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Abstract: To explore the role of apoptosis inducing factor (AIF) in the apoptosis of retinal pigment epithelium (RPE) cells induced by oxidative 
stress. RPE cell apoptotic models were constructed by H2O2, Annexin V/PI flow cytometry and MTT assay were used to determine the changes 
of RPE cell apoptosis and proliferation. The production of reactive oxygen species (ROS) and mitochondrial membrane potential were observed. 
QRT-PCR and western blot were used to determine the expression of AIF to evaluate whether AIF-mediated non caspase pathway participated in 
the RPE cell apoptosis induced by H2O2. After adding melatonin, the production of ROS, RPE apoptotic rate and the changes of AIF expression 
were also detected. The production of ROS and apoptotic rate of RPE cells increased with the increase of H2O2 concentration and treating time. 
The expression of AIF increased evidently in cytoplasm, while not in mitochondria. After intervention with melatonin, the production of ROS 
was inhibited and the apoptotic rate decreased. However, the expression of AIF was not inhibited correspondingly. AIF may participate in but not 
be dominant in the process of RPE cell apoptosis induced by oxidative stress.

Key words: Apoptosis inducing factor, retinal pigment epithelium, mitochondria, melatonin, apoptosis.

Introduction

Age-related macular degeneration (AMD) is a pro-
gressive degenerative eye disease that causes painless 
loss of central vision in those aged 55 years-old or over 
(1). It is characterized by the appearance of drusen in 
the macula, accompanied by choroidal neovasculariza-
tion (CNV) or geographic atrophy (2). It is a disease 
normally associated with the elderly, and is therefore 
a growing problem worldwide. The retinal pigment 
epithelium (RPE) maintains the choriocapillaris in 
the normal eye and is involved in the pathogenesis of 
CNV in age-related macular degeneration (3, 4). RPE 
arises from neuroectoderm and plays a key role in sup-
port of photoreceptor functions (5). RPE cells possess 
the potential to trans-differentiate into myofibroblasts 
after stimulation with transforming growth factor beta 
(TGF-β) and are implicated in the pathogenesis of pro-
liferative vitreoretinopathy (6). The production of extra-
cellular matrix material (ECM) by RPE may influence 
or mediate some of the many important functions of this 
tissue (7). ECM in vitro which was located between the 
basal surface of the RPE and the culture plate (8). Ab-
normal ECM caused the changes of capillary behavior 
in choroid membranes of RPE and ultimately resulted in 
the atrophy of retina and RPE, and the growth of CNV 
(9).

High levels of apoptosis in RPE cells was observed 
in oxidative stress and blue light damage models. Apop-
tosis is a type of cell death whose morphological appea-
rance relies on the activation of caspase-family cysteine 
proteases. Mitochondria play a major role in apoptosis 
triggered by many stimuli (10). High level overexpres-
sion of the anti-apoptotic protein Bcl-2 prevented Bax 
redistribution to the mitochondria, caspase activation 
and apoptosis following exposure to staurosporine or 
etoposide (11). Recent studies found a pathway, apop-
tosis inducing factor (AIF), which is independent of 

caspase pathway. AIF is a phylogenetically ancient mi-
tochondrial intermembrane flavoprotein endowed with 
the unique capacity to induce caspase-independent pe-
ripheral chromatin condensation and large-scale DNA 
fragmentation (12). It is ubiquitously expressed, both in 
normal tissues and in a variety of cancer cell lines. Stu-
dies showed AIF played a key role in the apoptosis of a 
variety of retinal cells (13). However, the role of AIF-
mediated caspase-independent pathway in the apoptosis 
of RPE cells induced by reactive oxygen species (ROS) 
is still unknown. Therefore, further study on AIF is ne-
cessary.

Melatonin, produced by the pineal gland at night, has 
a role in regulation of the sleep-wake cycle (14). Recent 
studies showed that melatonin counteracted mitochon-
drial oxidative stress and increased the activity of the 
mitochondrial oxidative phosphorylation (OXPHOS) 
enzymes both in vivo and in vitro (15). Here, melatonin 
was used as a key antioxidant to inhibit oxidative da-
mage and apoptosis. In our study, we aimed to explore 
the role of AIF in the apoptosis of RPE cells.

Materials and Methods

Cell culture 
Human retinal pigment epithelial (RPE) cell line 

CRL2302 (Rock- ville, MD, USA), which was storaged 
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in -80°C liquid nitrogen, was recovered, inoculated, 
cultured and digested to obtain RPE single cell suspen-
sion. The cells were routinely cultured in DMEM/F12 
supplemented with 10% heat-inactivated fetal bovine 
serum, 100 U/mL penicillin and 100 μg/mL streptomy-
cin in a humidified cell incubator with an atmosphere of 
5% CO2 at 37°C. Cells growing at an exponential rate 
were used for the follow-up experiments.

Cell proliferation detection
RPE cells were seeded in 96-well culture plates with 

2.5 × 104 cells every hole (100 μL) and cultured for 
72 hours. Cells were treated with DMEM/F12 medium 
with 10% fetal bovine serum, serum-free DMEM/F12 
medium, serum-free DMEM/F12 medium with various 
concentrations of H2O2 (0, 500, 1000 or 1500 µM) for 
12, 24 or 48 hours, respectively. Then cells were added 
20 μL MTT (5 mg/ml PBS stock solution) every hole 
and incubated for another 4 hours, the liquid culture was 
aspirated off and 150 μL dimethylsulfoxide (DMSO) 
every hole was added. The absorbances were recorded 
at 590 nm. Each experiment was repeated three separate 
times.

Mitochondrial membrane potential detection
RPE cells were treated with serum-free DMEM/F12 

medium with various concentrations of H2O2 (0, 500, 
1000 or 1500 µM) for 12, 24 or 48 hours, respectively. 
Cells were digested to obtain RPE single cell suspen-
sion and added rhodamine 123 (10µg·mL-1), incubated 
for another 30 minutes, then washed twice with PBS, 
and then examined by flow cytometry (Dako Cytoma-
tion, Glostrup, Denmark) assay.

Reactive oxygen species (ROS) detection
When RPE cells, initially seeded onto slides within 

culture dishes, reached 80% confluence, culture me-
dium was removed, cells were washed twice with PBS 
and then cultured in serum-free DMEM/F12 medium 
with various concentrations of H2O2 (0, 500, 1000 or 
1500 µM) and melatonin (0 or 100 µM, Sigma USA). 
After incubation for 2 hours, cells were washed twice 
with PBS, treated for 1 hour with 2 nM 2,7-dichloro-
dihydrofluorescein diacetate (H2DCFDA, Fluka, St. 
Paul, MN, USA) and 500 nM MitoTracker Red CM-
H2XRos (MTR; Molecular Probes, Eugene, OR, USA), 
then washed twice with PBS, and examined by fluores-
cent microscope (AxioVert S100, Zeiss, Exposure time: 
500ms). 

Apoptosis detection
RPE cells were washed twice with PBS, and serum-

free DMEM/F12 medium, containing H2O2 (0 or 1000 
µM) and melatonin (0 or 100 µM) was added. The num-
ber of apoptotic cells was determined 24 or 48 hours 
posttreatment, using Annexin V / Propidium iodide 
(Molecular Probes, Eugene, OR, USA) flow cytometry 

assay. 

AIF detection
When RPE cells reached 80% confluence, culture 

medium was removed, cells were washed twice with 
PBS and then cultured in serum-free DMEM/F12 me-
dium with various concentrations of H2O2 (0, 500, 1000 
or 1500 µM) . After incubation for another 9 hours, 
culture medium was removed, cells were washed twice 
with PBS again and PCR was performed to detect AIF 
mRNA. Primers used in the study were listed in Table 1. 

RPE cells were cultured in serum-free DMEM/F12 
medium with various concentrations of H2O2 (0, 500 or 
1000 µM). After incubation for 3, 9 or 24 hours, cellular 
cytoplasm and mitochondria were separated according 
Bio Vision Mitochondria/Cytosol Fractionation Kit 
(Biovision, USA). Western-blot was performed to eva-
luate AIF protein, using monoclonal AIF antibody (Cell 
Signaling TECHNOLOGY, USA).

RPE cells were cultured in serum-free DMEM/F12 
medium with various concentrations of H2O2 (0, 1000 
µM) and melatonin (0 or 100 µM) for 3 or 9 hours, PCR 
was performed to detect AIF mRNA. Cellular cytoplasm 
and mitochondria were separated and Western-blot was 
performed to evaluate AIF protein. 

Statistics analysis
Differences within groups in all assays were tested 

by ANOVA and Dunnett’s t-test. P values less than 0.05 
were considered statistically significant. The statisti-
cal analysis was implemented by SPSS 19.0 software 
(SPSS Inc., Chicago, IL, USA). All experiments were 
repeated three times.

Results

Cell proliferation was inhibited by H2O2
The proliferation of RPE cells was determined by 

MTT assay. As Figure 1A showed, the A value de-
creased gradually with the increase of H2O2 concen-
tration, and the inhibition of H2O2 on cell proliferation 
was enhanced over time under the same H2O2 concen-
tration. Moreover, the results of ROS staining showed 
green fluorescence intensity, which represented ROS, 
was enhanced with the increase of H2O2 concentration 
(Figure 2). Most of green fluorescence and red fluores-
cence were coincide, which indicated mitochondria was 
the main part that producing ROS in cells.
 
Mitochondrial membrane potential changed by H2O2

The results of mitochondrial membrane potential de-
tection showed the fluorescence intensity of rhodamine 
123 had no obvious changes after treated with various 
concentrations of H2O2 (500, 1000 or 1500 µM) H2O2 
for 12 or 24 hours, but it increased significantly after 
treated with H2O2  for 48 hours. (Figure 1B). 

Nucleotide sequences Length
AIF F: 5’-ATAGACTCAGATTTTGGTGGCTTCC-3’

R: 5’-CCAGTCATATTTTCTCCAGCCAATC-3’
450 bp

GAPDH F: 5’-ACCACAGTCCATGCCATCAC-3’
R: 5’-TCCACCACCCTGTTGCTGTA-3’

173 bp

Table 1. Primes in the study.
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Melatonin reduced RPE cell apoptosis
The RPE cell apoptotic rate increased with treating 

time increased. The apoptotic rate in 1000 µM H2O2 and 
100 µM melatonin group was significantly lower than 
that in 1000 µM H2O2 group (p<0.05, Figure 5A).

H2O2 influenced the level of AIF 
The level of AIF-mRNA in 500 µM H2O2 and 1000 

Melatonin reduced ROS
100 µM melatonin could evidently inhibit the pro-

duction of ROS in RPE cells induced by 500, 1000 and 
1500 µM H2O2. It indicated melatonin could reduce oxi-
dative stress induced by H2O2 in the models (Figure 4).

Figure 1. A. The proliferation of RPE cells after treating with DMEM/F12 culture solution containing 10% fetal bovine serum, DMEM/F12 
without serum, DMEM/F12 culture solution containing 10% fetal bovine serum and 500 µmol/L, 1000 µmol/L and 1500µmol/L H2O2 for 12, 
24 and 48h, respectively. * P<0.05 and **P<0.01, compared with the control, the value in 500 µmol/L, 1000 µmol/L and 1500µmol/L H2O2 group 
had statistical differences. # P<0.05 and ##P<0.01, compared with RPE cells treated for 12h and 24h in each group, the vaule in 48 had statistical 
differences. B. The fluorescence intensity of rhodamine 123 in RPE cells after treating with 500 µmol/L, 1000 µmol/L and 1500µmol/L H2O2 
for 12, 24 and 48h. C: The apoptosis situation of RPE cells after treating with 500 µmol/L, 1000 µmol/L and 1500µmol/L H2O2 for 24 and 48h. 

Figure 2. The changes of fluorescence intensity in the control, 500 
µmol/L, 1000 µmol/L and 1500µmol/L H2O2 group by ROS stai-
ning. 

Figure 4. The production of ROS in RPE cells after treating 
with 500µmol/L H2O2, 1000µmol/L H2O2 a, 1500 µmol/L H2O2, 

500 µmol/L H2O2 + 100µmol/L melatonin, 1000 µmol/L H2O2 + 
100µmol/L melatonin and 1500 µmol/L H2O2 + 100µmol/L mela-
tonin for 24h, respectively. 

Figure 3. A. The mRNA level of AIF in RPE cells after treating 
with 0, 500, 1000 and 1500 µmol/L H2O2 for 24h. **P<0.01, com-
pared with the control, the relative mRNA level of AIF in 500 and 
1000 µmol/L group had statistical differences. B. The protein ex-
pression of AIF in RPE cells after treating with 0, 500, 1000 and 
1500 µmol/L H2O2 for 3h, 9h and 24h. 
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µM H2O2 group was significantly higher than that in 
the control. The level in 1500 µM H2O2 group was the 
lowest (Figure 3A). The protein expression of AIF in 
the control was low and focused on the mitochondria. 
The expression of AIF in cytoplasm increased when 
H2O2 concentration increased from 500 µM to 1000 µM, 
while the expression value in mitochondria increased in 
500 µM H2O2 group and decreased in 1000 µM H2O2 
group. Moreover, the expression value of AIF in cyto-
plasm increased with the increase of treating time, while 
the value in mitochondria had no obvious changes (Fi-
gure 3B). 

Melatonin influenced the level of AIF
The mRNA level of AIF in 1000 µM H2O2 + 100 µM 

melatonin group for 3 hours and 1000 µM H2O2 + 100 
µM melatonin group for 9 hours group were significant-
ly higher than that in 1000 µM H2O2 group for 3 hours 
and 1000 µM H2O2 group for 9 hours, respectively. 
Moreover, the level increased when the time increased 
from 3 to 9 hours (Figure 5B). The protein expression 
of AIF after treating with 100 µM melatonin was much 
higher than that in the related control group. At early 
stage, the level of AIF increased mainly in cytoplasm. 
The expression of AIF increased both in cytoplasm and 
mitochondria with treating time of 9 hours (Figure 5C).

Discussion

Oxidative damage and inflammation are postula-
ted to be involved in age-related macular degeneration 
(AMD) (16,17). The free radical theory proposes that 
ageing is the cumulative result of oxidative damage to 
the cells and tissues of the body that arises primarily 
as a result of aerobic metabolism (18). RPE cells were 
located between photoreceptor cell layer and choroid 
blood capillary layer. It could produce high concentra-
tion of oxygen free radicals and therefore the oxidative 

damage of RPE cells was appeared firstly in a lot of 
eye diseases. Oxidative stress is believed to contribute 
to the pathogenesis of many diseases, including AMD 
(19). Therefore, we selected H2O2 oxidative stress to 
induce RPE apoptosis. Mitochondria were rich in RPE 
cells and the changes of mitochondria function played a 
key role in metabolism of RPE cells. Chronic adminis-
tration of MPTP is associated with evidence of apop-
totic cell death in the substantia nigra (20). Rh123 is a 
cell-permeable dye that localizes to the mitochondrial 
lumen when the inner membrane is hyperpolarized (21). 
Rh123, which can bind specifically to mitochondria, has 
been used in numerous investigations to estimate MMP 
with some modifications (22). Our study showed Rh123 
fluorescence intensity increased with the increase of 
H2O2 concentration. The number of necrotic cells were 
too much in 1500 µM H2O2 group which influenced the 
results and the value was lower than that in 1000 µM 
H2O2 group. Annexin V/PI double dye combining with 
flow cytometry showed the percent of apoptotic cells 
increased with the increase of treating time by H2O2. 
Those indicated H2O2 could effectively cause oxidative 
damage in RPE cells and resulted in the apoptosis of 
RPE cells. The production of ROS in mitochondria in-
creased greatly under the induction of oxidation revul-
sant H2O2 and resulted in the apoptosis of RPE cells.

AIF is a mitochondrial flavoprotein, which translo-
cates to the nucleus during apoptosis and causes chro-
matin condensation and large scale DNA fragmentation 
(23). Our results showed the levels of AIF in 500 µM 
H2O2 and 1000 µM H2O2 groups were markedly higher 
than the control, but the level in 1500 µM H2O2 group 
was low. It might be high RPE cell death rate due to 
high concentration of H2O2 decreased the synthesis of 
AIF. We found when RPE cell apoptosis was induced 
by H2O2, the synthesis of AIF precursor protein in cyto-
plasm increased and then located in mitochondria beco-
ming mature molecular, after that, the mature AIF mole-

Figure 5. A. The apoptotic rate of RPE cells after treating 1000 µmol/L H2O2 and 1000 µmol/L H2O2 + 100µmol/L melatonin for 24h and 48h 
by flow cytometry. **P<0.01, compared with 24h in 000 µmol/L H2O2 and 1000 µmol/L H2O2 + 100µmol/L melatonin group, the value in 48 had 
statistical differences. B. The relative mRNA level of AIF in the control for 3h and 9h, 1000 µmol/L H2O2 for 3h and 9h, and 1000 µmol/L H2O2 
+ 100µmol/L melatonin for 3h and 9h. **P<0.01, compared with the control for 3h and 9h, the value in 1000 µmol/L H2O2 for 3h and 9h, and 
1000 µmol/L H2O2 + 100µmol/L melatonin for 3h and 9h had statistical differences. ##P < 0.01, compared with 1000 µmol/L H2O2 for 3h and 9h, 
the value in 1000 µmol/L H2O2 + 100µmol/L melatonin for 3h and 9h had statistical differences. C. The protein expression of AIF in the control, 
1000 µmol/L H2O2 for 3h and 9h, and 1000 µmol/L H2O2 + 100µmol/L melatonin for 3h and 9h. 1: the control; 2: 1000 µmol/L H2O2 for 3h; 3: 
1000 µmol/L H2O2 for 9h; 4: 1000 µmol/L H2O2 + 100µmol/L melatonin for 3h; 5: 1000 µmol/L H2O2 + 100µmol/L melatonin for 9h.
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cular entered into cytoplasm again from mitochondria. 
From the results of AIF, we concluded the changes of 
AIF expression in RPE apoptotic process induced by 
H2O2 participated in the apoptosis of RPE apoptosis. 

Melatonin, or N-acetyl-5-methoxytryptamine, is a 
compound derived from tryptophan that is found in all 
organisms from unicells to vertebrates (24). melatonin 
can inhibit the release of mitochondria cytochrome C 
and show protective effect on caspase pathway apop-
tosis in mitochondria (25,26). The protection of mela-
tonin on apoptotic RPE models induced by H2O2 had 
been proved in our study and it could evidently reduce 
the apoptosis of RPE cells. However, the expression of 
AIF in mitochondria and cytoplasm increased. It indi-
cated melatonin had no obvious inhibition on AIF. This 
reflected AIF might be not dominating in the RPE cells 
apoptosis induced by oxidative stress. The mechanism 
about melatonin influencing the expression of AIF and 
the effect on RPE cell apoptosis need further research.

In conclusion, the apoptosis in RPE cells induced by 
H2O2 contained both Caspase pathway(27) and AIF-me-
diated non-Caspase pathway. Melatonin can obviously 
decrease Caspase pathway apoptosis(26,27) and RPE 
cell apoptosis as a whole, but showed no obvious effect 
on the production and release of AIF. Therefore, AIF-
mediated non-Caspase pathway may participate in but 
not be dominant in the process of RPE cell apoptosis in 
oxidative stress.
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