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Abstract
·AIM: To investigate whether photoreceptor necroptosis
induced by z -VAD -FMK (pan caspase inhibitor) was
involved the activation of autophagy and whether
Necrostatin -1, a specific necroptosis inhibitor, could
inhibit this induction of autophagy after experimental
retinal detachment.

·METHODS: Experimental retinal detachment models
were created in Sprague -Dawley rats by subretinal
injection of sodium hyaluronate and subretinal injections
of z-VAD-FMK, vehicle or z-VAD-FMK plus Necrostatin-1.
Three days after retinal detachment, morphologic
changes were observed by transmission electron
microscopy. In other animals, retinas were subjected to
immunoprecipitation and Western Blotting, then probed
with anti -RIP1, phosphoserine, LC -3II or caspase 8
antibody.

·RESULTS: It was proved by immunoprecipitation and
western blotting, that photoreceptor necroptosis was
mediated by caspase -8 inhibition and receptor
interacting protein kinase (RIP1) phosphorylation
activation. Transmission electron microscope and
western blotting results indicated that photoreceptor

necroptosis was involved the LC -3II and
autophagosomes induction. We also discovered
Necrostatin -1 could inhibit RIP1 phosphorylation and
LC-3II induction.

·CONCLUSION: These data firstly indicate photoreceptor
necroptosis is associated with the activation of
autophagy. Necrostatin -1 protects photoreceptors from
necroptosis and autophagy by down -regulation of RIP1
phosphorylation and LC-3II.
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INTRODUCTION

R etinal detachment (RD), defined as the separation of the
neurosensory retina from subjacent retina pigment

epithelium, is a common cause of visual impairment [1-3].
Photoreceptor cell death is an important mechanism of vision
loss after RD. Death receptor-induced apoptosis plays a
critical role in photoreceptor cell death, which is associated
with caspase activation. Evidences also showed that caspase
inhibitor like z-VAD-FMK (a pan caspase inhibitor) failed to
prevent cell death or neuronal functional damage [4-6].
Necroptosis is a recently discovered, caspase-independent,
regulated cell death [4-7]. Receptor interacting protein kinase
(RIP1), a death-domain containing kinase, is specifically
involved in regulating necroptosis [5,8]. Autophagy, another
caspase-independent process, is considered as a clean-up
mechanism for cell death [5]. Autophagy can also be activated
during necroptosis, and is directly associated with the
conversion of the microtubule associated protein, LC-3I to
LC-3II (a bio-marker of autophagy) [5,9-12]. Trichonas [13]

reported for the first time that RIP1 mediated RD-induced
necroptosis and z-VAD-FMK would shift photoreceptor
death from apoptosis to necroptosis. Nonetheless, it remains
unknown, whether autophagy can be activated in
photoreceptor necroptosis, and whether Necrostatin-1, a
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specific inhibitor of necroptosis, can also inhibit autophagy
induction after experimental RD.
Here we hypothesized that photoreceptor necroptosis induced
by z-VAD-FMK was involved the activation of autophagy
and Necrostatin-1 protected photoreceptors from necroptosis
and autophagy, which was mediated by down-regulation of
RIP1 phosphorylation and LC-3II [14]. We first tested the
hypothesis by transmission electron microscope (TEM),
which was performed to investigate whether necroptosis
induced by z-VAD-FMK was involved the activation of
autophagy. We then addressed whether z-VAD-FMK induced
RIP1 phosphorylation (a bio-marker of necroptosis) and
LC-3II induction by Western Blotting, which triggered
activation of necroptosis and autophagy [8]. Finally, it was
investigated whether Necrostatin-1 treatment inhibited RIP1
phosphorylation and LC-3II induction. The results of this
study would firstly provide new evidence that autophagy was
activated in z-VAD-FMK-induced photoreceptor necroptosis
and Necrostatin-1 not only inhibited photoreceptor
necroptosis but autophagy, which may be a promising
combined therapeutic direction against neuronal damage in
RD.
MATERIALS AND METHODS
Surgical Induction of Retinal Detachment All
experiments were performed in accordance with the ARVO
Statement for the Use of Animals in Ophthalmic and Vision
Research and the guidelines established by the University
Committee on Use and Care of Animals of the Shanghai
JiaoTong University and Anhui Medical University. All
animal experiments were conducted with the approval of the
Animal Research Committee, School of Medicine, Shanghai
Jiaotong University and Anhui Medical University. Male
Sprague-Dawley rats ( =120) weighing 260-280 g were
provided by the Laboratory Animal Center of the Shanghai
First People's Hospital, School of Medicine, Shanghai
JiaoTong University. Experimental RD was induced as
described previously [2,15,16]. Briefly, the rats were anesthetized
with an intraperitoneal injection of 10% chloral hydrate and
their pupils were dilated with 0.5% tropicamide and 0.5%
phenylephrine hydrochloride eye drop (China Santen
Pharmaceutical, Jiangsu province, China). A subretinal
injector with 30-gauge needle was inserted into the subretinal
space via an external trans-scleral trans-choroidal approach.
The subretinal injector was connected to a syringe and 1%
sodium hyaluronate (Bausch & Lomb Freda, Jinan, Shandong
province, China) was gently injected into the subretinal space
to enlarge RD (50 滋L each)[17]. In addition, vehicle (dimethyl

sulfoxide, DMSO), a 300 滋mol/L solution of z-VAD-FMK
(available from Enzo, PA, USA), or z-VAD-FMK combined
with Necrostatin-1 (400 滋mol/L, available from Merck,
Darmstadt, Germany) was gently injected into the subretinal
space to enlarge RD (5 滋L each). The dose of compound was
selected based on previous studies [5,13,18,19]. RD was created
only in the right eye of each animal, with the left eye serving
as a control. This was confirmed by surgical microscope in
every animal.
Transmission Electron Microscope Photomicrographs in
the Outer Nuclear Layer (ONL) As described previously[2],
three days after RD, TEM was performed. Briefly, the eyes
remained immersed in 4% glutaraldehyde (0.1 mol/L
phosphate buffer, pH 7.4) for 24h at 4℃ . The detached
retinas were removed and post-fixed in 1% osmium tetroxide
(0.1 mol/L sodium phosphate buffer solution, pH 7.2),
dehydrated in ethanol and water, and embedded in Eponate.
The retina was photographed by a JEM-1200EX electron
microscope (JEM, Tokyo, Japan). The apoptotic and necrotic
cell numbers in ONL were calculated from 6 eyes. Five
sections were randomly selected in each eye. For each
sample, about 200 photoreceptors were photographed and
subjected to quantification of cell death modes in a masked
fashion. Then, the percentage of apoptotic and necrotic cells
was calculated. Photoreceptors showing cellular shrinkage
and nuclear conde nsation were defined as apoptotic cells,
whereas photoreceptors associated with cellular and organelle
swelling and discontinuities in plasma and nuclear membrane
were defined as necrotic cells. Electrondense granular
materials were labeled simply as end-stage cell
death/unclassified [13,20,21].
Immunoprecipitation and Western Blotting As previous
study described [1,13,22], the neural retina was collected on three
days after RD. Equal amount of retinal lysates (1 mg) were
incubated with 1 滋L (1 mg/mL) anti-RIP1 antibody (Cell
Signaling Technology, Boston, MA, USA) and 40 滋L of
protein A/G agarose beads (Beyotime Institute of
Biotechnology, Jiangsu province, China), according to the
manufacturer’s instructions, at 4℃ overnight. Beads were
washed 5 times with Tris-buffered saline solution and the
immunopellets were then subjected to Western blotting.
Samples were run on 8% sodium dodecylsulfate-
polyacrylamide gel electrophoresis. After electrophoretic
separation, the proteins were transferred to nitrocellulose
membranes (Whatman, Maidstone, UK). The nitrocellulose
membrane was blocked by incubation with 5% bovine serum
albumin in tris-buffered saline and tween (TBST) (0.02%
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Tween-20 in Tris-buffered saline, pH 7.4) for 2h at room

temperature. After blocking, the membrane was reacted with
RIP1 (1:1000, Cell Signaling Technology), phosphoserine (1:

100, Enzo), LC-3 (1:500, Santa Cruz Biotechnology, CA,

USA) antibody or caspase-8 (1:1000, Prosci Incorporated,
USA), 茁-actin (1:1000, Beyotime Institute of Biotechnology,

Jiangsu Province, China) antibody. Membranes were then

washed thrice and incubated with horseradish-peroxidase-
labelled secondary antibody (diluted 1:5000 in TBST, Santa

Cruz Biotechnology) for 2h at room temperature. Bands were
visualized by chemiluminescence (ECL, Amersham

Pharmacia Biotech, Piscataway, NJ, USA), according to the
manufacturer's instructions and were exposed to X-ray film.

The density of the signal was quantified using Bandscan
software (Version 4.3, Glyko, Inc., Novato, CA).

Statistical Analysis Data are expressed as mean 依SD.

Assuming that the data meet normal distribution and
variances are equal, the one-way analysis of variance

(ANOVA) followed by validation using Student-Newman-
Keuls tests was used to analyze the statistical differences in

western blotting densitometric data and cell number among

TEM assays. Analyses were performed by computer (SPSS

17.0 for windows, SPSS Inc., Chicago, IL, USA). For all

comparisons, a value less than 0.05 was considered
statistically significant.

RESULTS
z -VAD -FMK Induced Necroptosis in Photoreceptors
After Experimental Retinal Detachment z-VAD-FMK

induced necroptosis in photoreceptors were observed from

morphological change by transmission electron microscopy.
The morphology of photoreceptors, induced by caspase

inhibitors was more in line with characteristics of
necroptosis, which characterized by chromatin condensation,

loss of plasma membrane integrity and many
autophagosomes (Figure 1A). On the third day after RD, the

transmission electron microscopy showed that percentage of
necrotic cells (22.10%依0.78% ) increased in z-VAD-FMK

treated retina compared with the vehicle treated retina

(17.04%依0.81%), but percentage of apoptotic photoreceptor
death (11.28% 依0.66% ) decreased in z-VAD-FMK group

compared with the vehicle group (20.98%依1.33%) after RD
( =6, per group, <0.01) (Figure 1B). TEM results

confirmed z-VAD-FMK induced necroptosis in

photoreceptors after experimental RD.

Figure 1 Involvement of autophagosomes formationin necroptosis during RD-induced photoreceptor necroptosis were observed by
TEM in three groups (DMSO, z -VAD -FMK and z -VAD -FMK combined with Necrostatin -1 groups) A: Representative
photomicrographs of TEM showed autophagy in the ONL on the third day after RD in the retina (A: Apoptotic cell; N: Necrotic cell).
Autophagy formation could be visualized in z-VAD-FMK-treated group, which was by far the most confirmative analysis for autophagy. B:
Quantification of necrotic and apoptotic photoreceptor death after RD. z-VAD-FMK treatment increased the percentage of necrotic cells and
decreased apoptotic photoreceptor death after RD compared with DMSO treated control groups. z-VAD-FMK combined with Necrostatin-1
substantially led to a decrease in both forms of cell loss. At the same time, autophagy formation was significantly inhibited ( =6, per group,
asterisks indicated a <0.01; Scale bar, 2 滋m).
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LC-3 (II) and Autophagosomes Induction was Involved
in z -VAD -FMK -induced Photoreceptor Necroptosis
After Experimental Retinal Detachment Recently studies
discovered necroptosis signaling could activate autophagy,
considered as a secondary marker of necroptosis [11]. Besides
the consistent results of necroptosis activation after
interference of z-VAD-FMK, the transmission electron
microscopy showed z-VAD-FMK treatment induced
necroptosis with evocative of autophagy, which was
characterized by extensive vacuolization (Figure 2A). The
autophagic activation biomarker LC-3II, analyzed by western
blotting, increased accordingly three days after RD (Figure 2B).
These data showed that induction of LC-3II and
autophagosomes was involved in z-VAD-FMK-induced
photoreceptor necroptosis after experimental RD, which
indicated autophagy activation.
Up -regulation of RIP1 Phosphorylation was Mediated
by Caspase -8 Inhibition in z -VAD -FMK -induced
Photoreceptor Necroptosis RIP1 phosphorylation is a key
early signaling event in necroptosis [9,23]. We tested whether
z-VAD-FMK inhibited caspase-8 activation. Western blot
densitometric analysis demonstrated that caspase-8 activation

was significantly inhibited in z-VAD-FMK-treated retina
compared with DMSO-treated retina on three days after RD
induction ( =6, per group, <0.01) (Figure 3A). Next, to
further explore the necroptosis induction mechanism of
action of z-VAD-FMK in experimental RD, we tested
whether z-VAD-FMK promoted RIP1 phosphorylation by
immunoprecipitation. Three days after RD, RIP1
phosphorylation was elevated in z-VAD-FMK treated retina
compared with DMSO-treated retina (Figure 3B).
These results showed that up-regulation of RIP1
phosphorylation was mediated by caspase-8 inhibition in
z-VAD-FMK-induced photoreceptor necroptosis after
experimental RD, which indicated necroptosis activation.
Necrostatin -1 Inhibited Photoreceptor Necroptosis by
RIP1 Phosphorylation and LC -3II Down -regulation
Necrostatin-1, an RIPK1 allosteric inhibitor, has been proved
as a potent and selective inhibitor of necroptosis [9]. We then
assessed the inhibition effect of cell death using Necrostatin-1
after RD. Necrostatin-1 combined with z-VAD-FMK
substantially led to a decrease both in apoptosis and
necroptosis forms of cell loss (14.10%依0.41% necrotic cells,
10.98%依0.35% apoptotic cells) compared with z-VAD-FMK

Figure 2 Necrostatin-1 inhibited autophagosomes formation and the activation of autophagy marker LC -3II in photoreceptor
after experimental RD A: z-VAD-FMK treatment induced necroptosis cell death with evocative of autophagy, and was characterized by
extensive vacuolization (white arrowhead); B: Necrostatin-1 combined with z-VAD-FMK treatment inhibited the induction of LC-3II

compared with z-VAD-FMK -treated groups (asterisks indicated b <0.01; Scale bar=1 滋m).
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and DMSO treated group ( =6, per group, <0.01; Figure
1B). At the same time, autophagy formation induced by
z-VAD-FMK was significantly inhibited by Necrostatin-1
(Figure 1A). It was further discovered, by analysis of RIP1
and LC-3II expression, Necrostatin-1 combined with
z-VAD-FMK treatment substantially inhibited RIP1
phosphorylation (Figure 3B) and LC-3 (II) induction (Figure
2B) compared with z-VAD-FMK treated group. These results
demonstrated Necrostatin-1 could down-regulate RIP1
phosphorylation and LC-3II in z-VAD-FMK-incuded
photoreceptor necroptosis after experimental RD, which
suggested necroptosis and autophagy inhibition.
DISCUSSION
In current study, TEM and western blotting results firstly
indicated that necroptosis induced by z-VAD-FMK was
involved the LC-3II and autophagosomes induction, which
indicated autophagy activation. It was also proved by
immunoprecipitation and western blotting, that up-regulation
of RIP1 phosphorylation in z-VAD-FMK-induced
photoreceptor necroptosis was mediated by caspase-8
inhibition, which triggered activation of necroptosis. We also

discovered Necrostatin-1 could inhibit RIP1 phosphorylation
and LC-3II induction. The results of this study for the first
time provided evidence that photoreceptor necroptosis
induced by z-VAD-FMK was associated with the activation
of autophagy and Necrostatin-1 could inhibit photoreceptor
necroptosis and autophagy by down-regulation of RIP1
phosphorylation and LC-3II.
Caspases activation-induced apoptosis previously have been
shown to play a critical role in RD, but caspases inhibition by
z-VAD-FMK failed to prevent photoreceptor death [17,24-26]. In
this study, the morphologic change induced by z-VAD-FMK
was assessed by TEM, which could provide important results
not obtainable at the light microscopic level. Besides the
classic characteristics of necroptosis: chromatin
condensation, loss of plasma membrane integrity and many
autophagosomes, the ultrastructure change of autophagy was
also observed in our study [4,5,8,27]. Altogether, these results
confirmed that z-VAD-FMK treatment could induced
necroptosis in photoreceptors, which explained why
z-VAD-FMK treatment provided partial protection to avoid
retinal cells death.

Figure 3 z-VAD-FMK promoted RIP1 phosphorylation by inhibiting caspase-8 activation A: Increases in caspase-8 activation after
RD and the inhibition of this induction by z-VAD-FMK. Quantification analysis of caspase-8 activation demonstrated a significantly decrease
in the z-VAD-FMK-treated retina (0.15依0.02) compared with DMSO-treated retina (0.79依0.02) ( =6, per group, asterisks indicated b <0.01).
B: Immunoprecipitation and Western Blotting expression for RIP1 phosphorylation from control group, z-VAD-FMK and DMSO-treated
groups three days after RD. Quantification analysis of RIP1 phosphorylation demonstrated a significantly increase in the z-VAD-FMK treated
retina (0.64依0.03) compared with DMSO-treated retina (0.22 依0.01). Necrostatin-1 combined with z-VAD-FMK treatment substantially
inhibited this elevated RIP1 phosphorylation ( =6, per group, asterisks indicated b <0.01).
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The work of Trichonas [13] has highlighted the
importance of necroptosis after RD. Similar to their work we
also showed z-VAD-FMK treatment induced RIP1
phosphorylation, which indicated necroptosis activation.
Previous studies discovered RIP1 phosphorylation is a key
early signaling event in necroptosis which can be inactivated
by caspase-8 [23]. As a pan-caspase inhibitor, z-VAD-FMK
surely can inhibit caspase-8 activation. So we explored
further the effect of z-VAD-FMK on RIP1 phosphorylation in
this RD model. Our results demonstrated z-VAD-FMK not
only inhibited caspase-8 activation but also promoted RIP1
phosphorylation compared with DMSO-treated retina ( <0.01).
These results first indicated that z-VAD-FMK led to promote
RIP1 phosphorylation by inhibiting caspase-8 activation
(Figure 4).
Autophagy, a large-scale protein degradation and catabolic
mechanism, has been implicated in caspase-independent cell
death [5,28,29]. Recently studies show necroptosis signaling can
activate autophagy [5,11]. So it remained unknown whether
necroptosis induced by z-VAD-FMK involved the activation
of autophagy. Therefore, we assessed the autophagy
activation by TEM. Since the autophagy is directly associated
with the conversion of the microtubule associated protein,
LC-3I to LC-3II, and the inhibition of LC-3II has been shown
to cause reduction in autophagy, we also further tested
autophagy marker LC-3II expression by western blotting [5,18].
Our data showed that, on three day after RD, z-VAD-FMK
treatment induced cell death with evocative of autophagy,
which was characterized by extensive vacuolization. Along
with necrotic photoreceptor increasing，there was an
elevation of LC-3II expression accordingly. These data all
first suggested the activation of autophagy marker LC-3II
was involved in z-VAD-FMK induced necroptosis after RD.
Necrostatin-1, an RIPK1 allosteric inhibitor, has proven to be
able lead to a decrease in both apoptosis and necroptosis
forms of cell loss if combined with z-VAD-FMK [5,13]. More
important, our results, for the first time, further confirmed, in
addition to the inhibition of necroptosis by Necrostatin-1, at
the same time，autophagy formation was also significantly
inhibited. Rosenbaum [18] reported similar findings in a
model of retinal ischemia. They found that, pretreatment with
z-VAD-FMK, Necrostatin-1 inhibited not only necroptosis
but autophagy and improved functional outcome. Our data
further explained this cell death and protection process:
Necrostatin-1 treatment provided significant protection of
photoreceptors by simultaneous inhibition of RIP
phosphorylation and LC-3II induction, which indicated

simultaneous inhibition of necroptosis and autophagy.
However, the functional role of autophagy still remains a
subject of debate. Besirli [24] discovered autophagy
activation was controlled, in part, by Fas-receptor activation
and prevented photoreceptors from apoptosis. Cai [30]

demonstrated the activated autophagy played a protective role
against palmitate-induced hepatocytes apoptosis. On the
contrary, it was also reported that the involvement of
autophagy in necroptosis further reinforce the process of cell
death, which indicates the possibility that autophagy may be
a clean-up mechanism for cell death [31-33]. Owen [34]

found that inhibition of autophagy resulted in increased
bacterial survival. Degterev [5] further showed autophagy
was a downstream of necroptosis signaling pathway. The
results in our observation suggested that the activation of
autophagy marker LC-3II was controlled by necroptosis
signaling, which indicated autophagy involved in necroptosis
also contributed to cell damage. Although the autophagy is
directly associated with the conversion of LC-3I to LC-3II,
autophagy is a very complicated and fine regulated process,
therefore, we will further look at additional markers such as
auto phagy associated gene (Atg) 7, 5, 12, beclin-1 in
z-VAD-FMK-induced photoreceptor necroptosis in the
future.
There are some limitations to this study. The sample number
of the experimental RD models was not large. This study was
designed to only investigate three days changes after RD.

Figure 4 The mechanism of up -regulation of RIP1
phosphorylation and LC -3II in z -VAD -FMK -induced
photoreceptor necroptosis. When cells undergo tumor necrosis
factor (TNF) -induced apoptosis, RIP1 phosphorylation is
inactivated by caspase -8. Caspase inhibitor, z -VAD -FMK,
can switch the death receptor induced apoptotic response to
necroptosis by inhibition caspases -8 activation and up -
regulation RIP1 phosphorylation. Then RIP1 phosphorylation
can induce the activation of autophagy marker LC -3II by a
currently unknown pathway.
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Further research is needed to elucidate the long-term effect.
The evidence that whether Necrostatin-1 could
down-regulate RIP1 phosphorylation and LC-3II when given
after RD was not provided.
In summary, we discovered necroptosis induced by
z-VAD-FMK is associated with the autophagosomes
formation and activation of autophagy marker LC-3II.
Necrostatin-1 reduced photoreceptors from necroptosis and
autophagy by inhibition of RIP1 phosphorylation (necroptosis
marker) and LC-3II induction (autophagy activation marker).
Autophagy cooperated with necroptosis, exacerbate the cell
damage after RD, which may be a promising combined
therapeutic direction against neuronal damage in RD. But, it
still remains unknown how autophagy is activated in
necroptosis pathway, thus, future studies, exploring the
relationship between autophagy and necroptosis, are
necessary.
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