study, light exposure induced se- 
vere retina damage in mice and the up-regula-
tion of fra-2 and PARP-1. Mchenry et al. report-
ed that the overexpression of fra-2 in transgen-
ic mice perturbs normal eye development [29]. 
However, fra-2 is not involved in light-induced 
photoreceptor apoptosis because c-fos is more 
readily activated by light and induces the apop-
totic before fra-2 can have any effect in wild-
type animals [30, 31]. Therefore, we hypothe-
sized that fra-2 might participate in light indu- 
ced retina damage by other signaling pathways, 
such as PARP-1/AIF.

An excessive amount of light exposure can lead 
to the apoptosis of RGCs in rats [7, 32]. Li et al. 
demonstrated that direct exposure to visible 
light causes nuclear DNA damage by activating 
PARP-1 to trigger death in RGC-5 cells [4]. PARP-
1 is well known as nuclear enzyme that repairs 
DNA damage and is extremely sensitive to vari-
ous DNA lesions. The nuclear DNA damage can 
be induced by PARP-1 activation rapidly, and 
the activity of PARP is increased as much as 
500 fold upon binding to breaks in DNA [33, 
34]. In the present study, light exposure and 
overexpressed fra-2 induced the apoptosis and 
inhibited the proliferation of RGC-5 cells. And 
the expression of PARP-1 in RGC-5 cells was 
also increased significantly by light exposure 
and the up-regulation of fra-2. PARP-1 activa-
tion is followed by AIF migration, which is impor-
tant for caspase-independent apoptotic cell 

Figure 4. Down-regulation of Fra-2 al-
leviates light-induced damage in RGC-
5 cells. A. The percentage of apoptotic 
RGC-5 cells was evaluated by an Annex-
inV-FITC/PI flow cytometry assay. B. The 
proliferation of RGC-5 cells was detected 
by an MTT assay. C. The protein levels of 
PARP-1and AIF were detected by Western 
blot. Bands were quantified using Quan-
tity One 5.0 and the fold changes in each 
protein to β-actin or Histone 3 ratio are 
shown. Data are shown by means ± SD 
(n=3); *P<0.05 or **P<0.01 versus CON 
group, ##P<0.01 versus LE group. CON: 
control group; LE: light exposure group; 
siFra-2 + LE: down-regulateFra-2 com-
bines with the light exposure group; LE + 
NU1025: light exposure combines treat-
ment with the PARP-1 inhibitor UN1025 
group.
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death. AIF is involved in caspase-independent 
neuronal cell death by translocating from the 
mitochondria to the cytosol and nucleus. In  
this study, AIF was transferred from the cyto-
plasm to the nucleus by light exposure and 
overexpression Fra-2 in RGC-5 cells. In addi-
tion, the apoptosis of RGC-5 cells was inhibited 
by down-regulating fra-2 or treating with a 
RAPA-1 inhibitor. We inferred that fra-2 knock-
down might play a protective effect on light 
exposure induced cell death by inhibiting the 
AIF transfer to the nucleus thereby blocking 
PARP-1 activation.

AIF is a mitochondrial enzyme anchored in the 
inner membrane of the mitochondrial space 
during normal physiologic conditions. In the 
induction of cell death, AIF migrates to the 
nucleus and interacts with DNA and/or RNA 
which results in caspase-independent chroma-
tin condensation and large-scale DNA fragmen-
tation [35, 36]. In our experiment, we found 
that that down-regulating fra-2 and treatment 
with NU1025, a specific inhibitor of PARP-1, 
was able to partially prevent RGC-5 cell death 
and increase cell proliferation after light expo-
sure compared with the control group. The pro-
cess of inhibiting PARP-1 is associated with 
decreased AIF transfer to the nucleus. These 
results indicate that PARP-1/AIF signaling path-
way is activated by light exposure, and the 
down-regulation of fra-2 might alleviate light 
induced cell death by inhibiting the activation 
of the PARP-1/AIF signaling pathway.

In conclusion, this study indicates that fra-2 is 
involved in light-induced retinal damage and 
causes the cell death by activating the PARP-1/
AIF signaling pathway. The down-regulation of 
fra-2 can alleviate light induced retina damage 
by inhibiting PARP-1-independent AIF release.
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