
 
 

Fisetin protects against cardiac cell death through reduction of ROS production and 
caspases activity. 
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SUPPLEMENTARY METHODS 
 
Prediction of candidate drugs for repositioning 
 
Candidate compounds were identified by the integrated matching of zebrafish heart regeneration 
expression signatures against expression signatures obtained from drug-treated cell lines in the 
Connectivity Map database (CMap, build 2), which contains more than 7K expression profiles 
representing more than 1.3K compounds1. Before implementing that procedure, we mapped gene 
sequences from zebrafish to humans2. Four different resources were used to map Zebrafish 
affymetrix probe IDs to Human affymetrix probe IDs in the following order, only trying subsequent 
steps if the one before did not work: 1. Convert the Zebrafish Affymetrix ID to Zebrafish probe 
symbol, search the gene on ZFIN and extract the Human homolog entrez ID3; 2. Convert Zebrafish 
Affymetrix ID to Zebrafish ensemble ID or probe symbol, use Biomart to convert it to a Human 
homolog entrez ID4; 3. Convert the Zebrafish Affymetrix ID to zebrafish probe symbol, search with 
HomoloGene for Human homolog entrez ID5,6; 4 or finally, convert Zebrafish Affymetrix ID to 
Zebrafish uniprot ID, use that protein sequence to BLAST against Human database of proteins, and 
select the entrez ID for the most significant hit (if p < 0.05)7-9. Finally, we converted the Human entrez 
ID to human Affymetrix ID with affy10 and ArrayExpress11. Originally, the CMap was designed to 
provide users with a single list of ranked compounds, whose expression signatures are similar (or 
dissimilar) to that encoded in a single (user-defined) query signature. Therefore, here we had to 
develop an algorithm for matching multiple regeneration signatures to CMap drug signatures. Our 
prediction pipeline provided a statistically-ranked, integrated list of compounds predicted to have 
positive, pro-regeneration potential. First, we identified regeneration signatures by selecting 
differentially expressed genes between different time points during the regeneration process (from 
4 hours to 90 days post-injury) using the gene expression data that we reported in12. This analysis 
was done with lmFit and eBayes from the R limma package13. At each (regeneration) time point in 
relation to 4 hours post-injury, we identified differentially expressed genes with an absolute fold 
change > 2 and Bonferroni corrected p-value < 0.05, and included them in the time-specific 
signatures. These signatures were then used independently to search the CMap. For each 
regeneration signature, CMap compounds were ranked on the basis of the similarity between their 
expression profiles and the regeneration signatures (using CMap-generated p-values of 
significance). Next, for each drug, we calculated a rank product of the drug’s signature matchings to 
the regeneration signatures14, and used this score to compute integrated p-values reflecting the 
overall drug’s signature similarity across time points. These p-values were estimated using a 
heuristic method proposed by Eisinga et al.15. The code that implements this strategy is available at 
https://gitlab.com/biomodlih/drugFinder. 
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Cell survival assay 
 
Cell survival was assessed using the CyQuant Direct Cell Proliferation Assay Kit (C35011) from 
Molecular Probes (OR, USA). Cells were seeded in 96 well-plates at a density of 4000 cells/well, 
cultured in normal condition during 24h, and then subjected to 24h of hypoxia/starvation followed by 

24h of reoxygenation in the presence of the drug. Triplicate wells were treated with 5 to 100M of 
fisetin. Control cells were treated with vehicle alone (DMSO at 0.1%). In normoxia or HS 
experiments, cells were cultured in normal conditions for 24h, then treated with the drug for 24h in 
normal conditions for cells in normoxia or in serum free DMEM at 0.5% 02 for HS experiment, followed 
by their analysis. The CyQuant assay was performed following the manufacturer’s instructions. 
Fluorescence was measured on a FLUOstar OPTIMA Microplate Reader (BMG LABTECH) at 
492nm excitation and 520nm emission. Results are reported as the mean intensity of three 
independent experiments using GraphPad Prism 7 (GraphPad).   
 
Cell proliferation assay 
 
Experiments were performed by flow cytometry. Cells were harvested following drug treatment, 
washed and resuspended in ice-cold Hank’s balanced salt solution (HBSS) containing 2% FBS and 
10mM HEPES pH7.4. Cells were stained with 1µg/ml of LIVE/DEAD® Fixable Near-IR Dead Cell 
Stain Kit (L34975, Invitrogen), then fixed and permeabilized with cold 80% ethanol. Cells were 
rehydrated in HBSS, 2% FBS, 10mM HEPES pH7.4 and proliferation was assessed by staining the 
cells for 30min in the dark with a PE-anti Ki67 antibody (556027, BD Pharmingen) used at 2µL/105 
cells. The PE-Mouse IgG1 k antibody (555749, BD Pharmingen) was used as isotype control. Cells 
were incubated for 15min in the dark in a 5µg/mL DAPI solution (DAPI dilactate, D3571, Invitrogen) 
before acquisition. Data were acquired on a fluorescence-activated cell sorting (FACS) Aria™ SORP 
cytometer (BD Biosciences). Data acquisition and analysis were performed using the DIVA (BD 
Biosciences) and GraphPad Prism 7 (GraphPad). We report the mean fluorescence intensity of three 
independent experiments. 
 
Gene expression measurements 
 
From 1 to 5 x 106 H9C2 cells were harvested following drug treatment, washed in 1x PBS and RNA 
was extracted from cells using TRI Reagent® (Sigma-Aldrich). RNA isolated in the aqueous phase 
with a Phase lock gel-Heavy (5 Prime) was precipitated with 100% isopropanol and purified using 
RNeasy® Mini kit combined with an on-column DNase treatment (Qiagen). RNA was quantified using 
Nanodrop™ (Thermo Fisher Scientific) and integrity was verified with Bioanalyzer (Agilent). For RT-
PCR, 1µg RNA was reverse-transcribed into cDNA using Superscript III™ (Invitrogen) following 
manufacturer’s instructions. Then, the qRT-PCR was realized in 384-well plates using 
SsoAdvanced™ Universal SYBR® Green Supermix (Bio-Rad) and the Viia™7 real-time PCR system 
(Applied Biosystems™). Quantitative PCR data analysis was done using qbase+ software, version 
3.1 (Biogazelle, Zwijnaarde, Belgium - www.qbaseplus.com). Normalized gene expression levels 
were calculated via the delta-delta Cq method with Eef1a1 and Rpl4 as reference genes and taking 
into account the calculated amplification efficiency for each primers pair. The mean comparisons to 
normoxia condition were performed with four independent experiments. Statistical significance was 
determined using an ANOVA one-way corrected for multiple testing with a Tukey-Kramer as post-
test (corrected p-value < 0.05) - see Supplementary Material Supplementary Table for MIQE 
checklist and qRT-PCR experiment details. 
 
Cell death assay 
 
Cell death was assessed by annexin V / PI staining followed by flow cytometry. Cells were 
trypsinized, washed in HBSS, 2% FBS, 10mM HEPES pH7.4 and stained for 30min in the dark with 
annexin V – APC conjugated antibody (31490016, Immunotools) diluted at 2µL/105 cells in annexin 
V binding buffer (10mM HEPES pH7.4, 140mM NaCl, 2,5mM CaCl2). Cells were washed, 
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resuspended in annexin V binding buffer containing 1g/mL propidium iodide (P3566, Invitrogen) 
and subjected to FACS analysis on a BDFACS Canto™ Flow cytometer (BD Biosciences). We report 
the mean intensity of three independent experiments. Data acquisition and analysis were performed 
with DIVA (BD Biosciences) and GraphPad Prism 7 (GraphPad).  
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