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SI Materials and Methods
Surgical Induction of Retinal Detachment. Experimental retinal
detachment was induced as previously described (1). Briefly, a 30-
gauge needle was inserted into the subretinal space via an ex-
ternal transscleral transchoroidal approach, and 1% sodium
hyaluronate (Provisc; Alcon) containing vehicle (0.05% DMSO
and 0.8% cyclodextrin in PBS solution), Nec-1 (400 μM), and/or
Z-VAD (300 μM; Alexis) was gently injected into the subretinal
space to enlarge the retinal detachment.

Immunofluorescence. Immunofluorescence was performed as pre-
viously reported (2). The enucleated eyes were frozen in optimal
cutting temperature compound (Sakura Finetechnical). Five-
micrometer-thick sections were cut, air-dried, and fixed in cold
acetone for 10 min. Rabbit anti-AIF (1:100; Cell Signaling Tech-
nology) and rat anti-CD11b (1:50; BD Biosciences) were used as
primary antibodies and incubated at 4 °C overnight. A nonimmune
serum was used as a negative control. Alexa Fluor 488-conjugated
goat anti-rabbit IgG and Alexa Fluor 594-conjugated goat anti-rat
IgG (Invitrogen) were used as secondary antibodies and incubated
at room temperature for 1 h. The specimens were imaged by con-
focal microscopy using a Leica HCX APOL 40× lens.

In Situ Hybridization. Partial sequence of mouse RIP3 gene was
amplified by RT-PCR using AGCACAGGACACATCAGTTGG
and CTTGAGGCAGTAGTTCTTGGTG, and cloned into the
pCR-II vector (Invitrogen). Digoxigenin-labeled riboprobe was
hybridized at 61 °C overnight, followed by stringent washes. The
cryosections were then treated with an alkaline phosphatase-
conjugated antidigoxigenin antibody (Roche). Hybridization sig-
nals were visualized with BM purple AP substrate (Roche).

TEM. TEM was performed as previously described (1). More than
200 photoreceptors per eye were photographed and subjected to
quantification of cell death modes in a masked fashion. Photo-
receptors showing cellular shrinkage and nuclear condensation
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. Electron-
dense granular materials were labeled simply as end-stage cell
death/unclassified, because these materials are reported to occur
subsequent to both apoptotic and necrotic cell death (3, 4).

RNA Extraction, RT-PCR, and Quantitative Real-Time PCR. Total RNA
extraction and reverse transcription were performed as previously

reported (1, 5). A real-time PCR assay was performed with the
Prism 7700 Sequence Detection System (Applied Biosystems).
TaqMan gene expression assays were used to check the expression
of RIP1 (Rn01757378_m1), RIP3 (Rn00595154_m1), and TNF-α
(Rn99999017_m1). For relative comparison of each gene, we an-
alyzed the Ct value of real-time PCR data with the ΔΔCt method
normalizing by an endogenous control (18S ribosomal RNA).

ELISA. The protein contents in retinal extract were determined
with ELISA kits for protein carbonyls (Cell Biolabs), MCP-1 [rat
MCP-1 (Thermo Scientific), mouse MCP-1 (R&D Systems)], and
TNF-α [rat TNF-α (Invitrogen), mouse TNF-α (R&D Systems)]
according to manufacturer instructions.

Western Blotting. The vitreous and neural retina, combined, was
collected on day 3 after retinal detachment. Samples were run on
4% to 12% SDS-polyacrylamide gel electrophoresis and trans-
ferred onto PVDF membrane. After blocking with 3% nonfat
dried milk, the membrane was reacted with RIP3 (1:10,000;
Sigma), RIP1 (1:2,000; BD Biosciences), phosphoserine (1:2,000;
Enzo), or anti-phosphorylated NF-κB p65 (1:1,000; Cell Signal-
ing Technology) antibody. They were then developed with en-
hanced chemiluminescence. Lane-loading differences were
normalized by β-tubulin (1:1,000; Cell Signaling Technology).

Immunoprecipitation. Equal amount of retinal lysates (1 mg) were
incubated with 1 μg anti-RIP1 antibody (BD Biosciences) and 20
μL of protein A/G agarose beads (Thermo Scientific) at 4 °C
overnight. Beads were washed five times with lysis buffer and
Tris-buffered saline solution and the immunopellets were then
subjected to Western blotting.

In Vivo PI Staining. Five microliters of PI (50 μg/mL) were injected
into the subretinal space 3 d after retinal detachment. After 2 h,
the eyes were enucleated and 10-μm-thick cryosections were cut,
air-dried, and fixed in 100% ethanol. DAPI was used to coun-
terstain the nuclei. The center of the detached retina was pho-
tographed with a fluorescence microscope, and the number of
PI-positive cells in ONL was analyzed by ImageJ software.

Reagents. Goat anti-mouse/rat TNF-α blocking antibody was pur-
chased fromR&DSystems. The rat eyes were subretinally injected
with1%of sodiumhyaluronate containing 0.1mg/mLof anti–TNF-
α antibody or control goat antibody. Nec-4 and PCI (IDN6556)
were prepared as described in refs. 6 and 7, respectively.
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Fig. S1. In situ hybridization analysis of RIP3. RIP3 signal was detected in retinal tissue, especially in the ONL, after retinal detachment. The retina from Rip3−/−

animals was used as negative control. GCL, ganglion cell layer; INL, inner nuclear layer. (Scale bar, 50 μm.)

Fig. S2. (A) Immunoprecipitation of RIP1 from retinal lysates. One milligram of retinal lysates was incubated with anti-RIP1 antibody and protein A/G agarose
beads. Extracts before (Pre) and after (Post) immunoprecipitation and the immunopellets (IP) were run on a 4% to 12% SDS/PAGE and blotted with anti-RIP1
antibody. Anti-RIP1 antibody alone was used as negative control. Extracts after immunoprecipitation showed almost complete immunodepletion of RIP1 from
the retinal extract. (B) Phosphorylation of RIP1 after retinal detachment. RIP was immunoprecipitated from lysates of untreated retina and of retina 2 d after
retinal detachment with treatment of vehicle, Nec-1, Z-VAD, or Nec-1 plus Z-VAD, and then assessed for phosphorylation by Western blotting. RIP1 phos-
phorylation was elevated especially in Z-VAD-treated detached retina, and this phosphorylation was inhibited by Nec-1 plus Z-VAD.

Fig. S3. Quantification of TUNEL-positive photoreceptors (A) and ONL thickness ratio (B) on day 3 after retinal detachment in rats (n = 4–5). Five microliters of
Nec-1 (2 mM) and/or Z-VAD (3 mM) were injected intravitreally 1 d after retinal detachment induction. Treatment with Nec-1 plus Z-VAD significantly de-
creased the number of TUNEL-positive cells and prevented the reduction of ONL thickness ratio after retinal detachment (*P < 0.05; **P < 0.01).
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Fig. S4. Quantification of TUNEL-positive photoreceptors (A, C, and E) and ONL thickness ratio (B, D, and F) on day 3 after retinal detachment in rats (n = 5–6).
Nec-4, PCI, and/or Z-VAD were injected subretinally at the indicated doses. Treatment with Nec4 or PCI alone did not show any protective effect (A–D). In
contrast, Nec-4 plus Z-VAD or Nec-4 plus PCI treatment significantly suppressed photoreceptor loss after retinal detachment (E and F). **P < 0.01.
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Fig. S5. PI staining (A and C) and quantification of PI-positive photoreceptors (B and D) on day 3 after retinal detachment in retina treated with vehicle,
Z-VAD, or Nec-1 plus Z-VAD (n = 6 each; A and B) and in WT and Rip3−/− retina (n = 5–6; C and D); *P < 0.05; **P < 0.01. (Scale bar, 100 μm.)

Fig. S6. Western blot analysis for phospho-NFκB p65 in control retina without retinal detachment and in retina 3 d after retinal detachment with treatment of
vehicle, Z-VAD, or Nec-1 plus Z-VAD. Lane-loading differences were normalized by the level of β-tubulin.
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Fig. S7. (A) Quantitative real-time PCR analysis for TNF-α in control retina without retinal detachment (n = 9) and in retina 3 d after retinal detachment with
treatment of vehicle (n = 9), Z-VAD (n = 8), or Nec-1 plus Z-VAD (n = 9). (B) ELISA for TNF-α in retina without retinal detachment (n = 5) and in retina 3 d after
retinal detachment with treatment of vehicle (n = 5), Z-VAD (n = 5), or Nec-1 plus Z-VAD (n = 6). DAPI staining (C) and quantification of ONL thickness ratio (D)
in detached retina treated with anti–TNF-α antibody, control antibody, or ZVAD plus Nec-1 on day 3 after retinal detachment (n = 4 each); *P < 0.05; **P < 0.01.

Fig. S8. Schematic of RIP signaling pathway. RIP1 mediates prosurvival NF-κB activation through polyubiquitination of RIP1 in response to TNF-α. When RIP1 is
unubiquitinated, RIP1 switches function to a regulator of cell death. RIP1 forms a death signaling complex with Fas-associated death domain (FADD) and
caspase-8 after stimulation of death domain receptors, and induces caspase-dependent apoptosis. In conditions in which caspase pathway is blocked, RIP1
kinase is activated in RIP1–RIP3 complex and promotes programmed necrosis. TRAF2, tumor necrosis factor-receptor associated signaling adaptor; TRADD, TNF
receptor-associated death domain; cIAP, cellular inhibitor of apoptosis; CYLD, cylindromatosis.

Trichonas et al. www.pnas.org/cgi/content/short/1009179107 5 of 5

www.pnas.org/cgi/content/short/1009179107

