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Materials and Methods 
 

Protein extraction and western blot  
Cells were counted and directly lysed in 2X SDS Laemmli buffer (50mM Tris HCl, 10% glycerol, 2% SDS and 

water) plus protease inhibitors. 80 μg of proteins were mixed with ß-mercaptoethanol and bromophenol blue and 

denaturated for 8 min at 95°C. Cell lysates were loaded onto polyacrylamide gel and run in SDS Running 

Buffer. Transfer to nitrocellulose membranes was performed at 100V for 1 hour at 4°C or overnight at 30V in 

Transfer Buffer containing 20% methanol. Membranes were blocked in 10% milk/ TBS-Tween for 1 hour at 

room temperature or overnight at 4°C and then probed with primary antibodies diluted in TBS-Tween + 5% milk 

at 4°C for 2h or overnight. After three washes with TBS-Tween (5 minutes each), membranes were incubated 

with the appropriate secondary antibody in TBS-Tween+ 5 % milk for 30 min at room temperature. After 3 more 

washes, signals were revealed using the ECL (Enhanced Chemiluminescence) method. 

 
Chromatin immunoprecipitation (ChIP) and ChIP-seq analyses 
Cells were cross-linked in culture medium with 1% formaldehyde and the reaction was stopped after 10 min at 

RT by adding 0.125 M glycine for 5 min at 4°C. The cells were washed twice with PBS and collected by 

centrifugation. Pellets were stored at -80° in SDS buffer (50 mM Tris•HCl pH 8.1, 0.33% SDS, 150mM NaCl, 5 

mM EDTA, and protease inhibitor cocktail) or directly processed. Fixed cells were resuspended in IP buffer 

(100mM tris pH 8.6 0.3% SDS 1.7% TRITON x-100 and 5mM EDTA). Chromatin was then fragmented to 

obtain ~300 bp in average size length by using a Branson Sonifier 250. Chromatin pre-clearing was obtained 

with protein A-sepharose beads (Amersham). Then, the supernatant was immunoprecipitated overnight in the 

presence of 30-50 µl of protein G magnetic beads. For histone modification studies,  a volume  corresponding to 

3x10
6
 cells per each IP and 4ug/ml primary antibody were used; for LSD1, GFI1 and PML Chip-Seq, we used 

40x106 cells and  10ug/ml of primary antibody. 2.5% of input was stored prior to the de-crosslinking procedure. 

De-crosslinking was performed for all the IP samples and corresponding inputs, overnight in 0.1%SDS and 0.1% 

NaHCO3. The day after, the enriched DNA was treated with proteinase K at 56°C for 40 min and purified with a 

DNA purification kit (Qiagen).  

 
ChIP- Seq analysis 
Short reads obtained from Illumina HiSeq 2000 were quality-filtered according to the Illumina pipeline. Analysis 

of the datasets was automated using the Fish the ChIPs pipeline (40) and includes alignment to the hg18 

reference genome using Bowtie v1.0.1 (41) and MACS version 1.4.1 (Zhang et al., 2008) as peak caller to 

identify regions of ChIP-seq enrichment over background. Only reads with a unique match to the genome and 

with two or fewer mismatches (-m 1 –v 2) were retained. MACS was used with a p-value threshold of 10
-5

 for all 

the data sets except for the LSD1 ChIP where the thresholds were set by qPCR validation. Each sample was 

compared to input DNA derived from NB4 cells (DMSO). When calling differentially enriched regions among 

treated and untreated samples, we filtered the resulting regions,  keeping only those found enriched against the 

input. All the lists were annotated over RefSeq genes according to GIN (42) while intergenic regions were 

considered as those at a distance higher than 22kb from the nearest gene. The bigwig files for UCSC browser 

visualization of genome profiles were normalized with the deepToos suite (43) using RPCG. 

 
RNA sequencing and data analysis 

mRNA-seq libraries were prepared according to the True-seq Low sample protocol (Illumina, San Diego, 

California USA), starting with 1ug of total RNA per sample. Raw reads were mapped to the human reference 

genome hg18 using TopHat2 package (41) obtaining comparable number of reads among the samples. 

Differentially expressed genes were determined using Cufflinks and CuffDiff (44). Using the normalized RPKM 

counts for each sample, we first added a pseudo count to the data which was chosen to be the smallest non-zero 

value. Genes with a fold change greater than absolute Log2(1.5) respect to DMSO, FDR≤ 0.05 and FPKM ≥ 0.5 

were defined as differentially expressed genes. Pathway analysis of supplementary figures 5D and 8A was 

performed with QIAGEN’s Ingenuity Pathway Analysis (IPA, QIAGEN Redwood City, 

www.qiagen.com/ingenuity). Gene onthology of fig 2C was performed through DAVID and visualized by a 

custom script in R. 

 
Subcellular fractionation 
For the preparation of cellular sub-fractions, cells were harvested, washed twice with PBS and resuspended in 3 

volumes of Hypotonic Buffer (10 mM Tris HCl pH 7.6, 1.5 mM MgCl2, 10 mM KCl, 1X Roche Protease 

Inhibitors, 0.5 mM PMSF). After 10 minutes on ice, 1/30 of the original volume of Triton 10% was added to the 

cells resuspended in Hypotonic Buffer. Cells were vortexed for 30 seconds and centrifuged for 1 minute at 

11000 rpm. The supernatant (representing the fraction enriched of cytoplasmic protein) was collected and the 

pellet (corresponding to the fraction enriched of nuclei) was re-suspended in 2 volumes of Nuclear Extraction 



 

Buffer (50 mM Tris HCl pH 7.6, 150 mM NaCl, 0.5% NP-40, 20% Glycerol, 2 mM MgCl2, 1:100 Benzonase). 

The suspension was rocked 1h at 4°C and, then, centrifuged at 13000 rpm for 30 minutes. The supernatant, 

representing the nucleosol fraction, was collected and used for the subsequent immuno-precipitation analyses.  

 

Mass-spectrometry data analysis 
Acquired Raw MS data were analyzed with the integrated MaxQuant software v.1.6.0.1, using the Andromeda 

search engine (45); (46). The February 2018 version (UniProt Release 2018_02) of the Uniprot sequence was 

used for peptide identification. Enzyme specificity was set to Trypsin/P, meaning that trypsin cleavage occurs 

also in the presence of proline, after lysine or arginine residues. In MaxQuant, the estimated false discovery rate 

(FDR) of all peptide identifications was set to a maximum of 1%. A maximum of 3 missed cleavages was 

permitted, and the minimum peptide length was fixed at 7 amino acids. Carbamidomethylation of cysteine was 

set as a fixed modification. ‘Requantify’ and ‘Match between runs’ were enabled. 

 

MS-based histone PTM profiling  

Cells were homogenized in lysis buffer (10% sucrose, 0.5 mM EGTA, 60 mM KCl, 15 mM NaCl, 15 mM 

HEPES, 0.5 mM PMSF, 5 µg/ml Aprotonin, 5 µg/ml Leupeptin, 1 mM DTT, 5 mM NaButirrate, 5 mM NaF, 30 

µg/ml Spermine, 30 µg/ml Spermidine and 0.5% Triton X-100) and nuclei were separated from cytoplasm by 

centrifugation on sucrose cushions for 30 minutes at 3750 rpm. Then, histones were extracted through 0.4 N 

hydrochloric acid for 5 hours at 4°C. Extracted histones were lyophilized, resuspended in milliQ water and 

quantified by Bradford assay. 5 µg of histones were in-solution digested prior to LC-MS/MS analysis through 

the hybrid chemical labelling “Pro-PIC” method. This approach is based on an initial conversion of free lysines 

to their propionylated forms under mild aqueous conditions followed by trypsin digestion and labelling of new 

peptide N-termini with phenyl isocyanate (PIC) (47). The digested peptides were desalted and concentrated by 

reversed-phase chromatography onto micro-column C18 Stage Tips. Peptides were then eluted from the stage 

tips with Elution Buffer (60% ACN, 0.1% trifluoroacetic acid), lyophilized, re-suspended in 1% trifluoroacetic 

acid and subjected to LC-MS/MS analysis. The samples were analysed onto a Hybrid Quadrupole-Orbitrap Q 

Exactive Mass Spectrometer, upon separation with a gradient of 10-40% solvent B over 100 min, followed by a 

gradient of 40-60% for 10 min and 60-95% over 3 min at a flow rate of 250 nL/min. MaxQuant software 

v.1.6.0.1 is used for the analysis of MS data, for both protein and peptides identification including as variable 

modifications mono-, di- and tri-methyl lysine, mono- and di- methyl arginine and lysine acetylation. The 

Uniprot HUMAN histones 1502 database was used for histone peptide identification. Enzyme specificity was set 

to ArgC, since the propionylation of lysine residues allows the trypsin cutting only at the C-terminal of arginine 

residues. A maximum of 3 missed cleavages were permitted, and the minimum peptide length was fixed at 6 

amino acids. PIC at the N-terminal of each peptide was set as a fixed modification. Histone modifications were 

quantified by label-free approach, in particular by calculating the area under the curve (AUC) of each modified 

histone peptide and, then extrapolating the percentage relative abundance (%RA), which corresponds to the ratio 

of the AUC of each individual modified peptide over the sum of the AUC of all modified isoforms of the same 

peptide. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Supplementary Figures 

 
Figure S1. LSD1 knock-down and knock-out recapitulates LSD1 inhibition. 

A) Western blot analysis of LSD1 levels in NB4 cells transduced with constructs  sh#3 and sh#5 (targeting LSD1). 

A scrambled sequence was used as experimental control. Vinculin served as loading control. B) NB4 cells were 

transduced with the indicated vectors and treated for 96 hours in liquid culture with RA 0.01µM or DMSO as 

control. C) Morphological analysis (May Grümwald-Giemsa staining) of NB4 cells treated as described for 96 hours 

in liquid culture D) Analysis of cell viability of NB4 and NB4 LSD1 KO cells in liquid culture at 24, 48, 72, 96 

hours. Y-axes indicates cell viability (Cell-Titer Glo luminescence) normalized to time 0. E) Colony forming ability 

of NB4 and NB4 LSD1 KO cells plated in methylcellulose medium. Mean and standard deviation of three 

independent experiments are shown. Two-tailed unpaired Student’s t-test, n.s. = not significant. 
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Figure S2. LSD1 inhibition or Knock-Out induce H3K4 methylation accumulation. 
A) Mass Spectrometry- based quantification of the differently modified isoforms of H3(3-8) peptide, bearing 

unmodified, H3K4me1, H3K4me2 and H3K4me3. Histones were purified by strong acid extraction of nuclei from 

NB4 cells treated with DDP_38003 and DMSO as control (measurements were obtained with 3 biological replicates 

and 3 technical replicates for each biological replicate). P-values were obtained by two-tailed paired Student’s t-test 

(n.s. = not significant; *** p < 0.001). b) Mass Spectrometry- based quantification of the differently modified 

isoforms of H3(3-8) peptide, bearing unmodified, H3K4me1, H3K4me2 and H3K4me3. Histones were fractionated 

by strong acid extraction of nuclei from wild type and LSD1 KO NB4 cells (n = 3 each). P-values were obtained by 

two-tailed paired Student’s t-test (n.s. = not significant; * p < 0.05). C) Western blot analysis of H3K4me, 

H3K4me2 and H3K4me3 in NB4 and NB4 KO cells. H3 served as loading control. Dashed line indicates that lanes 

have been cropped and paired from the same original membrane. 
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Figure S3. LSD1 inhibition potentiates the therapeutic effect of RA. 
May Grümwald-Giemsa staining of blood smears of mice treated as indicated (see Figure 1i).  



 

 
Figure S4. LSD1 inhibition allows APL cells differentiation bypassing  PML-RAR function. 
A) Western blot analysis of PML-RAR levels in NB4 cells treated as indicated for 24 hours. Tubulin served as 

loading control. B) Representative images showing immunostaining of PML in NB4 cells treated as indicated. 

Nuclei are identified by DAPI staining. White arrows indicate examples of PML nuclear bodies. C) PML-RAR 

recruitment at target genes assessed by ChIP-qPCR . The results represent percentage of input chromatin and error 

bars indicate in NB4 cells s.d. from triplicate experiments. D) Venn diagram of  ChIP-Seq peaks of LSD1 and PML-

RAR in NB4 cells. E) Pie chart representing the percentage of stable, increasing and decreasing LSD1 ChIP-Seq 

peaks in PR9 cells before and after PML-RAR induction. F) Barplot representing the percentage of PML-RAR 

targets in genes specifically activated by MC_2580 and RA 0.01µM or activated by RA 1µM. 



 

 
Figure S5. 24 hours of treatment with LSD1i are sufficient to sensitize NB4 cells to RA-induced 

differentiation. 

A) Schematic representation of wash-out experiments. NB4 cells were co-treated with RA 0.01µM for 96h and 

MC_2580 2μM for 6, 12, 24 and 96 hours. At  the indicated time-points, cells were washed several times, and 

medium containing only RA was added. B) NB4 cells were counted after 96 hours of treatment as in (A). 24 hours 

of LSD1 inhibition is sufficient to induce similar growth arrest to the longer treatment where the inhibitor is kept in 

the medium for 96 hours. C) RNA sequencing of NB4 KO cells. Barplot represents number of genes regulated (up 

or down regulated respect to the untreated control cells, RPKM>0.5, log2(FC)>1.5). MC_2580 and MC_2580 plus 

RA 0.01µM treated NB4 cells are reported also in figure 3a. D) Ingenuity Pathway Analysis (IPA) of genes up-

regulated upon MC_2580 plus RA 0.01µM treatment (n = 868, left panel) or all genes up-regulated by RA 1µM 

treatment  (n = 571, right panel). Adjusted p-value for each class is shown. 

 



 

 
Figure S6. LSD1 inhibition and RA treatment remodel the chromatin landscape of NB4 cells. 
A) Pie chart indicates genome annotations for 12698 LSD1 binding peaks. B) Violin plot representing the transcript 

levels (normalized RNA-seq intensities, log2 fold change) of NB4 cells treated as described for 24 hours. The plot 

refers to the same genes as in panel (C). C) Boxplot analysis of H3K4me, H3K4me2, H3K4me3 and H3K27ac 

enrichment upon indicated treatment at genes specifically up- regulated upon MC_2580 plus RA 0.01µM (n = 382, 

see figure 3b). Values are represented as fold change versus DMSO. D) Violin plot representing the transcript levels 

(normalized RNA-seq intensities, log2 fold change) of NB4 cells treated as described for 24 hours. The plots refer to 

genes up-regulated by MC_2580 plus RA 0.01µM, or by RA 1µM (n = 486). E) Boxplot analysis of H3K4me, 

H3K4me2, H3K4me3 and H3K27ac enrichment upon indicated treatment at the 486 genes shown in panel (D, see 

figure 3b). Values are represented as fold change versus DMSO. 

 



 

 
Figure S7. Pharmacological inhibition of LSD1 disrupts the interaction with GFI1. 

A) Western blot analysis of LSD1 and GFI1 in GFI1 immunoprecipitations (IP) in NB4 cells treated for 24 hours 

with DMSO, MC_2580 2µM or DDP_38003 2µM. B-C) Western blot analysis of LSD1 and GFI1 in anti-LSD1 (IP-

LSD1, panel B) or anti-GFI1 (IP-GFI1, panel C) immunoprecipitations in NB4 LSD1 KO cells transduced with 

Empty vector, wild-type or a catalytically inactive (K661A) LSD1 mutant. Asterisk marks LSD1, the arrow 

indicates a non-specific band. D) Western blot analysis of LSD1 and GFI1 in anti-LSD1 immunoprecipitations (IP-

LSD1) in in NB4 LSD1 KO cells transduced with Empty vector, wild-type or a catalytically inactive (K661A) 

LSD1 mutant, and then treated with MC_2580 2µM (or DMSO alone, as control). Asterisk marks LSD1, the arrow 

indicates a non-specific band. 

 

 

 

 

 

 



 

 
 

Figure S8. GFI1 recruits LSD1 to genes involved in hematopoietic cell differentiation and function. 
A) Ingenuity Pathway Analysis (IPA) of genes associated to the 732 GFI1-bound regions that lose LSD1 ChIP-seq 

signal after treatment with MC_2580. B) GFI1 recruitment (ChIP-qPCR) before and after LSD1 inhibition at three 

regions showing overlapping binding of LSD1 and GFI1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table S1: The basal LSD1 interactome in NB4 cells. 

Spreadsheet 1: Protein ratio distribution of the nuclear extract used as Input for the IP-LSD1 Forward 01 experiment 

(Rep1). 

Spreadsheet 2: Analysis of LSD1 interactome from the IP-LSD1 Forward 01 experiment (Rep1), where competing 

soluble LSD1-peptide was added to the Light channel. Protein ratios were normalised on the median of the protein 

ratio distribution of the corresponding Input (spreadsheet 1), to correct for mixing errors. The protein ratio 

distributions of the IP obtained using a mixing model approach are displayed on the right. Putative LSD1 interactors 

of this replicate are shown in yellow. 

Spreadsheet 3: Protein ratio distribution of the nuclear extract used as Input for the IP-LSD1 Forward 02 experiment 

(Rep2). 

Spreadsheet 4: Analysis of LSD1 interactome from the IP-LSD1 Forward 02 experiment (Rep2), where competing 

soluble LSD1-peptide was added to the Light channel. Protein ratios were normalised on the median of the protein 

ratio distribution of the corresponding Input (spreadsheet 3). The protein ratio distributions of the IP obtained using 

a mixing model approach are displayed on the right. Putative LSD1 interactors of this replicate are shown in yellow. 

Spreadsheet 5: Protein ratio distribution of the nuclear extract used as Input for the IP-LSD1 Reverse experiment 

(Rep3). 

Spreadsheet 6: Analysis of LSD1 interactome from the IP-LSD1 Reverse experiment (Rep3), where competing 

soluble LSD1-peptide was added to the Heavy channel. Protein ratios were normalised on the median of the protein 

ratio distribution of the corresponding Input (spreadsheet 5). The protein ratio distributions of the IP obtained using 

a mixing model approach are displayed on the right. Putative LSD1 interactors of this replicate are shown in yellow. 

Spreadsheet 7: List of the 147 common putative LSD1 interactors, extrapolated as top binders from the overlap of 

three SILAC-IP replicates. Proteins belonging to the CoREST complex are displayed in yellow. 

 

 

Table S2: The dynamic LSD1 interactome upon treatment of NB4 cells with MC_2580. 

Spreadsheet 1: Analysis of the changes in the LSD1 interactome upon drug treatment in the Forward experiment, 

where the drug was added to the Heavy channel. Proteins are ranked in an ascending H/L protein ratios, to highlight 

the interactors that are evicted upon drug treatment. Specific LSD1 interactors emerged from the basal interactome 

experiment are highlighted in yellow. Significantly evicted proteins are shown in pink while statistically recruited in 

green. 

Spreadsheet 2: Analysis of the changes in the LSD1 interactome upon drug treatment in the Reverse experiment, 

where the drug was added to the Light channel. Proteins are ranked in an ascending L/H protein ratios, to highlight 

the interactors that are evicted upon drug treatment. Specific LSD1 interactors emerged from the basal interactome 

experiment are highlighted in yellow. Significantly evicted proteins are shown in pink while statistically recruited in 

green. 

Spreadsheet 3: List of unchanged, evicted and recruited proteins in the LSD1 complexes upon drug treatment, in 

common between the two SILAC-IP replicates. Specific LSD1 interactors emerged from the basal interactome 

experiment are highlighted in yellow. Significantly evicted proteins are shown in pink while statistically recruited in 

green. 
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