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Abstract
·AIM: To investigate the acetylcholinesterase (AChE)
expression involved in retina pigment epithelial (RPE)
apoptosis induced by higher concentrations H2O2.

·METHODS: The human retinal pigment epithelium cell
line ARPE-19 was from ATCC (Rockville, MD). Cultured
ARPE -19 cells were treated with H2O2 at 0, 250, 500, 1
000, 2 000滋mol/L and cell viability was measured with
MTT assay. AChE expression and DNA fragments were
analyzed by immunocytochemistry, TUNEL and PARP -1
Western blotting.

·RESULTS: Immunofluorescence detected AChE exist in
the normal human retinal tissue. When H2O2 >500滋mol/L,
AChE expression showed an increase after 2h, and this
concentration was selected for the present study. RPE
cell was induced with 1 000滋mol/L H2O2 for 2h, compared
to the control group, cell activity decline detected by
MTT, AChE and PARP -1 protein expression was
significantly increased detected by Western blotting.

AChE immunofluorescence staining was positive in RPE
cell after H2O2 incubate 2h. In addition, pretreatment with
100滋mol/L epigallocatechin gallate (EGCG), cell viability
increased from 31.20%依3.90% to 70.23%依12.96%.

·CONCLUSION: AChE is weakly expressed in normal
human RPE cells. Stimulation with H2O2 caused the stable
increase of AChE expression in RPE cells, which may
indicate that AChE may be an important role in AMD.

·KEYWORDS: acetylcholinesterase; retina pigment epithelial
cells; oxidative stress; age-related macular degeneration
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INTRODUCTION

A ge-related macular degeneration (AMD) is the most
common cause of severe loss of vision in developed

countries [1-3]. It is characterized by the progressive loss of
central vision and the degeneration of retinal photoreceptors,
retina pigment epithelial (RPE) and Bruch's membrane. The
pathogenesis of AMD, which covers a complex interaction of
genetic and environmental factors, is strongly associated with
chronic oxidative stress that ultimately leads to protein
damage and degeneration of RPE. Specific findings for AMD
include accumulation of intracellular lipofuscin and
extracellular drusen [4-6]. High oxygen tension, exposure to
light, and biochemical events of vision generate significant
oxidative stress in RPE, followed with the degeneration of
retinal photoreceptors and RPE cells[6].
The susceptibility of neural retina and RPE cells to oxidative
damage appears to be a major factor in retinal degeneration.
Oxidative injury to RPE has been thought to play a key role
in AMD [7]. New evidences suggest that oxidative stress may
be a potential inducer of inflammation response in human
RPE cells. The RPE monolayer is at the risk of oxidative
damage owing to its exposure to high levels of visible light
and oxygen in normal conditions. At high concentrations,
H2O2 induces ARPE-19 cell death through a regulated
necrotic pathway with calcium overload as a critical step in
the cell death program [10]. We have also reported that
acetylcholinesterase (AChE) expression is up-regulated
during the apoptosis of cells that originate from non-muscle,
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non-nervous or non-hematopoietic systems, which suggests
that AChE might be a novel regulator of apoptosis. In 1972,
Kerr [12] used a Greek term 'apoptosis' to describe the
morphological depiction of cell death. The loss of vision in
retinal degeneration disease associates with oxidative stress
and apoptosis in RPE cell [13]. Oxidative stress in the RPE is
hypothesized to be a major contributor to the development of
AMD[14].
AChE is encoded by a single gene-ACHE, while three
different isoforms exist: synaptic (S) or tail (T), erythrocytic
(E) and read-through (R) [15]. However, it is becoming clear
that AChE has a range of actions. Its functions have been
identified in apoptosis, stress-responses, neuritogenesis, and
neurodegeneration. Furthermore, these non-classical roles are
attributable not only to the native protein, which acts as a
mediary binding protein under a number of circumstances,
but also to peptides cleaved from AChE can act as
independent signaling molecules [16]. AChE is notably
involved in neuronal stress reactions [17,18]. The effects of
AChE depend on the cell type and cell-differentiation state,
the modulation of expression levels, cellular distribution and
binding with its protein partners [19]. Our researches have
demonstrated that AChE is an important contributor to the
induction of apoptosis in various cell types [20]. Oxidative
stress plays an important role in RPE death during aging and
the development of age-related macular degeneration.
Although early reports indicate that reactive oxygen species
(ROS) including H2O2 can trigger apoptosis at lower
concentrations and necrosis at higher concentrations, the
exact molecular mechanism of AChE involved in RPE
apoptosis is still unclear. We provide evidence to suggest that
the induction of AChE expression during apoptosis is
regulated by the mobilization of intracellular Ca2+ [9]. We
detected that AChE exist in the normal human retina, during
apoptosis, a significant increase in AChE protein level
strongly suggest that AChE play a key role during the
apoptosis of RPE cells.
MATERIALS AND METHODS
Materials Hydrogen peroxide were purchased from
Shanghai Shanghai Academy Biotechnology Research Center
(CASB) Biotechnology. The rabbit polyclonal anti-cleaved
caspase-3 antibody (9661) were purchased from Cell
Signaling Technology (Beverly, MA, USA). The AChE
monoclonal antibody detected endogenous levels of a 68kDa
fragment of human AChE was from BD Biosciences (San
Jose, CA, USA). Rhodamine coupled anti-mouse IgG and
fluorescein isothiocyanate (FITC) coupled anti-rabbit IgG
were from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Cell pellets were suspended in TUNEL reaction
mixture (Roche Diagnostics Corporation Indianapolis, IN,
USA) for 1h and stained with Hoechst33258. Stained cells
were analyzed with a Nikon fluorescence microscope (Nikon
Inc.). epigallocatechin gallate (EGCG) were purchased from
Sigma (St Louis, USA).

Methods
Human eye tissue All studies using human tissues were in
accordance with the tenets of the Declaration of Helsinki and
in accordance with the policies of the institutional review
board for human subjects, and were approved by the Ethics
Committee of Eye Hospital Affiliated Nanchang University,
Normal human eye tissue were obtained from the Cornea and
Ocular Surface Clinic of Eye Hospital Affiliated Nanchang
University.
Oxidative stress of retina pigment epithelial cells The
hRPE cell line, ARPE-19 (ATCC, Manassas, VA, USA),
were cultured in 1:1 DMEM/F12 with 10% fetal bovine
serum, 100U/mL penicillin, and 100mg/mL streptomycin.
Cells were grown at 37℃ in a humidified atmosphere of 95%
air 5% CO2. The cells were passed every 3-4d by digestion
with 0.05% trypsin/0.02% ethylenediaminetetraacetic acid
(EDTA). 10伊105 cells per 10cm dish were seeded for 24h. A
stock concentration of 3% hydrogen peroxide (H2O2,
0.88mol/L) was diluted in the growth media to attain final
concentrations ranging from 0.2 to 10mmol/L. The treated
cells were incubated for 24h. The cytotoxicity was assayed by
mitochondrial function using 3- (4,5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide (MTT) testing. by phase
contrast microscopy and stained with AChE, Hoechst 33258
and TUNEL.
Retina pigment epithelial cells apoptosis RPE Cells were
prepared as described, which were homogenized and
solubilized in ice cold PBS containing protease inhibitors,
phenylmethylsulfonyl fluoride (1mg/L), aprotinin (1mg/L),
leupeptin (1mg/L), pepstatin A (1mg/L) and EDTA (1mmol/L).
The homogenate was centrifuged at 15 000r/min at 4℃ for
10min. The protein content of the supernatants was
determined by the Bradford method. After sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) on
12% linear slab gel, under reducing conditions, separated
proteins were transferred to a polyvinylidene fluoride
(PVDF) membrane. Blot was stained at room temperature
with a 1:100 dilution of monoclonal mouse anti-AChE
antibody (1:400) over night at 4℃ . After washing and
incubation with horseradish peroxidase-conjugated secondary
antibody (1:5 000 dilution), blot was developed using the
enhanced chemiluminescence and analyzed with Western
blot analysis detection system.
Western blot analysis The RPE cells were homogenized by
200滋L of lysis-buffer (20mmol/L Tris, pH 7.4, 150mmol/L
NaCl, 1mmol/LEDTA, 1mmol/L orthovanadate, 1mmol/L
phenylmethylsulfonyl fluoride, 1滋g/mL leupeptin and
10滋g/mL aprotinin) on ice. The protein concentration of the
sample was determined using the Bradford assay. Equal
amounts (50滋g) of proteins from each sample were loaded
on SDS-PAGE and then transferred onto PVDF membrane
(Millipore, USA) at 100mA for 2h. After blocking of
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nonspecific binding sites with 5% skim milk for 1h, the
membrane was incubated with the primary antibodies as the
following dilutions: mouse monoclonal antibody to AChE at
1:200 (Santa Cruz, CA), and rabbit polyclonal antibodies to
PARP-1at 1:200 overnight at 4℃ . Antibody dilutions were
made in a solution of 5% skim milk/0.1% Tris-buffered
saline Tween-20. Then, membranes were washed with TBS
and incubated with horseradish peroxidase (HRP)-conjugated
secondary antibody (Bioss Biotechnology, Beijing, China) in
blocking buffer for 1h at room temperature. After four
washes, the proteins were detected with ECL kit (thermo
fisher, US). 茁-actin staining served as the internal standard
for all membranes.
Double staining of AChE and TUNEL To ensure that the
AChE protein indeed exists in apoptotic cells, we performed
double staining with immunocytochemistry for AChE and
TUNEL reaction for DNA breaks. Briefly, after 20min
fixation at 4℃ with paraformaldehyde solution (3% in PBS,
pH 7.4), harvested cells were washed three times with TBST
[50mmol/L Tris-HCl (pH 7.4), 150mmol/L NaCl, 0.1%
Tween]. The cells were incubated with 1mL of Blocking
buffer (5.5% Normal Goat Serum in TBST) for 45min and
then incubated with 100滋L primary antibody (1:100 dilution
in TBST containing 2% BSA) for 24h at 4℃ . Following
incubation, the cells were washed and incubated with 100滋L
of secondary antibody (1:100 dilution, rhodamine conjugated
anti-mouse IgG-R, Santa Cruz, CA, USA) for 60min at 37℃
in the dark. The cells were then washed and re-suspended in
a permeabilization solution (0.1% Triton X-100 in 0.1%
sodium citrate) for 2min on ice. After washing, the pellet was
re-suspended in 50滋L TUNEL reaction mixture (Roche) and
incubated for 60min at 37℃ in the dark. The labeled cells
were then washed, transferred onto glass slides, and observed
under a fluorescence microscope (OLYMPUS).
Statistical Analysis All experiments were repeated at least
three times, Data are expressed as the mean 依SEM of four
replicate samples. The results were analyzed by Student's
unpaired -test, to determine the significant difference
between means, or by two-way ANOVA followed by a
least-significance procedure, to determine the significance of
the response. <0.05 was considered significant.
RESULTS
AChE Exists in Normal Retinal Tissue Human (Eye
Hospital Affiliated Nanchang University donors) was fixed
and made the paraffin sections (5滋m). 4',6-diamidino-2-
phenylindole (DAPI) and AChE immunofluorescence
staining (Figure 1), AChE immunofluorescence is green, and
AChE exists in the cytoplasm of the RPE cells, DAPI
specificity in the nucleus.

ARPE -19 Cells Lines Biological
Characteristics An inverted phase contrast morphological
changes of human RPE cells under the microscope before

and after the injury induced by H2O2. Normal human RPE
cells are the main cell body long spindle-shaped or triangular
opaque cells blurring. After being induced with 250滋mol/L
H2O2 for 2h, no cellular morphology change was observed.
However, after being incubated with 500滋mol/L H2O2 for 2h,
with the elevated concentrations of H2O2, there is cell
fragmentation, floating and death (Figure 2A). The visible
cell number reduced compare to control group (Figure 2B).
MTT Assay of H2O2 on the Growth Of Human Retina
Pigment Epithelial Cells 1 000滋mol/L H2O2 for 2h can
significantly inhibit the growth of ARPE-19 Cell, A value of
490nm wavelength filter measured calculated inhibition rates,
namely: cell inhibition rate= (A value of the control group-
experimental group A value)/A value of the control group伊
100% , compared with the control group, 250滋mol/L
500滋mol/L 1 000滋mol/L 2 000滋mol/L is lower, the difference
was statistically significant (Figure 3), <0.05.
AChE Expression in H2O2 -Triggered Apoptotic Retina
Pigment Epithelial Cells H2O2 (1 000滋mol/L) treatment
can induce apoptosis of RPE cells by increasing ROS levels[21].
We treated RPE cells with H2O2 (1 000滋mol/L) for 2h, Leika
confocal microscope photograph shows the normal growth of
RPE cells HoChest 33258 staining positive, AChE
immunofluorescence and TUNEL staining negative.
However, TUNEL and AChE immunofluorescence staining
in H2O2 group is positive (Figure 3). These data suggested
that the expression of AChE was induced in apoptotic cells,
means that H2O2 (1 000滋mol/L) treated for 2h can induce
RPE cell apoptosis with the AChE expression, proved that
AChE may play a key role in the apoptosis of human RPE
cells.
H2O2 Induces AChE Expression in Human RPE Cells
Western blotting results showed a weak AChE bands in
normal control group, indicating that AChE protein was

Figure 1 HE and AChE immunofluorescence staining in
normal human retina tissue HE staining of human retina (A),
AChE immunofluorescence is green, DAPI specificity in the nucleus
(blue) is merged (400伊).

Acetylcholinesterase express in apoptotic retina pigment epithelial cells
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Figure 2 The time and concentration dose of RPE cell treated by H2O2 Detect the RPE cells viability MTT assay and the result
shows that: treated concentration are shown at A (0, 500, 1 000, 2 000滋mol/L), with the increase concentration of H2O2, the cell survive rate
decrease, as well as treated time at B (0, 60, 120min) when the H2O2 concentration is 1 000滋mol/L, 120min has the high rate about 50%, a <0.05.

Figure 3 Induction apoptosis of RPE cells treated with H2O2 by morphology and TUNEL Control group (a,d), after 2h following
H2O2 (1 000滋mol/L) , these is cell fragmentation, floating and death (b,e), 2h following H2O2 (1 000滋mol/L) and 100滋mol/L EGCG (c, f)
pre-treatment, cell number is more (A). The HoChest 33258 staining is positive, AChE immunofluorescence and TUNEL staining is negative
in control group. HoChest 33258, AChE immunofluorescence and TUNEL all positive staining in H2O2(1 000滋mol/L) group 400伊(C).

slightly expressed in normal human RPE cells. After 2h, the
expression of AChE was slightly enhanced in 500滋mol/L
H2O2 group and significantly enhanced in 1 000滋mol/L H2O2

group. The cleavage of PARP was found starting at 2h after
treatment (Figure 4A). Calculate the relative integral value of
A, as the relative expression level of AChE protein. The
statistical analysis of the results showed that the relative
integral. A comparison of AChE expression in 500滋mol/L

H2O2 group, 1 000滋mol/L group and control group, AChE
relative expression increased significantly, the differences
were statistically significant (Figure 4B).
DISCUSSION
It was demonstrated that the apoptosis of ARPE-19 cells
induced with low concentration of H2O2 was related to the
activation of caspase-3, while the apoptosis of ARPE-19 cells
at high concentration of H2O2 was mediated by calcium
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Figure 4 After different concentrations of H2O2 incubated for 2h, the AChE protein is detected by western blot (A) With the
higher concentration of H2O2, cleaved-PARP, AChE and beta-actin Western blot, cleaved-PARP, AChE protein show an increase trend. (B)
Western blot gray value quantitative is analyzed (ImageJ software), a <0.05, statistically significant.

overload [10,22]. We observed that RPE cells were tolerant of
low concentration H2O2 in a short time; nevertheless,
prolonged treatment increased the death of RPE cells. On the
other hand, we found that H2O2 would cause a massive cell
apoptosis at concentrations over 500滋mol/L for 2h. Moreover,
we confirmed that necrosis of ARPE-19 cells induced with
high concentrations H2O2 was a regular process. We
supported our standpoint by pretreatment of ARPE-19 cells
with antioxidant EGCG to attenuate the H2O2-induced injury.
Therefore, H2O2 may induce the destruction of RPE cells in
AMD by the combined effects of apoptosis and necrosis.
It has been reported that AChE is slightly expressed in
normal RPE cells, however, our study firstly showed that the
AChE expression was upregulated in the H2O2-induced
apoptosis of RPE cells, furthermore,with the increase of H2O2

concentration, AChE expression varied accordingly,
However, the exact apoptotic pathways involved in the
AChE-mediated apoptosis remain to be further elucidated.
High concentration of H2O2 affects the expression, as well as
the function of intracellular enzymes [29-31]. After being treated
with 1 000滋mol/L H2O2 for 2h, RPE cells were performed
with TUNEL staining. The results indicated that H2O2 caused
the apoptosis of RPE cells. At the same time, AChE and
PARP-1 (poly ADP-ribose polymerase) were significantly
up-regulated, which indicated that AChE was involved in
apoptosis of ARPE-19 cells. PARP, which is activated by
oxidative stress generated from DNA strand braid break,
plays an important role in protecting RPE cells from high
oxygen tension [32]. From what is mentioned above we can
reach the conclusion that AChE involved in the process of
ARPE-19 cell necrosis. However, more investigations are
requested to clarify the AChE regulatory mechanisms
involved in apoptosis of RPE cells.
An increasing number of studies have shown that the
occurrence of AMD correlates with the functional
impairment of RPE cells [6]. We have confirmed that AChE is
slightly expressed in normal human retina, and the expression
level is up-regulated during the apoptosis of RPE cells.
Therefore, we can reach a conclusion that AChE may be an
important factor in the genesis of AMD.

AChE inhibitors such as Tacrine, Donepezil have been
widely used in the clinical treatment of Alzheimer's disease
(AD). The mechanism is to increase the amount of ACh at
receptor sites. Besides, there seems to be other mechanisms
for donepezil to take effect, including the interaction with
some specific peptides, neurotransmitter receptors, and Ca2+

channels. High concentration H2O2 mainly induced the
calcium overload and the consequent necrosis of RPE cells.
From this we learn that AChE inhibitors may take effect via
Ca2+ channels to suppress the apoptosis of RPE cells and then
to slow down the process of AMD, which provides us with a
new therapeutic target for AMD and a new research aspect of
cell protection.
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