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Supplementary Figures and Legends:  

 



 

 

Figure S1. Selinexor dose-response cell viability curves for AML ex vivo patient samples 

included in phosphoproteomics analysis, Related to Figure 1. Cells from AML patients were 

treated ex vivo with selinexor or DMSO as control and cell viability was measured after 48 hours (n 

= 4 technical replicates each dose). Mean dose-response data was fitted to a dose response curve 

(modified Hill function) and EC50 was calculated for each sample (as shown in Fig. 1D). Dashed 

lines are plotted for reference, 100% cell viability in black and 50% in red.   

 

 

 

 

 

 

 

 

 

 



 

 

 

Figure S2. Phosphoproteomics of selinexor response in AML ex vivo patient samples, Related 

to Figure 1. (A) Summary of the number of identified phosphorylated peptides and phosphoproteins 

in each of the four TMT sets. (B) Overlap in phosphoproteins identified and quantified in the four 



 

 

analyzed TMT-multiplex sets. (C-D) Heatmaps of the Pearson correlation coefficients comparing the 

four analyzed TMT-multiplex phosphoproteomics ex vivo data sets before (C) and after (D) 

normalization and batch corrections. (E) Volcano plots of −log10 transformed false discovery rate 

(FDR)–corrected p-values versus log2(fold change) of phosphorylation site intensities measured by 

TMT multiplexing analysis and MS. Fold change represents selinexor treatment (1 μM for 6 hours) 

versus DMSO control of ex vivo grown AML cells. Data is represented as the overall analysis (n = 

20) (left panel), the group of responders (n = 9) (middle panel) and the group of non-responders (n = 

11) (right panel). FOXO3 coordinates and regulation are highlighted. Two-sided t-test was performed 

and a site is considered significant for FDR < 0.05 and hyperbolic curve threshold of s0 = 0.1 using 

Perseus software. (F) Sequence motif enrichment analysis by WebLogo of the ±6 amino acid residues 

flanking the regulated phosphorylation site. Data is represented for the overall analysis (n = 20) (left 

panel), the group of responders (n = 9) (middle panel) and the group of non-responders (n = 11) (right 

panel). 

 



 

 

 



 

 

Figure S3. Kinase-substrate and gene-set enrichment analysis of AML ex vivo 

phosphoproteomics data and genetic annotation patient samples and correlation to selinexor 

response, Related to Figure 1. (A-D) Kinase-substrate enrichment analysis (KSEA) of the ex vivo 

samples for the overall analysis (A), responders (B), and non-responders (C) when comparing treated 

(1μM selinexor for 6h) vs. untreated (DMSO), (D) shows the KSEA results of responder samples 

when compared to non-responders untreated (DMSO). Dots in orange with labels are the significantly 

enriched kinases. A negative KSEA score denotes downregulated kinases and positive scores denote 

up-regulated kinases according to the regulation of their target phosphosites. Significance threshold 

was set to P < 0.05. (E) Gene-set enrichment analysis (GSEA) scores for the top 10 ranked gene sets 

among the down- (left panels) and up-regulated (right panels) in the overall analysis (top), responders 

(middle) and non-responders (bottom). The gene sets are ranked according to the consensus rank 

(median) across different statistical methods used for the enrichment (colored dots). (F) 

Szymkiewicz-Simpson index (overlap coefficient) of genetic annotations and response groups. Also 

known as overlapping coefficient, the Szymkiewicz-Simpson index is defined as the ratio between 

the size of the intersection between two sets divided by the size of the smaller one of the sets.  Genetic 

annotations considered are known alterations in AML and described in the figure (Papaemmanuil et 

al., 2016). Circle sizes represent the number of samples in each group and line thickness the overlap 

coefficient value. 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 

Figure S4. Pathway-centric focus of the phosphoproteome and proteome of ex vivo AML patient 

samples, Related to Figure 2. (A) Overlap in number of functional phosphorylation sites (score >0.6) 

among down- (upper panel) and upregulated (lower panel) between responders and non-responders. 

(B) Heatmap of the log2(FC) for all regulated phosphorylation sites identified for responders and 

non-responders assigned to the KEGG pathways: FOXO signaling (KEGG database identifier: 

04068) and mTOR signaling (KEGG database identifier: 04150). Grey color indicates missing 

quantification by mass spectrometry and suffixes _1, _2, _3 refer to the whether the quantification 

was derived from mono-, doubly- or triply-phosphorylated peptides. (C) Selinexor EC50 values for 

15 ex vivo AML patient samples. Values were extracted from dose-response models based on cell 

viability after treatment (48h) with selinexor (See also Fig. S5 for dose-response curves of the 15 

patient samples). A binary cut-off of 1000 nM (dashed line) was used to determine selinexor 

sensitivity. Patients with EC50 < 1000 nM were considered selinexor responders (n = 3) and patients 

with EC50 > 1000 nM were considered non-responders (n = 12). (D-E) Volcano plots of −log10 

transformed false discovery rate (FDR)–corrected P-values versus log2(fold change) of protein LFQ 

intensities from DIA-based single-shot proteome MS analysis of 30 ex vivo AML patient samples. 

Fold change represents pre-treatment (C) (before) and post-treatment (D) (after; 1 μM selinexor for 

6 hours) of responders versus non-responders. Two-sided t-test was performed and a protein is 

considered significant for FDR < 0.05 and hyperbolic curve threshold of s0 = 0.1 using Perseus 

software. (F) Heatmap of the log2-transformed pre- (before) and post-treatment (after) LFQ 

intensities for proteins identified for responders and non-responders and assigned to the KEGG 

pathways: FOXO signaling (KEGG database identifier: 04068; in blue) and mTOR signaling (KEGG 

database identifier: 04150).  



 

 

 

Figure S5. Selinexor dose-response cell viability curves for 15 additional AML ex vivo patient 

samples, Related to 2. Cells from AML patients were treated ex vivo with selinexor or DMSO as 

control and cell viability was measured after 48 hours (n = 4 technical replicates each dose). Mean 

dose-response data was fitted to a dose response curve (modified Hill function) and EC50 was 

calculated for each sample (as shown in Fig. S4C and Table S3). Dashed lines are plotted for 

reference, 100% cell viability in black and 50% in red.  

 

 



 

 



 

 

Figure S6. Effects of normalization of AML cell line phosphoproteome data, sequence motif 

and gene-set enrichment analysis, Related to Figure 3. (A-B) Heatmaps of the Pearson correlation 

coefficients comparing the four analyzed TMT-multiplex phopshoproteomics data sets obtained from 

AML cell lines before (A) and after (B) normalization and batch correction. (C) Sequence motif 

enrichment analysis by WebLogo of the ±6 amino acid residues flanking the regulated 

phosphorylation site. Data is represented for the group of up- and downregulated phosphorylation 

sites for each of the AML cell lines as indicated. (D-E) Gene-set enrichment analysis (GSEA) scores 

for the top 10 ranked gene sets among the down- (D) and upregulated (E) for each AML cell line as 

indicated. The gene sets are ranked according to the consensus rank (median) across different 

statistical methods used for the enrichment (colored dots). See also Table S4. 

 

 

 

 

 

 



 

 

 

Figure S7. Phosphoregulation overlap with ex vivo phosphoproteome and proteome profiling 

of AML cell lines, Related to Figure 4. (A) Overlap in number of identified phosphorylation sites 

(p-sites) regulated (downregulated: left, upregulated: right) among ex vivo responders and sensitive 

AML cell lines (blue) and non-responders and resistant AML cell lines (red). (B) Hierarchical 

clustering of log2-transformed LFQ intensities of proteins (n=4,765; quantified with >2 peptides) 

identified in the single-shot proteome analysis of MV-4-11, NOMO-1, PL-21, and GDM-1 cells (n = 

4 bioreps for each cell line). See also Table S3. 



 

 

 



 

 

Figure S8. Combination treatment of selinexor sensitive and resistant AML cell lines, Related 

to Figure 5. (A) Dose-response cell viability assay for MV-4-11, GDM-1, PL-21, and NOMO-1. 

Cells were treated for 72 hours with 11 different concentrations of nutlin-3a (n = 4 technical replicates 

each dose). DMSO was used as control and estimated relative and absolute EC50 values each of the 

cell lines was calculated (n = 2 bioreps). (B) Western blot of lysates of MV-4-11, GDM-1, PL-21, 

and NOMO-1 treated with DMSO or nutlin-3a (1 M) for 24 hours and immunoblotted for p53, p21 

and -actin (for reference) (n = 2). (C-D) Western blot (C) lysates from MV-4-11, GDM-1, PL-21, 

and NOMO-1 treated with selinexor (GDM-1: 50 nM, rest 200 nM) or nutlin-3a (1 M) alone or the 

combination for 24 hours and immunoblotted for cleaved caspase-3 and GAPDH (for reference). 

Blots are quantified in (D) and bar graphs represent mean +/- S.D. (n = 3, except GMD-1: n = 2). (E) 

GDM-1 and MV-4-11 cells were treated with selinexor and MK-2206 alone or in combination and 

cell viability was measured after 72 hours. 3D plots show the mean relative survival (color scale, z-

axis) against selinexor and MK-2206 doses (x and y axes). (F-G) Western blot of lysates from GDM-

1 and PL-21 cells treated with selinexor (200 nM), MK-2206 (1 M) alone or the combination for 24 

hours and immunoblotted for indicated antibodies and -actin (for reference). Blots are representative 

of n = 1 for GDM-1 and n = 2 for PL-21 cells.  

 

 



 

 

 

Figure S9. Subcellular (phospho)proteome analysis upon selinexor and MK-2206 single and 

combination treatment, Related to Figure 6. (A-B) Bar-plot summary of the identified proteins (A) 

and phosphorylation sites (B) in MV-4-11 and PL-21 cells as average of n = 4 biological replicates 

per fraction. Data represent mean ± SD across fractions 1-6 for each treatment condition. (C-D) 

Heatmaps of Pearson’s correlation coefficient (R-value) from MV-4-11 (left) and PL-21 (right) cells 

for the subcellular proteome (C) and phosphoproteome (D) analysis of in total 4 treatment conditions; 

DMSO, selinexor, MK-2206 and combination (in n = 4 replicates) across 6 fractions. (E) Overview 

of the spatial phosphoproteome data summarizing the number of identified phosphorylation sites and 

phosphoproteins derived from the analysis of MV-4-11 and PL-21 cells. (F) Heatmap of scaled 

intensities per fraction of the subcellular phosphoproteome of MV-4-11 (left) and PL-21 (right) cells 



 

 

(DMSO-treated cells; n = 4 independent experiments), showing phosphorylation site and sample 

clustering. See also Table S5 and Table S6. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Figure S10. Subcellular proteome response to selinexor and MK-2206 single and combination 

treatment in MV-4-11 and PL-21 cells, Related to Figure 6. (A) Heatmap representation of a 

selection of XPO1 cargo with average log2-transformed LFQ intensities of n = 4 replicates per 

treatment condition. (B-E) Volcano plots of −log10 transformed false discovery rate (FDR)–corrected 

P-values versus log2(fold change) of LFQ protein intensities measured by MS in fraction 2. Fold 

change represents selinexor treatment (1 μM for 6 hours) versus DMSO control in PL-21 (B), the 

combination (selinexor and MK-2206) versus DMSO in MV-4-11 cells (C) and MK-2206 treatment 

alone (1 μM for 6 hours) versus DMSO control in MV-4-11 (D) and PL-21 (E) cells. A two-sided t-

test was performed and a protein is considered significant for FDR < 0.05 (dotted line) and FDR < 

0.01 (solid line) and hyperbolic curve threshold of s0 = 0.1 using Perseus software. A selection of 

known XPO1 cargo is highlighted in blue. See also Table S5. 

 



 

 

 

Figure S11. Subcellular phosphoproteome response to selinexor in MV-4-11 cells is 

recapitulated by drug synergy combination with MK-2206 in PL-21 cells, Related to Figure 6. 

(A, C-F) Volcano plots showing differentially regulated phosphorylation sites. Significance was 

deemed by a two-sided t-test (FDR < 0.05 (dotted line), FDR < 0.01 (solid line), s0 = 0.1) using 

Perseus software. Fold change represents selinexor treatment versus DMSO control in MV-4-11 cells 

in fraction 1 (A). (B) Sequence motif analysis of the upregulated phosphorylation sites compared to 

sites that are downregulated in (A). (C-F) Volcano plots of fraction 1 in PL-21 cells with fold change 

represented by selinexor treatment (C) and synergy combination (D) versus DMSO control. Volcano 



 

 

plots of fraction 2 (E-F) show fold change for selinexor treatment versus DMSO in MV-4-11 cells 

(E) and synergy combination versus DMSO in PL-21 cells (F). See also Table S6. 

 

 

 

 

 

 

 


