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Materials and methods
 Animal model
 Experiments were conducted in 28 twy/twy mice (Central Institute for Experimental Animals, Kawasaki, Japan), aged 16 weeks (n=9) and 24 weeks (n=19) and with a mean body weight of 29.5±7.3 g (±SD). Mutant twy/twy mice were maintained by brother-sister mating of heterozygous Institute of Cancer Research (ICR) mice (+/twy). The disorder is inherited in an autosomal recessive manner and the homozygous hyperostotic mouse is identified by a characteristic tip-toe walking at 6 to 8 weeks of age, although no congenital neurological abnormalities are detected at that age. The spontaneous calcified deposits particularly in the atlantoaxial membrane grow progressively with age, causing profound motor paresis later in life. Figure 1 shows  hematoxylin and eosin (H&E) stained sections of cervical spinal cord in 16-week-old   (Fig. 1A) and 24-week-old  (Figs,1B, C) twy/twy mice. According to previous papers that analyzed the compressed transverse remnant area of the spinal cord (TRAS, %)　using transaxial serial sections [3, 25], mice were divided into two groups based on the value of TRAS%: moderate compression group (TRAS% between 50% and 70%); and severe compression group (TRAS% ≤50%) in this study. the former has been considering as a moderate compression and the latter as a severe compression. ICR mice, age-matched with the twy/twy mice, were used as controls (n=12) [3, 18]. The Ethics Review Committee for Animal Experimentation of Fukui University approved the experimental protocol.
Histology and measurement of demyelination in the spinal cord
 Sections of the spinal cord were obtained for immunohistochemistry after intracardial perfusion of PBS and 4% paraformaldehyde. The sections were fixed for 24 hours in 4% paraformaldehyde solution at 4(C, dehydrated through a graded ethanol series, and embedded in paraffin. They were then then cut into 10-μm thick sections, deparaffinized in xylene and stained with H&E and luxol fast blue (LFB). For semi-quantitative analysis of demyelination, the LFB-positive areas in the ventro-lateral funiculus were analyzed under x400 magnification using grain counting with the light intensity automatically set by a color image analyzer (MacSCOPE; Mitani, Fukui, Japan). An area was considered LFB-positive area when the density significantly exceeded the threshold of the background; being calculated as percent cross-sectional area of the residual tissue [19].
Terminal deoxynucleotidyl transferase (TdT)-mediated dUTP-biotin nick end labeling (TUNEL) staining
After anesthesia with intraperitoneal injection of sodium barbiturate (0.05 mg/g body weight), the animal was perfused intracardially using 50 ml phosphate buffered saline (PBS; at 4°C) followed by 100 ml of 4% paraformaldehyde in 0.1 M PBS (pH 7.6). Immediately after perfusion, the cervical cord was removed en bloc, postfixed, and then embedded in paraffin. Samples were cut in 4 µm-thick serial transverse sections. Deoxyribonucleic acid (DNA) fragmentation was detected by the TUNEL method using the ApopTag Peroxidase In Situ Apoptosis Detection kit (Chemicon International, Temecula, CA). After deparaffinization and hydration, sections were treated with 20 μg/mL of proteinase K in 0.1 mol/L of TRIS buffer (pH 8.0) at room temperature for 15 minutes to strip nuclei of tissue sections. The procedures used were performed as described in the kit manual. The reaction with TdT was terminated by washing the sections with stop-wash buffer for 30 minutes at 37°C. Anti-digoxigenin peroxidase was then applied for 30 minutes at room temperature. Color was developed using 3, 3’-diaminobenzidine tetrachloride. Finally, the sections were counterstained with methyl green. 
Immunoblot analysis
After cardiac arrest, the cervical spinal cord was immediately removed en bloc and stored in liquid nitrogen. The sample was solubilized in RIPA buffer (50 mM pH 7.5 TRIS-HCl, 150 mM NaCl, 1% Triton X-100, 0.5% sodium deoxycholate, 20 (g/ml leupeptine and 1 mM phenylmethylsulfonylfluoride [PMSF]), homogenized and then stored at –80°C. The protein concentration was analyzed by Bio-Rad DC protein assay kit (No. 500-0116, Bio-Rad Laboratories, Hercules, CA). Laemmli sodium dodecylsulfate buffer samples containing proteins were boiled and subjected to immunoblot analysis. Total protein (80 (g/lane) was subjected to sodium dodecylsulfate polyacrylamide gel (15%) electrophoresis (SDS-PAGE) and transferred onto polyvinylidene difluoride membrane (PE Applied Biosystems, Foster city, CA) for 70 minutes in a semi-dry blot apparatus. The membranes were then washed twice in PBS containing 0.05% Tween 20, and then blocked by 5% skim milk in PBS for 1 hour, subsequently reacted with anti-TNFR1 (1:200, rabbit IgG; Santa Cruz Biotechnology, Santa Cruz, CA), anti-CD95 (1:1000, rabbit IgG; Abcamn plc, Cambridge, UK) and anti-p75NTR (1:10; rabbit IgG; Abcamn plc) diluted overnight at 4(C sequentially by anti-rabbit IgG antibody and avidin-biotinylated peroxidase complex (1:200; Envision( System-HRP Labeled Polymer, Dako Cytomation, Carpenteria, CA) for 3 hours. After triple washing in 0.1 M PBS, the membrane was immersed in a chemiluminescence reagent for 1 minute and then subjected to radiography to visualize the peroxidase activity and thus level of antibody binding. To quantify the relative level of expression of TNFR1, CD95 and p75NTR in ICR and twy/twy mice spinal cord, we analyzed the density of the bands on the photographic film with a densitometer using the NIH imaging software (ver. 1.59/ppc). Data were expressed in relative values as a semi-quantitative data, representing the ratio of each band density to β-tubluin (1:500, rabit IgG; Abcamn plc).
Double immunofluorescence staining
To identify the type of apoptotic cells, double immunofluorescence staining was performed using frozen sections. The cervical spinal cord was removed as described above and embedded in Tissue-Tek (optimal cutting temperature [OCT] compound 4583, Sakura FineTechnical, Tokyo) and frozen at –80°C. Serial 25 (m-thick transverse frozen sections were treated with 0.1M TRIS-HCl buffer (pH 7.6) containing 0.3% Triton-X-100 for another 24 hours to allow reaction of the cell membrane with antibodies. 

For immunofluorescence staining, the sections were incubated at 4°C with anti-TNFR1 antibody (1:100, rabbit IgG; Santa Cruz Biotechnology), anti-CD95 antibody (1:50, rabbit IgG; Abcamn plc), and anti-p75NTR polyclonal antibody (1:100, rabbit IgG; Abcamn plc) diluted in Antibody Diluent with Background Reducing Components (Dako Cytomation). The secondary antibodies were donkey anti-gout antibody Alexa Flour® 488/fluorescein-conjugated antibody (1: 250; Molecular Probes, Eugene, OR), and goat anti-rabbit Alexa Flour® 488/fluorescein-conjugated antibody (1: 250; Molecular Probes) for 1 hour at room temperature. For double immunofluorescence staining, the sections were further incubated with anti-neuronal nuclei monoclonal antibody (code No. MAB377, NeuN, 1:100, mouse IgG; Chemicon International), and anti-oligodendrocyte monoclonal antibody (code No. MAB1580, RIP, 1:100, mouse IgG; Chemicon International) diluted in Antibody Diluent with Background Reducing Components (Dako Cytomation) at 4(C overnight. The sections were then incubated with goat anti-mouse Alexa Flour® 568-conjugated antibody (1:250; Molecular Probes). The immunostained cells were visualized under confocal microscope equipped with a 15-mWatt crypton argon laser (model TCS SP2, Leica Instruments, Nussloch, Germany). 

Statistical analysis
All values are expressed as mean±SD. Differences between groups were examined for statistical significance using the paired t-test. A P-value <0.05 denoted the presence of a significant difference. The above tests were conducted using the The Statistical Package for Social Sciences software version 11.0 (SPSS, Chicago, IL).
