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Western blot analysis: We plated the ARPE-19 cells into six-
well plates (150,000 cells/ml). To evaluate the expression of
CB1 and CB2 receptors and FAAH, we treated the cells with
200 uM H20s in serum-free and phenol-free DMEM and F12
medium for 24 h. As for the expression of PI3K/Akt and
ERK1/2 protein, the cells were pretreated with or without
1 uM CP55,940 for 15 min and then exposed to 200 uM
H,O: for 24 h. After the treatment, the cells were rinsed twice
with ice-cold PBS, then scraped into cell lysis buffer and
centrifuged at 13400x g for 10 min at4 °C. Protein levels were
determined using the bicinchoninic acid (BCA) protein assay
(Pierce). Next, 15 pg of total protein were solubilized in 2%
sodium dodecyl sulfate (SDS) sample buffer, separated on
10% SDS-polyacrylamide gel by electrophoresis (SDS—
PAGE) and transferred to nitrocellulose membranes by
electroblotting. The blots were washed in Tris-buffered saline
containing 0.1% Tween-20 and 5% nonfat dairy milk, and
incubated in antibodies to 1:1000 dilution of rabbit polyclonal
CBI1 and CB2 receptors antibodies (Abcam), 1:1,000 dilution
of mouse polyclonal FAAH antibody (Abcam), 1:3,000
dilution of rabbit polyclonal PI3K/Akt and ERK1/2 antibodies
(Cell Signaling Technology, Beverly, MA), and 1:10,000
dilution of mouse monoclonal GAPDH antibody (Cell
Signaling Technology) at 4 °C overnight. Blots were washed
three times, incubated with 1:3,000 horseradish peroxidase
(HRP)-conjugated goat anti-rabbit IgG (Pierce) or 1:20,000
HRP-conjugated goat anti-mouse IgG (Pierce) and developed
using chemiluminescence  (SuperSignal West Pico
Luminescent; Pierce) according to the manufacturer’s
instructions.

Statistical analysis: Data were presented as the mean
t+standard error of the mean (SEM) of the results of two or
three separate experiments, as specified in the figure legends.
Data were analyzed using ANOVA or a Student’s ¢-test with
the SPSS software. A p-value <0.05 was considered
significant.

RESULTS

Effect of H:0: on ARPE-19 cell viability: The MTT assay for
cell viability was used to quantify the ARPE-19 cell cytotoxic
response to H»0,. H.O, produced a progressive, cytotoxic
effect in the ARPE-19 cells, beginning at a dose of 100 uM,
with 5.7% cytotoxicity and reaching a maximum toxicity at
77.5% damaged cells measured at 500 uM after 24 h of
incubation (p<0.05; Figure 1). The results indicate that
treating ARPE-19 cells with H,O: for 24 h caused a dose-
dependent decrease in their viability with the half maximal
inhibitory concentration (ICso) of 200 uM.

Expression of and changes in cannabinoid receptors and
FAAH in RPE cells: As Figure 2A shows, real time RT-PCR
revealed primary human RPE cells expressed CB1, CB2, and
FAAH mRNA. ARPE-19 cells were treated with 200 pM
H,O; for 24 h, and the changes in CBI, CB2, and FAAH
mRNA expression were determined by quantitative RT-PCR.
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The results showed that H,O-treated ARPE-19 cells had a
7.02 fold increased CBI mRNA expression, a 5.68 fold
increased CB2 mRNA expression, and a 35.7 fold decreased
FAAH mRNA expression, compared to untreated cells (Figure
2B). Consistent with the results of RT-PCR, CB1 and CB2
protein expression increased and FAAH protein expression
decreased in 200 pM H,O: -treated ARPE-19 cells (Figure
2C). Similar results were obtained with immunofluorescence
assays (Figure 2D).

CP55,940 attenuates H,O:-induced cytotoxicity and ROS
generation in ARPE-19 cells: As Figure 3A shows, 200 uM
H>0: (24 h) induced a significant (42%) decrease in ARPE-19

Figure 2. Expression of CBI, CB2, and FAAH mRNA in human
primary RPE cells and changes of CBI, CB2, FAAH mRNA and
protein expression in 200 uM H20:-treated ARPE-19 cells compared
to untreated ones. A: Expression of CBI, CB2, and FAAH mRNA
expression in human primary RPE cells assayed by real time RT—
PCR method. B: Changes of CBI, CB2, and FAAH mRNA
expression in ARPE-19 cells assayed by real time RT-PCR method.
Asterisk (*) represents the correlation significant at the p<0.05 level
and suggest a significant increase or decrease in mRNA expression
as compared to control group. C: Changes of CBI, CB2, and FAAH
protein expression in ARPE-19 cells assayed by western blot method.
D: Changes of CBI, CB2 protein expression in ARPE-19 cells
demonstrated by immunofluorescent staining.
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cell viability. Pretreating ARPE-19 cells with CP55,940 for
15 min significantly protected them against H»O,-induced
toxicity at concentrations of 0.1, 0.3, and 1 pM, with,
respectively, 88%, 98%, and almost 100% of the control.
Treatment with H>O: at 200 uM for 24 h induced a significant
increase in intracellular ROS, approximately 1.7 times
compared to the control. Pretreatment with 1 uM CP55,940
for 15 min significantly inhibited ROS generation (23%
reduction; Figure 3B). ARPE-19 cells treated with 0,0.01, 0.1,
and 1 uM CP55,940 alone showed no significant effect on
viability compared to the untreated control cells.
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Figure 3. CP55,940 attenuates H202-induced cytotoxicity and ROS
generation. A: Protective effects of CP55,940 on H>0»-induced
decrease in cell viability measured by the MTT assay. Cells were
pretreated with 0—1 uM CP55,940 for 15 min before exposure to 200
uM H2O:> for 24 h, and cell viability was measured by MTT assay.
Asterisk (*) the correlation significant at the p<0.05 level and suggest
a significant increase in cell viability as compared to H20»-treated
group. B: Protective effects of CP55,940 on H202-induced increase
in intracellular ROS in ARPE-19 cells. Cells were pretreated with 0—
1 uM CP55,940 for 15 min before exposure to 200 pM H20: for 24
h, and intracellular ROS was measured by the DCF-DA assay.
Aterisk (*) represents the correlation significant at the p<0.05 level
and suggest a significant decrease in intracellular ROS generation as
compared to H20»-treated group.
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CP55,940 enhanced H>O:x-induced activation of PI3K/Akt
and reduced activation of ERK1/2: To address the potential
role of PI3K/Akt in mediating CP55,940 protection of
ARPE-19 cells from oxidative injury, we assessed
phosphorylation of PI3K/Akt by western blot analysis. The
results showed that PI3K/Akt is activated by H,O». Pretreating
ARPE-19 cells with 1 uM CP55,940 followed by 200 uM
H>0» enhanced PI3K/Akt activity compared to cells treated
with 200 uM H.O: alone (Figure 4A). LY 294002, a specific
inhibitor of PI3K/Akt, was used to block PI3K/Akt activation.
ARPE-19 cells were pretreated with 20 uM LY 294002 for 15
min in the presence or absence of CP55,940, followed by an
H>Os challenge for 24 h. As Figure 4B shows, inhibition of
PI3K/Akt abrogated CP55,940 protection of ARPE-19 cells
from oxidative injury.

U0126, a specific inhibitor for the ERK1/2 pathway, was

used to evaluate whether ERK1/2 is involved in H>O»-induced
ARPE-19 cell oxidative damage. ARPE-19 cells were
pretreated with the selective inhibitor for ERK1/2 before
exposure to H.O», and cell viability levels were determined.
Viability levels increased significantly in the presence of
20 uM UO0126 (Figure 4C). Because of that, their
phosphorylated ERK1/2 (p-ERK1/2) level was examined by
western blot analysis, which showed that ERK1/2 was
activated by H,O»; pretreating ARPE-19 cells with CP55,940
reduced p-ERK1/2 activity, compared to cells treated with
H>0» alone (Figure 4A).
CB2 receptor agonist attenuates H>Ox-induced cytotoxicity in
ARPE-19 cells: As Figure 5 shows, pretreating ARPE-19 cells
with JWHO15, a CB2 receptor agonist, for 15 min resulted in
a significant protection against H»O:-induced toxicity at
concentrations of 0.1, 1, 5, and 10 uM, with, respectively,
62%, 68%, 86%, and 95% of the control. Pretreatment with
CBI1 receptor agonist (AECA) for 15 min showed no
cytoprotective effect (Figure 5).

DISCUSSION

To the best of our knowledge, this is the first demonstration
of the presence of CB1, CB2, and FAAH in human RPE cells,
which play a key role in ARMD initiation and development.
Plenty of evidence in the previous literature suggests that
oxidative stress is a contributing factor to RPE dysfunction in
ARMD [33]. The results led us to further analyze the
cannabinoid receptors and FAAH expression changes in RPE
cells induced by oxidative stress. Most studies have used
human RPE cells as the in vitro study model of ARMD, either
primary or cell line. One of the drawbacks of using primary
RPE cells is that it provides a limited number of cells and may
lack a consistent cellular background. The ARPE-19 cell line
overcomes this problem while maintaining the morphological
and functional characteristics of primary cells. In addition,
ARPE-19 cells respond to oxidative stress (H»O., media
starvation, etc.) in a fashion similar to that of primary cultured
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human RPE cells. Therefore, we have used the ARPE-19 cell
line for most of our studies. H.O2 added to the culture medium
was used as a chemical oxidant. This agent is convenient and
biologically relevant, especially for the RPE cells. H,O» has
been found in ocular tissues in vivo [34] and can be produced
by the RPE cells as a reactive oxygen intermediate during
photoreceptor outer segment phagocytosis [35]. For these
reasons, we selected H.O: for our studies and performed a
series of dose response assays to determine the working
concentration that led to a consistent and reliable cytotoxicity.

By using real-time RT-PCR and the western blot method,
we showed that oxidative stress can upregulate CB/ and CB2
receptor expression and downregulate FAAH expression in a
cell model of ARMD. These results agree with a previous
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Figure 4. CP55,940 modulates phosphorylation of PI3K/Akt and
ERK1/2. A: Representative western blot analysis shows that 1 pM
CP55,940 enhanced H202-induced activation of p-PI3K/Akt and
reduced activation of p-ERK1/2 in ARPE-19 cells. B: Protective
effects of PI3K/Akt inhibitor (LY294002) on H202-induced decrease
in cell viability measured by the MTT assay. ARPE-19 cells were
pretreated with or without 20 pM LY294002 for 15 min in the
presence or absence of 1 uM CP55,940 before exposure to 200 uM
H20s for 24 h. Asterisk (*) represents the correlation significant at
the p<0.05 level and suggest a significant increase in cell viability as
compared to H2Ox-treated group. Hash mark (#) represents the
correlation significant at the p<0.05 level and suggest a significant
decrease in cell viability as compared to CP55,940+H20;-treated
group. C: Protective effects of selective ERK1/2 inhibitor (U0126)
on H20z-induced decrease in cell viability measured by the MTT
assay. ARPE-19 cells were pretreated with 20 pM U0126 for 15 min
before exposure to 200 uM H20z for 24 h Asterisk (*) represents the
correlation significant at the p<0.05 level and suggest a significant
decrease in cell viability as compared to control group. Asteriks and
hash mark (#) represents the correlation significant at the p<0.05
level and suggest a significant increase in cell viability as compared
to H20»-treated group. Data are expressed as mean+=SEM of results
in three separate experiments, each experiment performed in
duplicate.
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comparative analytical study, which showed that
endocannabinoids (AEA) increased in the retina from human
ARMD eyes [27]. As a lipid soluble substance, AEA cannot
be stored in vesicles; and therefore it is synthesized on demand
and travels, in a retrograde direction, across the postsynaptic
membrane to the presynaptic membrane, where it activates
presynaptic CB1 and CB2 receptors [36]. After cellular
uptake, AEA is degraded via the enzyme FAAH [14].
Variation of ECS also can be observed in other
neurodegenerative disorders, such as Parkinson disease,
Alzheimer disease, and multiple sclerosis [2,37,38]. The
variation of ECS may be an endogenous response to maintain
endocannabinoid homeostasis and regulate the pathologic
function of neuron cells [39,40]. In line with the
endocannabinoid homeostasis theory, there are now several
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Figure 5. JWHOI15, but not ACEA, attenuates H>O»-induced
cytotoxicity. A: Inhibition of H202-induced decrease in ARPE-19
cell viability by JWHO15. ARPE-19 cells were pretreated with 0—10
uM JWHO15 for 15 min before exposure to 200 uM H2O: for 24 h,
and their viability was measured by the MTT assay. Asterisk (*)
represents the correlation significant at the p<0.05 level and suggest
a significant increase in cell viability as compared to H2O»-treated
group. B: ACEA showed no significant effect on H202-induced
decrease in cell viability. ARPE-19 cells were pretreated with 0—10
uM ACEA for 15 min before exposure to 200 pM H202 for 24 h, and
their viability was measured by MTT assay.
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examples of the successful use of ECS-directed drugs used to
alleviate the clinical symptoms of neurodegenerative diseases
in animal models [2,41,42]. These results suggest that
cannabinoid receptors may be potential targets for therapeutic
interventions for ARMD.

We also introduced CP55,940, which is a nonselective
CB1/CB2 receptor agonist in oxidative stress-induced RPE
cellular damage. We found that CP55,940 protected ARPE-19
cells from oxidative stress-induced cell damage and
intracellular ROS generation in a dose-dependent way with
excellent efficacy. We further explored whether CP55,940
induced cytoprotective signaling pathways while rescuing
RPE cells from oxidative damage. The PI3K/Akt- and
ERK1/2-mediated survival signal pathways had been
suggested to protect RPE cells from oxidative stress [43,44].
We therefore addressed whether CP55,940 could modulate
PI3K/Akt and ERK1/2 pathways, and found that CP55,940
could enhance H»O:-induced activation of PI3K/Akt and
reduce the activation of the ERK1/2 pathway. We further
investigated whether the selective activation of CB1 or CB2
receptor could protect RPE cells from oxidative stress induced
damage. We used a cell viability assay to determine viability
in cells treated with H>O,. We demonstrated that CB2 receptor
agonist, but not CB1 receptor agonist, significantly protected
human RPE cells from oxidative stress. Several studies have
shown CBI1 receptor activation to mediate neuroprotection,
but this is not a universal finding [45,46]. This neuroprotective
effect could be related to different cell types and pathological
conditions.

In conclusion, we demonstrated the expression of CB1
and CB2 receptors and FAAH in human RPE cells, and their
changes in oxidative stress conditions. The RPE cells perform
vital functions for safeguarding photoreceptor cells against
oxidative stress and are involved in the pathogenesis of
ARMD [47]. These findings open up the attractive possibility
that a correlation exists between endocannabinoid
homeostasis and the onset of ARMD. However, as we observe
inhibition, rather than the more usual stimulation, of ERK
signaling, the involvement of receptors other than CB1 as well
as CB2 in the effects of CP55,940 or JWHO15 cannot be
excluded. More studies using siRNA or specific CB1 and CB2
receptor antagonists should be performed to examine whether
manipulating the levels of cannabinoid receptors could be a
novel pharmacological approach to treat ARMD in the future.
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