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Melatonin partially protects 661W cells from H,O,-induced death

by inhibiting Fas/FasL.-caspase-3

Aida Sanchez-Bretaiio,' Kenkichi Baba,! Uzair Janjua,! Ilaria Piano,'? Claudia Gargini,? Gianluca Tosini!

!Department of Pharmacology and Neuroscience Institute, Morehouse School of Medicine, Atlanta, GA, *Dipartimento di
Farmacia, Universita di Pisa, Pisa, Italy

Purpose: Previous studies have shown that melatonin (MEL) signaling is involved in the modulation of photoreceptor
viability during aging. Recent work by our laboratory suggested that MEL may protect cones by modulating the Fas/
FasL-caspase-3 pathway. In this study, we first investigated the presence of MEL receptors (MT, and MT,) in 661W
cells, then whether MEL can prevent H,O,-induced cell death, and last, through which pathway MEL confers protection.
Methods: The mRNA and proteins of the MEL receptors were detected with quantitative PCR (q-PCR) and immunocyto-
chemistry, respectively. To test the protective effect of MEL, 661W cells were treated with H,O, for 2 h in the presence or
absence of MEL, a MEL agonist, and an antagonist. To study the pathways involved in H,O,—mediated cell death, a Fas/
FasL antagonist was used before the exposure to H,O,. Finally, Fas/FasL and caspase-3 mRNA was analyzed with ¢—PCR
and immunocytochemistry in cells treated with H,0, and/or MEL. Cell viability was analyzed by using Trypan Blue.
Results: Both MEL receptors (MT, and MT,) were detected at the mRNA and protein levels in 661W cells. MEL partially
prevented H,O,-mediated cell death (20-25%). This effect was replicated with IIK7 (a melatonin receptor agonist) when
used at a concentration of 1 uM. Preincubation with luzindole (a melatonin receptor antagonist) blocked MEL protection.
Kp7-6, an antagonist of Fas/FasL, blocked cell death caused by H,0, similarly to what was observed for MEL. Fas,
FasL, and caspase-3 expression was increased in cells treated with H,0,, and this effect was prevented by MEL. Finally,
MEL treatment partially prevented the activation of caspase-3 caused by H,0,.

Conclusions: The results demonstrate that MEL receptors are present and functional in 661W cells. MEL can prevent

photoreceptor cell death induced by H,O, via the inhibition of the proapoptotic pathway Fas/FasL-caspase-3.

Retinal melatonin (MEL) is synthetized by the photo-
receptors of many vertebrate species [1,2], and the levels
of this neurohormone are high during the night and low
(or undetectable) during the day. MEL exerts its actions
mainly via the activation of two G protein-coupled recep-
tors (GPCRs) known as MT, and MT, [3-7], which are both
present in the retina [8-11]. In photoreceptor cells, MT, and
MT, form heterodimers that modulate visual processing and
sensitivity [8]. Additional studies have also shown that MEL
may protect photoreceptors from oxidative stress [12] and can
prevent photoreceptor degeneration [13,14]. A recent study
reported that MEL signaling via MEL receptors can partially
prevent photoreceptor death (rods and cones) during aging,
possibly by decreasing the activation of the apoptotic pathway
involving Fas signaling [15].

In recent years, the 661W cells (a cone-like photore-
ceptor cell line) originally developed by Al-Ubaidi [16] have
gained significant recognition as a useful model for studying
photoreceptor cell biology [17-21]. Using this cell line,
several investigations have partially elucidated the molecular
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mechanisms underlying photoreceptor cell metabolism
[20-22] and photoreceptor cell death following light exposure
[23-27] or oxidative stress [28-30].

In this study, to gain a better understanding of the
mechanisms by which melatonin can protect photorecep-
tors, we first investigated whether MEL could prevent cell
death induced by oxidative stress in 661W cells, and then
we investigated the molecular mechanisms by which MEL
may prevent cell death. The data showed that 661W cells may
represent a good model for studying melatonin signaling in
photoreceptors and the mechanisms underlying the action of
melatonin in the modulation of photoreceptor death.

METHODS

Cell culture: The 661W photoreceptor cells were provided
by Dr. Muayyad Al-Ubaidi (University of Oklahoma Health
Sciences Center). The genetic profile of the cells was estab-
lished by IDEXX Bioresearch (Columbia, MO). Nine short
tandem repeat (STR) loci including a gender determining
locus were analyzed. To ensure the identity of the cell line
as a cone-like cell line, western blot for cone-arrestin, blue
opsin and red/green opsin were performed using HEK293
cells as a negative control for the markers. Results obtained
are shown in the Appendix 1. Cells were grown in Dulbecco’s
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Modified Eagle’s medium (DMEM; Gibco, Life Technolo-
gies, Carlsbad, CA) supplemented with fetal bovine serum
(Gibco) and 1% penicillin/streptomycin, at 37 °C ina 95% O,
and 5% CO, humidified atmosphere. In most assays, we used
cultures seeded in a 75 mm flask at a concentration of 1 x
10° cells in a volume of 10 ml growth media and expanded to
approximately 50% to 90%, depending on the experiment. In
the immunocytochemistry experiments, the cells were seeded
in sterile glass chamber slides and left to expand to 50%. All
experimental procedures were performed in accordance with
the NIH Guide on Care and Use of Laboratory Animals and
were approved by the Morehouse School of Medicine Animal
Care and Use Committee.

Drug stock preparation: Hydrogen peroxide 30% was diluted
in DMEM to reach working concentrations. MEL (8 mg/
ml; Sigma, St. Louis, MO) stock solutions were prepared in
absolute ethanol and then diluted to the working concentra-
tion in DMEM. Luzindole (LUZ; 10 mM; Tocris, Ellisville,
MO), ITIK7 (30 mg/ml; Sigma), and Kp7—6 (90 mM; Fisher
Scientific, Suwanee, GA) stock solutions were prepared in
dimethyl sulfoxide (DMSO) and diluted to working solutions
in DMEM.

Immunocytochemistry: The cells were directly washed
in PBS (1X; KC1 2.67 mM, KH,PO, 1.47 mM, NaCl 139.9
mM, Na,HPO,, 8,1 mM, pH 7.4) and fixed in cold acetone
for 2 min. Once the cells were fixed, they were washed in
PBS twice for 10 min and incubated in BLOXALL (Vector
Laboratories, Burlingame, CA) to block endogenous peroxi-
dases and phosphatases for 10 min. Then, samples were
treated with a biotin, streptavidin blocking kit (Vector
Laboratories), washed twice with PBS for 10 min, blocked
with PBS containing 0.02% Triton and 5% of bovine serum
albumin (1 h at room temperature), and incubated with the
primary antibodies MT, and MT, (1:200; Alomone Labs,
Jerusalem, Israel) for 3 h at room temperature or cleaved
caspase-3 (1:400; Cell Signaling, Danvers, MA) overnight
at 4 °C. After incubation with the primary antibodies, the
samples were washed three times in PBS and subsequently
incubated with the secondary biotinylated goat anti-rabbit
immunoglobulin G (IgG; 1:200; Vector Laboratories) for 1
h at room temperature. Then after two washes in PBS, the
samples were incubated in streptavidin DyLight® 488 (1:100;
Vector Laboratories) for 30 min at room temperature. After
washing in PBS, the samples were incubated with propidium
iodide (1:5,000) for 5 min. Finally, after washing twice in
PBS, the chambers were detached from the slide and mounted
with Vectashield mounting medium (Vector Laboratories).
The slides were examined with a confocal microscope (Zeiss
LSM700; Gottingen, Germany). Images were processed with
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Zeiss Cell software. Micrographs were generated in TIFF
format and adjusted linearly for light and contrast before
being assembled on plates using Adobe Photoshop CS6 (San
Jose, CA). Nuclei size was analyzed by using the Cell Profiler
software. To validate the MT, and MT, receptor antibodies, a
secondary antibody control was used (avoiding the incubation
with the primary antibody), as well as an absorption control
(by preincubating the antibody with its specific blocking
peptide).

Detection of MT, and MT, mRNA: RNA extraction (TRI®
Reagent method, DNase treatment (Promega, Madison, W1),
cDNA synthesis, and conventional PCR (One Step SYBR®
PrimeScript™ RT-PCR kit I1, Takara, Mountain View, CA)
reactions were performed following the manufacturers’
instructions. A quantity of 200 ng of RNA was used to
perform the one-step PCR reactions that were developed
in a final volume of 50 pl. The resulting PCR product (the
expected sizes are 137 and 222 bp for MT, and MT,, respec-
tively) was run in an agarose 1.5% Tris- Acetate-EDTA buffer
(TAE) gel and visualized by using an EZ-Vision kit (Amresco,
VWR, Solon, OH) in an ultraviolet (UV) transilluminator.

Cell viability test: Cell viability was tested by using Trypan
Blue. When the cells reached 90% confluence, they were
treated with the vehicle, H,0, (0.1, 1, or 10 mM), MEL (100
or 1,000 nM), ITK7 (10 or 1,000 nM), or a combination of the
two for 2 h. After that time point, the cells were detached
from the dish with a cell scraper and mixed with Trypan
Blue in a 1:2 dilution (final concentration of Trypan Blue of
0.2%) to count viable and non-viable cells in an open field
microscope using a Neubauer chamber (Horsham, PA). For
the experiments where antagonists were used, LUZ (0.1, 1
and 10 pM) or Kp7-6 (1 mM) was added to the plates 15 min
before the addition of MEL (100 nM) and/or H,0O, (1 mM).

Gene expression analysis: Gene expression (Fas, FasL, and
caspase-3) was measured with qPCR in cells that were treated
with vehicle, MEL (100 or 1,000 nM), and/or H,O, (1 mM)
for 2 h. The /8S gene was used as a reference gene. Specific
primers (Invitrogen, Camarillo, CA) and Gene Data Bank
reference numbers are shown in Table 1. RNA extraction
(TRI® Reagent method, DNase treatment (Promega), cDNA
synthesis, and real-time PCR reactions (iTag™ SYBR®
Green Supermix in a CFX96TM Real-Time System; Bio-Rad
Laboratories, Hercules, CA) were performed following the
manufacturers’ instructions with minor modifications.
Total RNA (1 ng) was retrotranscribed and PCR reactions
were developed in a final volume of 10 pl (1 pl of cDNA
per sample). PCR conditions were 10 min at 95 °C, and 40
cycles consisting of 5 s at 95 °C and 30 s at 60 °C. Calibration
curves were made with serial dilutions of cDNA, exhibiting
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TABLE 1. ACCESSION NUMBERS OF THE GENES AND PRIMERS SEQUENCES EMPLOYED IN QUANTITATIVE RT-PCR STUDIES.

Target gene  Accession number Strand Primer sequences 5’ — 3’ Product (bp)
NM 001284409.1: Forward GGGCGTGTTTCTGTTTTGTT
Caspase-3 - ’ 138
NM_009810.3 Reverse TTGAGGTAGCTGCACTGTGG
Fus NM 010177.4; Forward GGTCAGTTTTTCCCTGTCCA 13
as. -
NM_001205243.1 Reverse CAGTGGGAGTGGTTGTGATG
e NM 007987.2; Forward AGGCGGGTTCGTGAAACTGA 81
as -
NM_001146708.1 Reverse GGTTGGCATGGTTGACAGCA
Forward GAGCTGCTCAATGCCACTCA
MT, NM_008639.2 137
Reverse ACAGGATGACCAGCAGGTTG
Forward GCGCACCTTGTGCATCTATC
MT, NM 145712.2 222
Reverse GATGACAAGCAGGTTCCCCA
Forward CTCTGTTCCGCCTAGTCCTG
188 KO01365.1 123
Reverse GGCCGTGCGTACTTAGACAT

The two accession numbers in Caspase-3, FasL and Fas genes correspond with different splicing variants.

efficiencies around 100%. The specificity of the amplifica-
tions was ensured with melting curves. The relative mRNA
expression was determined with the AACt method [31].

Statistical analysis: A one-way ANOVA followed by the
post hoc Student—Newman—Keuls (SNK) test was performed
for data from the viability, nuclei size, and gene expression
experiments. A p value of less than 0.05 was considered
statistically significant on all tests. Results are shown as the
mean =+ standard error of the mean (SEM).

RESULTS
MT, and MT, receptors are present in 661W cells: To

detérmine whether 661W cells express melatonin recep-
tors, we first amplified the MT, and MT, transcripts from
RNA obtained from the 661W cells (Figure 1), and then we
performed immunochemistry with the previously validated
MT, and MT, antibodies. From the data obtained with RT—
PCR, we consistently detected MT, and MT, immunoreac-

tivity in the 661W cells (Figure 1).

MEL increases cell viability following H,0, treatment: Cell
viability in 661W cells was significantly reduced in a concen-
tration-dependent manner after 2 h treatment with H,O, at the
concentrations of 1 and 10 mM (Figure 2A). Cotreatment with
MEL (100 or 1,000 nM) partially prevented (around 20%) the
cell death caused by H,O, (Figure 2B). When the 661W cells
were preincubated with LUZ at 0.1, 1, and 10 uM, the protec-
tion observed with MEL disappeared gradually (Figure 2C).
Cotreatment with IIK7 at a concentration of 10 nM (Figure
2D) did not reduce the rate of cell death, whereas cotreatment
of IIK7 at a concentration of 1,000 nM reduced cell death in a
comparable amount to that observed with MEL (Figure 2D).

MEL prevents the activation of the Fas/FasL-caspase-3
pathway following H,O, treatment: The activation of the
Fas/FasL-caspase-3 pathway was investigated to determine
the mechanisms by which MEL protects 661W cells from
death induced by H,O,. Blockage of Fas with a Fas/FasL
antagonist (Kp7-6) partially prevented 661W cell death after
H,O, treatment (Figure 3) in a similar manner to what was
observed with MEL.

The 2 h treatment with H O, induced the gene expression
of Fas, FasL, and caspase-3 (Figure 4A). MEL cotreatment
(100 or 1,000 nM) partially returned the expression of the
three genes studied to basal levels (Figure 4A). The effect of
melatonin was blocked in a concentration-dependent manner
when the cells were previously treated with LUZ (0.1-10 pM;
Figure 4B). Treatment with IIK7 (1,000 nM) was as effec-
tive as treatment with MEL in reducing the mRNA levels
for the Fas, FasL, and caspase-3 transcripts following H,O,
treatment, whereas treatment with the 10 nM concentration
had no effect on the Fas, FasL, and caspase-3 mRNA levels
(Figure 4C). Treatment for 2 h with H,O, (1 mM) increased
the signal of cleaved caspase-3, and such an increase was
partially abolished by MEL (100 nM; Figure 5). In addition,
shrinkage of the nuclei in the cells treated with H,O, in the
absence or presence of MEL was detected (Figure 5), with a
size around 70% smaller than the cells treated with vehicle or
MEL (data not shown).

DISCUSSION

Previous investigations have reported that administration
of exogenous melatonin can delay photoreceptor loss in a
mouse model of retinitis pigmentosa [13,32] and may also
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slow down the progression of photoreceptor loss in patients
affected by age-related macular degeneration [33]. However,
it is unclear whether the protective action of melatonin on the
photoreceptor is due to the direct action of melatonin as an
antioxidant [12] or whether this protective action is mediated
by melatonin’s GPCRs [7].

A recent study conducted by our laboratory reported that
MEL signaling may play an important role in the protection
of photoreceptor viability during aging. Mice lacking mela-
tonin receptors (MT, or MT),) show a significant reduction in
the number of photoreceptors during aging [14,15]. Interest-
ingly, we observed that the number of cones in mice lacking
melatonin receptors is reduced by about 30% at 18 months of
age with respect to age-matched controls [15]. The protec-
tive action of MEL on the photoreceptor seems to involve the
modulation of the Fas/FasL pathway [15].

In this study, we investigated the molecular mechanism
by which melatonin signaling may protect cones using 661W

© 2017 Molecular Vision

cells, a well-established cell line used by many laboratories
to study photoreceptor biology [17-21]. The present study data
showed that 661W cells express MT, and MT, receptors and
activation of these receptors by MEL partially protects these
cells from oxidative stress (Figure 2). The protective effect
of MEL on cell death was concentration dependent and was
abolished in the presence of LUZ (MT, and MT, antagonist).
The fact that IIK7 replicates the effects obtained with MEL
further indicated that the protective action of MEL on these
cells is mediated by its GPCRs. We have previously shown
that IIK7 is specific for MT, at a concentration of 50 nM,
whereas at higher concentration (5 pM) this agonist can also
activate MT, [8]. The present results indicate that IIK7 does
not produce a significant effect at a concentration in which
only MT, receptors are activated, whereas at a concentration
where both receptors are activated, [IK7 produces a similar

effect to MEL (Figure 2 and Figure 3). This result suggests

Ladder MT,

pres
ke

MT,

300
200

100

137 bp 222 bp

MT1
blocking peptide

Control

MT2

blocking peptide

Figure 1. MEL receptor type 1 (MT)) and melatonin receptor type 2 (MT,) in 661W cells. The top left panel shows MT, and MT, RNA
expression. Ladder=100 bp. MT, and MT, immunoreactivity (green) was detected in 661W cells. Secondary antibody control without a
primary antibody (the bottom left panel) and absorption control using a blocking peptide (the bottom center and right panels) were performed.

Cell nuclei are shown in red. Scale bar=100 pm.
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Figure 2. H,0,-induced cell death is
partially rescued by MEL and IIK7.
A: Cell viability after 2 h of treat-
ment with H,O,. Asterisks indicate
a significant effect H,O,-inducing
cell death (one-way ANOVA and
the Student-Newman—Keuls (SNK)
test; p<0.05). B: Cell viability after
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2 h of treatment with melatonin
(MEL) and/or H,0,. Asterisks
indicate a significant effect of
MEL preventing H,0,-induced
death (one-way ANOVA and the
Student—-Newman—Keuls (SNK)
test; p<0.05). C: Cell viability after
pretreatment with luzindole (LUZ),
a melatonin antagonist, after 2 h of
treatment with MEL and/or H,0,.

1 1
100 100
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Asterisks indicate significant

10 1000 differences compared to the control

group (treated only with vehicle; one-way ANOVA and the SNK test; p<0.05). D: Cell viability after 2 h of treatment with I[IK7 and/or H,0O,.
Asterisk indicates a significant effect of IIK7, which protects the cells from death (one-way ANOVA and the SNK test; p<0.05). In all the
cases, results are shown as mean + standard error of the mean (SEM; n=6).

that in 661W cells, MT, and MT, may also heterodimerize as
seen in mouse photoreceptors [8].

Treatment with H O, is a widely used protocol for
studying oxidative stress—induced cell death in a variety of
cell lines [34-37]. For 661W cells, previous studies used H,O,
as a model to mimic the oxidative stress damage common
in photoreceptor cells [22,28-30,38]. The concentration of
H,0, used in these experiments (1 mM) has been previously
reported to increase cell death in 661W cells at different
incubation durations [22,28,30]. In addition, in many of these
studies, H,O, treatment results in activation of apoptosis
[22,28-30,38].

The activation of the Fas/FasL pathway has been previ-
ously linked with photoreceptor death [26,39-41]. Along
with the progression of different eye diseases, such as retinal
detachment or age-related macular degeneration, it has been
reported that several proapoptotic factors, including the
Fas/FasL pathways (which are mainly in the photoreceptors
and the RPE) are activated [39,41]. This activation has been
described as a consequence of an increase in the levels of
oxidative stress in the retina [26,41]. The presence of Fas
on the cell surface of 661W cells has been demonstrated,
along with the involvement of Fas in light-induced cell death
[26]. Interestingly, previous studies have shown that in
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Cell viability (%)
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Kp7-6 (mM) =
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Figure 3. Cell viability is affected by H,O, via activation of the
Fas/FasL pathway. Viability of cells pretreated with Kp7—-6, a Fas/
FasL antagonist, or vehicle and treated for 2 h with or without H,O,.
Results shown as mean =+ standard error of the mean (SEM; n=5).
Asterisk indicates significant effect of Kp7—6 preventing cell death
caused by H,0, (one-way ANOVA and the Student-Newman-Keuls
(SNK) test; p<0.001).
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Figure 4. Fas/FasL-caspase-3 pathway is responsible for H,0,-induced cell death, and MEL blocks the activation of this pathway. A: Gene
expression levels of Fas, FasL, and caspase-3 after 2 h of treatment with H,O, and/or melatonin (MEL). Asterisk indicates significant
effect of MEL preventing Fas/FasL-caspase-3 pathway activation (one-way ANOVA and the Student—-Newman—Keuls (SNK) test; p<0.05).
B: Gene expression levels of Fas, FasL, and caspase-3 of cells pretreated with luzindole (LUZ) after 2 h of treatment with MEL and/or
H,0,. Asterisks indicate a significant effect of a LUZ-blocking MEL-protective effect (one-way ANOVA and SNK test; p<0.05). C: Gene
expression levels of Fas, FasL, and caspase-3 after 2 h of treatment with IIK7 and/or H,O,. Asterisk indicates a significant effect of I1K7
preventing Fas/FasL-caspase-3 pathway activation (one-way ANOVA and the SNK test; p<0.05). In all the cases, results shown as mean +
standard error of the mean (SEM; n=6).
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response to FasL, 661W cells exhibited specific changes in
the morphology of the cells considered markers of apoptosis,
including shrinkage and loss of cellular adhesion and cyto-
plasmic condensation. We also observed this phenotype in the
present study experiments after 2 h of H,O, treatment, as can
be partially detected in Figure 5, where the size and compact-
ness of the cells are modified in the H,O,-treated group,
compared with the control cells and the cells treated with
MEL only or with MEL and H,O,. Furthermore, the same
study showed that the activation of the Fas/FasL pathway in
661W cells leads to the subsequent activation of caspase-3
[26], which is a result that also agrees with our observations.
Our results indicate that MEL (via its associated receptors)
can partially protect photoreceptor cells against oxidative
stress damage by inhibiting the activation of Fas/FasL and
thus prevents caspase-3-mediated cell death.

In conclusion, the present study shows that activation of
melatonin signaling via its associated receptors can protect
photoreceptor cells against oxidative stress via modulation

© 2017 Molecular Vision

of the Fas/FasL pathway. These data expand our previous
study by demonstrating that melatonin acting via its asso-
ciated receptors may represent a useful tool for protecting
photoreceptor (cones) cells against oxidative stress and thus
increase the viability of these cells during aging. Finally, the
present study also indicates that 661W cells may represent a
very important new tool for studying melatonin signaling in
photoreceptors and possibly the mechanisms by which MT,
and MT, form heterodimers.

APPENDIX 1. EXPRESSION OF SPECIFIC CONE
MARKERS IN 661W CELLS COMPARED WITH
HEK293 CELLS (NEGATIVE CONTROL).

To access the data, click or select the words “Appendix 17
Protein extracts were incubated overnight at 4°C with cone
arrestin (1:5000, Millipore, 42 KDa), blue opsin (39 KDa),
red/green opsin (40.5 KDa) and o E-catenin (100 KDa;
1:5000, Cell signaling) primary antibodies. Then, they were

Vehicle

H:0:+ Melatonin

Figure 5. Caspase-3 cleavage
induced by H,O, is blocked by
MEL. Caspase-3 immunoreactivity
(green) in cells treated with H,O,
and/or melatonin (MEL) for 2 h.
Cell nuclei are shown in red. Scale
bar=20 pm.
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incubated with antirabbit HRP (1:10000, Cell signaling) and
developed.
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