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Additional Methods 

  



Determination of autoantibodies of EAE mice 

ELISA was used to determine the specific anti-MOG antibody responses. Maxisorb plates 

(Millipore) were coated overnight at 4ºC with MOG35–55 (10 µg/ml) in 0.1 M biphosphate buffer 

(pH 9.6), blocked with PBS/10% fetal bovine serum (FBS), and incubated for 2 hr at 37ºC with 

serial dilutions of sera obtained by cardiac puncture at the disease peak. Biotin-labeled anti-

IgG1 or anti-IgG2a antibodies (2.5 µg/ml; Serotec) were added for 1 hr at 37ºC. After washing, 

plates were incubated with streptavidin-peroxidase HRP, developed with the HRP substrate 

ABTS, and absorbance was determined in a spectrophotometer. 

Determination of autoreactive response in EAE mice 

Spleen and DLN cells (106/ml) collected from mice were stimulated in complete medium (RPMI 

1640 containing 10% FBS, 50 µM 2-ME, 2 mM L-glutamine, 100 U/ml penicillin, and 100 µg/ml 

streptomycin) with 15 µM MOG35-55. After 48h, cytokine (IL-4, TNF-alpha, IFN-gamma) and 

chemokine (IP-10 and MCP1) content in culture supernatants were determined by sandwich 

ELISAs using capture/biotinylated detection Abs according to the manufacturer´s 

recommendations. The following antibodies were used.  

For IL-4: Purified Rat Anti-Mouse IL-4, 0.5mg/ml (BD Pharmingen, Ref: 554387); Recombinant 

Mouse IL-4, 0.2mg/ml (BD Pharmingen, Ref: 550067) and Biotin Rat Anti-Mouse IL-4, 0.5mg/ml 

(BD Pharmingen, Ref: 554390).  

For TNF-alpha: Purified Rat Anti-Mouse TNF-alpha, 0.4mg/ml (BD Pharmingen, Ref: 559064); 

Recombinant Mouse TNF-alpha, 0.3mg/ml (BD Pharmingen, Ref: 554589) and Biotin Rat Anti-

Mouse TNF-alpha, 0.5mg/ml (BD Pharmingen, Ref: 558415). 

For IFN-gamma: Purified Rat Anti-Mouse IFN-gamma, 0.3mg/ml (BD Pharmingen, Ref: 

554430); Recombinant Mouse IFN-gamma, 0.4mg/ml (BD Pharmingen, Ref: 554587 and Biotin 

Rat Anti-Mouse IFN-gamma, 0.5mg/ml (BD Pharmingen, Ref: 551506). 



For IP-10: Anti-Murine IP-10 Antigen Affinity Purified Polyclonal Antibody, 0.5mg/ml (Peprotech, 

Ref: 500-P129); Recombinant Murine IP-10, 0.1mg/ml (Peprotech, Ref: 250-16) and 

Biotinylated Antigen Affinity Purified Anti-Murine IP-10, 0.5mg/ml (Peprotech, Ref: 500-P129Bt). 

For MCP-1: Anti-Murine JE/MCP-1. Antigen Affinity Purified Polyclonal Antibody, 0.5mg/ml 

(Peprotech, Ref: 500-P113); Recombinant Murine JE/MCP-1, 0.1mg/ml (Peprotech, Ref: 250-

10) and Biotinylated Anti-Murine JE Antigen Afinity Purified Polyclonal Antibody, 0.5mg/ml 

(Peprotech Ref: 500-P113Bt).  

 Cell proliferation was evaluated after 72 hr by adding 2.5 µCi/ml tritiated-thymidine during the 

last 8h of culture and determining cpm incorporation in a Microbeta counter. We used T cell 

activation with anti-CD3 molecular antibody (1 µg/ml) as a control of unspecific polyclonal 

stimulation. 

Flow cytometry analysis. For identification of naïve, memory and effector T cells, lymph nodes 

were isolated from different EAE groups at the peak of the disease. Cells were collected and 

distributed into polystyrene tubes for flow cytometry at 0.5 x 106 cells/tube and washed twice 

with washing buffer (10% FBS, 1% sodium azide in PBS; 300g 5 min 4ºC). Before specific 

staining, cells were blocked with mouse BD Fc block to avoid nonspecific binding to Fc-

receptors and marked with 7-AAD (7-amino-actinomycin D, Calbiochem) to distinguish dead 

cells. Then, cells were incubated with PerCP/Cy5.5 conjugated anti-CD4, APC conjugated anti-

CD62L (2 µg/ml), and PE conjugated anti-CD44 mAbs (0.5 µg/ml), following manufacturer´s 

recommendations (BioLegend). Briefly, after washing, cells were stained for 30 min at 4ºC, 

wash again, and analyzed in a FACSCalibur flow cytometer (BD Biosciences). We used isotype-

matched Abs as controls. 

RNA isolation 

Total RNA was isolated from brain and spinal cord segments using Qiazol™ (Qiagen, 79306) 

and using the RNeasy MiniKit™ extraction kit (Qiagen, 74106). Evaluation of RNA quality was 

performed with the Agilent 2100 bioanalyzer and NanoDrop™ ND-1000 (Thermo Scientific). 



Oligo design, microarray fabrication and quality control 

DNA microarray oligo probes were designed using Tethys, Oryzon's proprietary software which 

is based on the in silico thermodynamic simulation of hybridization. Agilent probes were added 

for genes which yielded no probes complying Tethys criteria. Control probes were used to 

assess detection limits and range, to verify spatial homogeneity, and to determine experimental 

within-array variation. Microarray slides were synthesized by Agilent.  

Microarray hybridization and analysis 

Total RNA (0.5 µg) amplification and labeling with Cy3 or Cy5 was carried out using a modified 

Eberwein mRNA amplification procedure (Van Gelder et al., 1990) employing the 

MessageAmp™ II aRNA Amplification kit from Ambion (ThermoFisher Scientific, AM1751). The 

Cy3- and Cy5-labelled cRNA mixes were hybridized to microarrays according to the 

manufacturer’s instruction. Raw data were obtained using Agilent's DNA Microarray Scanner 

G2505B and Feature Extraction software (v10.1) and processed using the proprietary 

Polyphemus software. 

Validation of microarray biomarkers by qRT-PCR 

First strand synthesis was performed starting from 0.5 µg of total RNA with the High Capacity 

RNA to cDNA Master Mix (Invitrogen, Cat# 4390779) or iScript® Reverse Transcription 

Supermix for qRT-PCR (Bio-Rad, Cat# 170-8841). qRT-PCR reactions were performed in 

triplicate using 10-20 ng of first strand DNA and off-the-shelf Taqman assays in a Roche 

Lightcycler II 480, according to the manufacturers’ recommendations. Taqman assays used 

were purchased from ThermoFisher Scientific: Mm00479862_g1 (Aif1/Iba1), Mm01164382_m1 

(Amph), Mm00839967_g1 (Ccl19), Mm01302419_m1 (Ccl6), Mm04225243_g1 (Cox1), 

Mm_99999915_g1 (Gapdh), Mm00494576_g1 (Gbp2), Mm_00433590_g1 (Gh), 

Mm03003537_s1 (Gusb), Mm00522599_m1 (Meg3), Mm00627199_m1 (Ogn), 

Mm01282781_m1 (Pik3r1), Mm00521302_m1 (Pls3), Mm00435874_m1 (Pomc), 

Mm01208835_m1 (Ppargc1a), Mm00599950_m1 (Prl), Mm00448434_m1 (Ptpn11), 



Mm00656925_m1 (S100a9), Mm00441203_m1 (Saa3), Mm00447784_m1 (Sparcl1), 

Mm00443267_m1 (Ttr), Mm00495900_m1 (Uchl1). Gapdh was used for normalization and fold 

change expression was estimated using the -ΔΔCp method. 

Validation of cytokine and chemokine mediators by qRT-PCR  

After DNAse I treatment, RNA (1 µg/sample) was reverse transcribed using RevertAid First 

strand cDNA Synthesis kit (Fermentas) and random hexamer primers. Real time PCR was 

performed by using iQ SYBR Green Supermix (Bio-Rad) according to manufacturer´s 

instructions in a BIORAD CFX96 thermal cycler. Expression of Gapdh was used for 

normalization and fold change expression was estimated using the -∆∆Ct method. Primer 

sequences and PCR conditions are indicated in Additional Table A4. 

Protein extraction  

Proteins were extracted from cervical and lumbar segments of spinal cord and brain by 

homogenization (50 mg tissue/ml) in lysis buffer (50 mM Tris-HCl, pH 7.4, 0.5 mM DTT, and 10 

µg/ml proteinase inhibitors PMSF, pepstatin, and leupeptin). Samples were centrifuged (20.000 

x g, 15 min, 4ºC) and the supernatants were assayed for protein concentration (using Bradford 

method) and for cytokine/chemokine contents by using specific sandwich ELISAs according to 

manufacturer´s recommendations (BD Bioscience and Peprotech). 

Solubility 

Turbidimetric solubility of compound working solutions in either PBS or cell culture medium was 

confirmed by measuring absorbance at 620 nm. 

Biochemical assays 

HDAC2 inhibition assays: HDAC2 activity was determined using a fluorimetric assay at BPS 

Bioscience (San Diego, CA). Compounds were dissolved in DMSO (Sigma, Cat# 154938). 

Serial dilutions of compounds in DMSO were further diluted in HDAC assay buffer (BPS, Cat# 

50031). Compounds working solutions were incubated in duplicate at room temperature for 3 



hours in a mixture containing HDAC assay buffer, BSA (Fisher Scientific, Cat# BP9706100) and 

recombinant HDAC2 (BPS, Cat# 50002). The enzymatic reactions were initiated by the addition 

of a fluorogenic, acetylated peptide substrate (BPS, Cat# 50037) and proceeded for 30 minutes 

at 37°C. Then, HDAC assay developer (BPS, Cat# 50030) was added and after further 

incubation at room temperature, fluorescence intensity was measured at an excitation of 360 

nm and an emission of 460 nm using a Tecan Infinite M1000 microplate reader. Trichostatin A 

(TSA) from Selleckchem (Cat# S1045) was used as reference inhibitor.  

Cellular assays 

Human S1P1 receptor agonism and antagonism assays: The agonistic and antagonistic activity 

of compounds at the human S1P1 receptor expressed in transfected CHO cells was determined 

by measuring their effects on impedance modulation, using the CellKey (Cellular Dielectric 

Spectroscopy) detection method (CellKey 96, MDS Sciex, Ontario, Canada) at Eurofins Pharma 

Discovery Services (Celle-Lévescault, France). Cells were seeded onto 96-well plate at 15.104 

cells/well in HBSS buffer (Invitrogen, Cat# 14025) + 20 mM HEPES (Invitrogen, Cat# 15630) 

with 10% FCS (Invitrogen, Cat# 26400-044) and 0.1% BSA (Sigma, Cat# A0281), and allowed 

to equilibrate for 60 minutes at 28°C. DMSO solutions of compounds were diluted in HBSS and 

0.1% BSA. Plates were placed onto the system and measurements were made at a 

temperature of 28°C. To measure the agonistic effect, compounds and controls in duplicate 

were added simultaneously to all of the wells using an integrated fluidics system. Impedance 

measurements were monitored for 10 minutes after ligand addition. S1P (Sigma, Cat# S9666) 

was used as reference agonist (EC50 = 0.001 µM). To measure the antagonistic effect, 

compounds and controls in duplicate were pre-incubated for 15 minutes before the addition of 

the reference agonist S1P at 0.01 µM (EC80). Impedance measurements were monitored for 10 

minutes. VPC23019 (Avanti Polar Lipids, Cat# 857360P) was used as reference antagonist 

(IC50 = 0.027 µM). 



Human H3 acetylation level assays: For the determination of global and K9-specific acetylation 

levels, 500.000 SH-SY5Y cells were seeded in 6-well plates in DMEM/F12 1:1 (Sigma), 

supplemented with 2mM glutamine (LabClinics) and 10% FBS (Sigma) and incubated at 37ºC 

and 5% CO2 in a humid atmosphere. SH-SY5Y cells were treated 24 hours after seeding with 

SAHA (Selleckchem, Cat# S1047), Fingolimod (FTY720, Selleckchem, Cat# S5002), 

Fingolimod Phosphate (FTY720-P, Cayman Chemical Company, Cat# 10008639) and ORY-

2001. After 2 and 6 hours of treatment, cells were harvested and centrifuged at 250xg for 4 

minutes at room temperature and cell pellets used for total histone extraction with EpiQuik Total 

Histone Extraction Kit (Epigentek, Cat# OP-0006-100) following manufacturer´s instructions. 1 

µg of histone extracts were run in MOPS buffer (Life Technologies) in 12% PAGE (Life 

Technologies) and transferred with the iBlot system (Life Technologies) to nitrocellulose 

membranes (Life Technologies). Transferred blots were stained with Ponceau S solution 

(Sigma) and scanned with Epson Perfection V600 Photo Scanner. Membranes were blocked in 

blocking buffer (5% skimmed milk in PBS-Tween 0.1%) for 1h at room temperature, and after 

blocking blots were incubated with rabbit polyclonal anti-H3K9Ac (1:2000 dilution, Abcam, Cat# 

ab4441) and rabbit polyclonal anti-H3ac (K9+K14+K18+K23+K27) (1:2000 dilution, Abcam, cat# 

ab47915) overnight at 4ºC in blocking buffer. Membranes were washed 3 x 5mins with PBS-

Tween 0.5% and incubated with peroxidase-conjugated donkey anti-rabbit IgG (1:10.000 

dilution, Life Technologies, Cat# 31458) for 1 hour at room temperature in blocking buffer. After 

3 washes with PBS-Tween 0.5% of 5 min each and 1 wash of PBS 1X, blots were developed 

with ECL Prime Western Blotting Detection Reagent (Amersham) and imaged in G:BOX XRQ 

imaging system (Syngene).  

Spinal cord explant culture and chronic excitotoxicity treatment 

Four sections were transferred carefully onto 30-mm-diameter Millipore Millicell-CM culture (0.4 

µm, Millipore, Billerica, USA) into 6-well plate (35-mm-diameter, Falcon) containing 1 ml of 

incubation medium [50% (v/v) minimal essential medium (MEM), 25 mM Hepes, 25% (v/v) heat-



inactivated horse serum, 2mM glutamine and 25% (v/v) Hank’s Balanced Salt Solution (HBSS) 

supplemented with 25.6 mg/ml glucose; pH 7.2. Cultures were incubated at 37ºC in a 5% 

CO2/95% air humidified environment. Cultures were stabilized for 1 week and thereafter 

medium changed twice per week. 

After 7 days of the explant culture, chronic glutamate excitotoxicity was induced by exposure to 

THA at 100 µM DL threo β hydroxyaspartic acid (THA; 100 µM; Sigma-Aldrich, Saint Louis, MO, 

USA). THA and ORY-2001 were renewed at each medium exchange, twice per week until 28 

DIV. ORY-2001 was used at 5, 25 and 125 nM. Riluzole (at 5 µM) was added as positive 

control. All experiments were performed three times. 

Processing of samples from EAE mice for histopathological analysis 

Cervical and lumbar spinal cord segments of spinal cord obtained from mice sacrificed on day 

17 or 26 post-immunization were divided and processed for inclusion and sectioning in paraffin 

and for inclusion in OCT and future cryosectioning of the samples. Spinal cord segments were 

immediately fixed with buffered 10% formalin for 48 h, dehydrated and included in paraffin using 

standard techniques. For a preliminary analysis, transversal sections (4-µm thickness) were 

stained with Luxol fast blue, cresyl violet, and hematoxylin following the Klüver-Barrera 

technique and were analyzed for the presence of areas of demyelination and cell infiltration 

using a light microscope (Leica, DM2000). The remaining spinal cord segments were fixed with 

4% paraformaldehyde/0.1 M phosphate buffer pH 7.4 for 12 hr at 4°C, cryopreserved in 30% 

sucrose for 24 h, embedded in OCT in liquid nitrogen and stored at -80ºC prior to cryosectioning 

and immunohistochemistry.  

Immunohistochemistry of spinal cord explants 

Slices were fixed with 4% paraformaldehyde in TBS for 1h at room temperature. After blocking 

with 5% normal goat serum and 0.3% Triton-X-100 in TBS, the sections were incubated with 

primary antibody against anti-neurofilament heavy chain (SMI-32; #801701, BioLegend, San 

Diego, CA, USA; 1:1000) to label motoneurons. Cultures were then thoroughly washed in TBS 



with 0.1% Tween-20 (TBS-T) and incubated for 1 hr at room temperature with donkey anti 

mouse IgG (H+L) highly cross-adsorbed secondary antibody (#A21202, Invitrogen, Carlsbad, 

CA, USA; 1:1000). After several washes, sections were counterstained with DAPI and mounted 

in Fluoroamount G (Southern Biotech). 

Processing of samples from TMEV mice for histopathological analysis  

30 µm-thick transversal cryostat sections from Tissue Tek embedded tissue were obtained and 

kept in cryoprotection solution (30% ethylene glycol, 10 mg/ml polyvinylpyrrolidone-40 (PVP-

40), 300 mg/ml sucrose in 60mM PB) at -20ºC. Mouse #6 from the TMEV + vehicle group died 

on day 77 post-infection and was therefore not included. 

EAE histopathological analysis 

Cervical and lumbar spinal cord segments of spinal cord were divided and processed for 

inclusion and sectioning in paraffin. Spinal cord segments were immediately fixed with buffered 

10% formalin for 48 h, dehydrated and included in paraffin using standard techniques. Paraffin-

embedded samples were stored for histopathological studies which are assayed by Kluver-

Barrera staining. Transversal sections (4-µm thickness) were stained with Luxol fast blue, cresyl 

violet, and hematoxylin following the Klüver-Barrera technique and were analyzed for the 

presence of areas of demyelination and cell infiltration using a light microscope (Leica, 

DM2000).  

Analysis of infiltration by inflammatory cells 

Slide-mounted spinal cord sections were stained with a hematoxylin solution (GHS316, Sigma 

Aldrich) for 3 minutes, rinsed in running tap water and immersed in 1% eosin for 1.5 minutes. 

After being washed twice with H2O MilliQ for 30 seconds the sections were dehydrated (70%, 

96%, 100%, 100% ethanol), cleared with xylene and coverslipped. Cell infiltration in cervical and 

thoracic spinal cord was evaluated according to the criteria of Mansilla et al. 

(PLoS One. 2014;9(8):e105737): Score 0 : no lesion; 1 : cellular infiltration only in the meninges; 



2 : very discrete and superficial infiltrates in the parenchyma; 3 : moderate infiltration (less than 

25%) in the white matter; 4 : severe infiltration (less than 50%) in the white matter and 5 : more 

severe infiltration (more than 50%) in the white matter(44). 

Confocal microscopy and motoneuron quantification of the spinal cord explants 

Images of the ventral horn of each hemislice were captured with a scanning confocal 

microscope (LSM 700 Axio Observer, Carl Zeiss 20x/z0.5). Motoneurons, identified by SMI-32 

immunostaining and localization in the ventral horn, were counted by using the Cell Counter 

plugin of ImageJ software. Sections A minimum of 12 sections were evaluated for each 

experimental condition. Cord sections damaged during processing, that did not correspond to 

lumbar segments or without clear labeling were excluded from statistical analysis. 

 


