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SUPPLEMENTARY DATA 
 
 
SUPPLEMENTARY METHODS 
 

Cell culture 

The myeloma cell lines (AMO-1, L363, RPMI-8226 and ARH-77) and their derivatives were 

maintained in 10% FCS-supplemented RPMI-1640 with 1% penicillin/streptomycin (all 

Merck/Sigma‒Aldrich, Buchs, Switzerland). U2-OS cell line was maintained in 10% FCS-

supplemented Dulbecco's Modified Eagle's Medium (DMEM) with 1% penicillin/streptomycin 

(all Merck/Sigma‒Aldrich). Cell lines were routinely tested for mycoplasma contamination 

using MycoAlert Mycoplasma Detection Kit (Lonza, Basel, Switzerland) and verified by STR-

typing (DSMZ, Braunschweig, Germany).  

 

Chemicals 

Proteasome inhibitors: bortezomib (PS-341; HY-10227) and carfilzomib (PR-171; HY-10455), 

ALK-inhibitors: crizotinib (PF-02341066; HY-50878), ceritinib (LDK378; HY-15656), brigatinib 

(AP-26113; HY-12857), entrectinib (NMS-E628; HY-12678), alectinib (CH5424802; HY-

13011), lorlatinib (PF-06463922; HY-12215) and ensartinib (X-396; HY-103714) ; FOXO-1 

inhibitor (AS-1842856; HY-100596), IGF-1R/INSR inhibitor (NVP-AEW541; HY-50866), IGF-

1R/INSR inhibitor (BMS-536924; HY-10262), were purchased from MedChem Express 

(Monmouth Junction, NJ, USA). 

 

Viability assays 

Cytotoxicity of the treatments in cell lines was assessed using the Cell Counting Kit-8 (CCK-8) 

colorimetric assay (GLPBio, Montclair, CA, USA). Cells were seeded into clear, flat-bottom 96-

well plates and treated with the indicated doses and drug combinations for 48 hours. Following 

treatment, CCK-8 reagent was added, and absorbance was measured at 492 nm using a 

Tecan microplate reader (Tecan, Männedorf, Switzerland).  

For primary cells, cytotoxicity was evaluated using the CellTiter-Glo luminescence assay 

(Promega, Madison, WI, USA). Cells were seeded in white, flat-bottom 96-well plates and 

treated under the same conditions. After 48 hours, luminescence was measured using a Tecan 

reader.  

Dose-response curves and IC₅₀ values were generated using non-linear regression analysis. 

The coefficient of drug interaction (CDI) in the combination treatment was calculated as 
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Analysis of proteasome function by Ub-G76V-GFP 

AMO-1 cells were stably expressing Ub-G76V-GFP were generated previously.23 

Accumulation of GFP fluorescence in cells 12 h after respective treatment was acquired using 

a BD LSRFortessa cell analyzer (BD Biosciences). The data were analyzed using the 

FACSDiva Software (BD Biosciences). 

 

Generation of U-2 OS cells with full FOXO1-Clover 

U-2 OS cells were equipped with fluorescently-tagged FOXO-1 construct using lentiviral 

transduction, as described above. pLenti-FoxO1-Clover (RRID:Addgene_67759, a gift from 

Peter Rotwein), allows assessment of Akt activity in single cells24 using FoxO-1, a well-

characterized Akt kinase substrate.25 The transduced cells were enriched for GFP positivity 

and subcloned. The single-cell-derived clones with stable and uniform GFP fluorescence were 

further used. To identify nuclear translocation of FOXO-Clover, cells were equipped with nuc-

mCherry-pTRIP (RRID:Addgene_163520, a gift from Thomas Weber). 

 

Incucyte measurement 

Real-time monitoring of FOXO-1 localization was performed using the Incucyte® S3 Live-Cell 

Analysis System (Sartorius, Göttingen, Germany), following the Real-Time Kinetic Analysis of 

Akt Activity protocol provided by Sartorius. Cells were imaged and analyzed over a 12-hour 

period every hour. In this setup, nuclear regions were identified via the mCherry signal, while 

FOXO-1 localization was tracked through the Clover (GFP) signal. Quantification of nuclear 

FOXO-1 was performed by measuring the GFP fluorescence intensity within the mCherry-

defined nuclear area. Translocation was expressed as 1 - normalized nuclear GFP intensity 

relative to time 0, indicating FOXO-1 ratio in nucleus to the cytoplasm over time. 

 

Quantification and statistical analysis 

Statistical analysis was performed as indicated in specific method description or in figure 

legends. A p value < 0.05 was considered to indicate statistical significance.  

Unless otherwise specified, all data were evaluated in GraphPad Prism v10 (GraphPad 

Software, La Jolla, CA). Graphical abstract was generated using CorelDRAW Graphics Suite 

(Alludo, 2025), v 2018. 
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SUPPLEMENTARY FIGURES 
 
Figure S1: Cytotoxicity of ceritinib in combination with proteasome inhibitors in the 

AMO-1 model, represented as a decrease in viability relative to control cells.  

(A, B, C) Cytotoxicity of ceritinib in combination with bortezomib in AMO-1, AMO-BTZ and 

AMO-CFZ cells.  

(D, E, F) Cytotoxicity of ceritinib in combination with carfilzomib in AMO-1, AMO-BTZ and 

AMO-CFZ cells.  

Cell viability was assessed 48 h after continuous treatment. Data represent the mean ± SD 

from at least 3 independent experiments. The coefficient of drug interaction (CDI) for the 

combination treatments was calculated and is presented in Table 1. 

 
 
BTZ: bortezomib; Ceri: ceritinib; CFZ: carfilzomib. 
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Figure S2: Cytotoxicity of ceritinib in combination with proteasome inhibitors in the 

L363 model, represented as a decrease in viability relative to control cells.  

(A, B, C) Cytotoxicity of ceritinib in combination with bortezomib in L363, L363-BTZ and L363-

CFZ cells.  

(D, E, F) Cytotoxicity of ceritinib in combination with carfilzomib in L363, L363-BTZ and L363-

CFZ cells.  

Cell viability was assessed 48 h after continuous treatment. Data represent the mean ± SD 

from at least 3 independent experiments. The coefficient of drug interaction (CDI) for the 

combination treatments was calculated and is presented in Table 1. 

 

 
BTZ: bortezomib; Ceri: ceritinib; CFZ: carfilzomib. 
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Figure S3: Cytotoxicity of ceritinib in combination with proteasome inhibitors in the 

ARH-77 model, represented as a decrease in viability relative to control cells.  

(A, B, C) Cytotoxicity of ceritinib in combination with bortezomib in ARH-77, ARH-BTZ and 

ARH-CFZ cells.  

(D, E, F) Cytotoxicity of ceritinib in combination with carfilzomib in ARH-77, ARH-BTZ and 

ARH-CFZ cells.  

Cell viability was assessed 48 h after continuous treatment. Data represent the mean ± SD 

from at least 3 independent experiments. The coefficient of drug interaction (CDI) for the 

combination treatments was calculated and is presented in Table 1. 

 

 

BTZ: bortezomib; Ceri: ceritinib; CFZ: carfilzomib. 
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Figure S4: Cytotoxicity of ceritinib in combination with proteasome inhibitors in the 

RPMI-8226 model, represented as a decrease in viability relative to control cells.  

(A, B, C) Cytotoxicity of ceritinib in combination with bortezomib in RPMI-8226, RPMI-BTZ and 

RPMI-CFZ cells.  

(D, E, F) Cytotoxicity of ceritinib in combination with carfilzomib in RPMI-8226, RPMI-BTZ and 

RPMI-CFZ cells. 

Cell viability was assessed 48 h after continuous treatment. Data represent the mean ± SD 

from at least 3 independent experiments. The coefficient of drug interaction (CDI) for the 

combination treatments is presented in Table 1. 

 

  

BTZ: bortezomib; Ceri: ceritinib; CFZ: carfilzomib. 
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Figure S5: Effect of ceritinib, carfilzomib and their combination on mice well-being.  

NSG mice were injected intrafemorally with AMO-BTZ cells. Seven days after orthotopic 

implantation, treatment was initiated with ceritinib (25 mg/kg, orally, 5 days/week), carfilzomib 

(4 mg/kg, intravenously, 2 days/week), or their combination. Captisol was used as the vehicle 

control. Mice were treated for 2 weeks and monitored for changes in (A) body weight, (B) blood 

glucose levels, and (C) hemoglobin levels. Statistical significance was tested with two-way 

ANOVA and Tukey´s posttest, no significant differences were obtained. 

 

Ceri: ceritinib; CFZ: carfilzomib; CTRL: vehicle control (Captisol); Hb: haemoglobin; NSG: NOD/Scid 

gamma 
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Figure S6: Expression of kinases in MM cell lines.  

Violin plot representing expression of kinases identified to be candidates for ceritinib inhibition 

in a set of MM cell lines (AMO-1, AMO-BTZ, AMO-CFZ, L363, L363-BTZ, L363-CFZ, RPMI-

8226 and RPMI-BTZ). Data represent FPKM (Fragments Per Kilobase Million) values. 

 

 

ALK: Anaplastic Lymphoma Receptor Tyrosine Kinase; BLK: B Lymphoid Tyrosine Kinase; BTK: Bruton 

Tyrosine Kinase; FES: FES Proto-Oncogene, Tyrosine Kinase; FLT3: Fms Related Receptor Tyrosine 

Kinase 3; IGF-1R: Insulin Like Growth Factor-1 Receptor; INSR: Insulin Receptor; LCK: LCK Proto-

Oncogene, Src Family Tyrosine Kinase; SRC: SRC Proto-Oncogene, Non-Receptor Tyrosine Kinase; 

ZAP70: Zeta Chain Of T Cell Receptor Associated Protein Kinase 70. 

FPKM: Fragments Per Kilobase Million 
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Figure S7: Expression and dependency on putative targets of ceritinib, obtained from 

Cancer Dependency Map.  

(A) Expression of INSR, IGF-1R, BTK and SRC in 24 MM cell lines. 

(B) Dependency on INSR, IGF-1R, BTK and SRC in 24 MM cell lines. For dependency, the 

lower is Gene dependency score, the more essential is the gene for viability. List of cell lines 

and expression of genes is available in Supplementary Table S4. 

 

BTK: Bruton Tyrosine Kinase; IGF-1R: Insulin Like Growth Factor-1 Receptor; INSR: Insulin Receptor; 

SRC: SRC Proto-Oncogene, Non-Receptor Tyrosine Kinase 

 

 

 

 

 

 

 

 

 

Figure S8: Cytotoxicity of ceritinib in combination with IGF-1R/INSR inhibitors in MM 

cells, represented as a decrease of viability relative to control cells.  

(A-D) Cytotoxicity of ceritinib in combination with IGF-1R/INSR inhibitor NVP-AEW541 in 

AMO-1 (A), AMO-BTZ (B), AMO-CFZ (C) and L363 (D) cells.  

(E-H) Cytotoxicity of ceritinib in combination with IGF-1R/INSR inhibitor BMS-236924 in AMO-

1 (E), AMO-BTZ (F), AMO-CFZ (G) and L363 (H) cells. 

In all experiments, viability was assessed 48 hours post continuous treatment. Data represent 

the mean ± SD of at least 3 independent experiments.  

The coefficient of drug interaction (CDI) for the combination treatments was calculated. 
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BTZ: bortezomib; CFZ: carfilzomib; IGF-1R: Insulin Like Growth Factor-1 Receptor; INSR: Insulin 

Receptor 
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Figure S9: Phosphorylation of p70 S6 kinase and ribosomal protein S6.  

Quantification of changes in phosphorylation of p70 S6 kinase (p70S6K) and ribosomal S6 

protein in AMO-1 cells following western blot analysis, complementing Figure 3G. Data 

represent mean ± SD of three independent experiments. Statistical significance was 

determined by one-way ANOVA with Tukey’s multiple comparisons test: *p < 0.05, **p < 0.01, 

***p < 0.001, ****p < 0.0001. 
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Figure S10: GSEA of ceritinib, carfilzomib, and combination treatments. 

Enrichment plot showing significantly deregulated biological processes, based on GSEA 

followed by GO BP classification, in AMO-1 cells 8 hours after treatment with 4 µM ceritinib. 

(A) GSEA enrichment plot showing negative enrichment of the E2F target gene set following 

ceritinib treatment. 

(B) Heatmap illustrating the leading-edge deregulated genes (log2 FC ≥ -3 for ceritinib 

treatment) under the control of the E2F transcription factor. 

(C) Enrichment plot depicting significantly deregulated biological processes in AMO-1 cells 8 

hours after treatment with 5 nM carfilzomib, based on GSEA and GO BP classification. 

(D) GSEA enrichment plot showing positive enrichment of the FOXO1 target gene set following 

ceritinib treatment. 

(E) Enrichment plot showing significantly deregulated biological processes in AMO-1 cells 8 

hours after treatment with the combination of 4 µM ceritinib and 5 nM carfilzomib, based on 

GSEA and GO BP classification. 

(F) Heatmap illustrating the leading-edge deregulated genes (log2 FC ≥ 3 for ceritinib 

treatment) under the regulation of the FOXO1 transcription factor. 

(G) Heatmap of leading-edge genes associated with the autophagy biological process 

identified through GSEA. 
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CER: ceritinib; CFZ: carfilzomib; COMBI: combination of ceritinib and carfilzomib; E2F: E2F transcription 

factor; FOXO1: Forkhead Box O1; GSEA: Gene Set Enrichment Analysis; Log2 FC: Log2 fold change 
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Figure S11: Levels of HSPA5 (BiP) and HSP70 in cell lines. Quantification of HSPA5 

(GRP78/BiP) and HSP70 following western blot analysis, complementing Figures 4H–I. 

(A) Changes in HSP70 and HSPA5 levels in AMO-1 cells at 4 and 8 hours after treatment with 

4 µM ceritinib, 5 nM carfilzomib, or their combination (C+C). 

(B) Changes in HSP70 and HSPA5 levels in L363, AMO-BTZ, and L363-BTZ cells 8 hours 

after treatment with 5 nM carfilzomib or the combination with 4 µM ceritinib (C+C). 

Data represent mean ± SD of three independent experiments. Statistical significance was 

determined by one-way ANOVA with Tukey's multiple comparisons test: *p < 0.05, **p < 0.01, 

***p < 0.001, ****p < 0.0001. 

A) 

 

 

 

 

B) 

 

 

 

 

 

 

Ceri: ceritinib; CFZ: carfilzomib; GAPDH: Glyceraldehyde-3-Phosphate Dehydrogenase; HSPA5/BiP: 

Heat Shock 70kDa Protein 5 (Glucose-Regulated Protein, 78kDa)/ Binding-Immunoglobulin Protein; 

HSP70: Heat Shock 70 KDa Protein. 
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Figure S12: Levels of PolyUb protein.  

Quantification of polyUb following western blot analysis, complementing Figure 5A. Presented 

are changes in polyUb level in AMO-1 cells at 8 hours after treatment with 4 µM ceritinib, 5 nM 

carfilzomib, or their combination (C+C). Data represent mean ± SD of three independent 

experiments. Statistical significance was determined by one-way ANOVA with Tukey's multiple 

comparisons test: *p < 0.05. 

 

 

 

 

 

 

 

 

Ceri: ceritinib; CFZ: carfilzomib; polyUb: Ub-K48-linked polyubiquitination 
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Figure S13: Survival outcomes in newly diagnosed MM patients from the CoMMpass 

dataset. 

Kaplan–Meier survival curves illustrating overall survival of 544 newly diagnosed MM patients 

stratified by expression levels (high, medium-high, medium-low or low) of (A) IGF-1R, (B) 

INSR, (C) NPRL3, (D) DDIT4, (E) FOXO1, (F) PDCD4. P value was considered statistically 

significant at the level p < 0.05, statistical significance was assessed by Tarone-Ware test.  

 

IGF-1R: Insulin Like Growth Factor-1 Receptor; INSR: Insulin Receptor, NPRL3: NPR3 Like, GATOR1 

Complex Subunit, DDIT4: DNA Damage Inducible Transcript 4, FOXO1: Forkhead Box O1, PDCD4: 

Programmed Cell Death 4. 
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SUPPLEMENTARY TABLES 

 

Supplementary Table S1: Characteristics of MM and PCL samples 
 

MM PATIENTS  
MM 35 MM 42 MM 68 

AGE AT SAMPLE 
COLLECTION 

84 74 81 

SEX Male Female Female 

RELAPSED AFTER Len, BTZ, 
CFZ 

Len, BTZ, CFZ Len, BTZ 

    

 
PCL PATIENTS  

PCL 12 PCL 13 PCL 14 

AGE AT SAMPLE 
COLLECTION 

69 51 67 

SEX Female Female Female 

RELAPSED AFTER BTZ Len, Pom, BTZ, 
CFZ 

BTZ, Len 

 

BTZ: Bortezomib; CFZ: Carfilzomib; Len: Lenalidomide; MM: Multiple Myeloma; PCL: Plasma Cell 

Leukemia; Pom: Pomalidomide  

 

 

 

 

Supplementary Table S2: IC50 values of ALK inhibitors in MM cell lines  

Proteasome inhibitor-naïve cell lines (AMO-1 and L363) and bortezomib resistant cell lines 

(AMO-BTZ and L363-BTZ) were treated with ALK inhibitors for 48h. The IC50 values were 

determined from the dose-response curves shown in Figure 1A. 

 
 

ALK inhibitors IC50 (µM) 

Cell line Ceritinib Brigatinib Entrectinib Crizotinib Ensartinib Alectinib Lorlatinib 

L363 1.031 2.472 3.474 3.324 3.7 6.119 21.85 

L363-BTZ 0.7891 2.308 4.395 4.151 5.402 6.221 18.53 

AMO-1 2.089 1.463 3.511 3.917 4.501 14.13 25.88 

AMO-BTZ 2.77 2.667 4.383 6.474 6.252 26.73 37.77 

 

BTZ: bortezomib 
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Supplementary Table S3: Data from the ChemBL database on the known on-target and 

off-target activities of various ALK inhibitors.  

The drugs are categorized based on their activity in multiple myeloma: the upper section lists 

ALK inhibitors that are active in MM (Table S1), while the lower section includes those that are 

less active or inactive. For each drug, the table also specifies the dose required to inhibit the 

activity of the identified target. 

Target (ChEMBL 
ID) Actives 

Target 
Name Brigatinib (nM) Ceritinib (nM) Crizotinib (nM) Entrectinib (nM) 

CHEMBL4247 6 ALK Active 1 Active 17 Active 103 Active 12 
CHEMBL3982 5 FER Unknown x Active 214 Active 269 Active 5 
CHEMBL5568 5 ROS Active 2 Active 9 Active 18 Active 6 
CHEMBL1957 4 IGF-1R Active 25 Active 395 Active 335 Active 152 
CHEMBL1974 4 FLT3 Active 2 Active 516 Active 761 Active 226 
CHEMBL1981 4 INSR Active 195 Active 135 Active 527 Active 209 
CHEMBL2041 4 RET Unknown x Active 955 Active 1641 Active 124 
 

Target (ChEMBL 
ID) Actives 

Target 
Name Alectinib (nM) Ensartinib (nM) Lorlatinib (nM) 

CHEMBL4247 6 ALK Active 3 Unknown Active 3 
CHEMBL3982 5 FER Active 3802 Unknown Active 3 
CHEMBL5568 5 ROS Unknown x Unknown Active 1 
CHEMBL1957 4 IGF-1R Inactive 30000 Unknown Unknown x 
CHEMBL1974 4 FLT3 Inactive 30000 Unknown Unknown x 
CHEMBL1981 4 INSR Inactive 30000 Unknown Unknown x 
CHEMBL2041 4 RET Active 41 Unknown Unknown x 
 

ALK: Anaplastic Lymphoma Kinase; FER: Feline Encephalitis Virus-Related Kinase; ROS: ROS Proto-

Oncogene 1, Receptor Tyrosine Kinase; IGF-1R: Insulin Like Growth Factor 1 Receptor, FLT3: Fms 

Related Receptor Tyrosine Kinase 3; INSR: Insulin receptor; RET: Ret Proto-Oncogene, Receptor 

Tyrosine Kinase 
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Supplementary Table S4: List of ceritinib sensitivity and resistance candidate genes 

This table lists the ceritinib sensitivity and resistance candidate genes identified from the 

genome-wide CRISPR-Cas9 knockout library screen in AMO-1 cells. The genes are ranked 

based on their false discovery rate (FDR < 0.01) and their overall ranking determined by 

MAGeCK-VISPR analysis. 

 

Candidate sensitivity genes 

Gene ID number of gRNA FDR (negative) Rank (negative) Log2 FC 

PELO 4 0.002475 1 -1.1182 

NDUFA6 4 0.002475 2 -1.2656 

Candidate resistance genes 

Gene ID number of gRNA FDR (positive) Rank (positive) Log2 FC 

FOXO1 4 0.000495 1 2.6339 

ZFP36L2 4 0.000495 2 1.6974 

FOXO3 4 0.000495 3 1.6506 

DDIT4 4 0.000495 4 1.1467 

ID3 4 0.000495 5 1.2037 

KICS2 4 0.000495 6 2.0332 

NPRL3 4 0.000495 7 2.645 

NPRL2 4 0.000495 8 1.7576 

FAM122A 4 0.000495 9 1.2447 

XPNPEP1 4 0.000495 10 1.4268 

EIF2AK3 4 0.001142 12 1.3858 

RUNX2 4 0.001142 13 1.7436 

FIBP 4 0.00165 14 1.4161 

SQLE 4 0.00165 15 1.5256 

PTEN 4 0.004368 17 1.266 

TSC1 4 0.005226 18 1.7607 

TSC2 4 0.006514 19 1.0931 

 

PELO, Pelota MRNA Surveillance And Ribosome Rescue Factor; NDUFA6, NADH:Ubiquinone 

Oxidoreductase Subunit A6; FOXO1, Forkhead Box O1; ZFP36L2, ZFP36 Ring Finger Protein Like 2; 

FOXO3, Forkhead Box O3; DDIT4, DNA Damage Inducible Transcript 4; ID3, Inhibitor Of DNA Binding 

3; KICS2, KICSTOR Subunit 2; NPRL3, NPR3 Like, GATOR1 Complex Subunit; NPRL2, NPR2 Like, 

GATOR1 Complex Subunit; FAM122A = PABIR1, PP2A Aalpha (PPP2R1A) And B55A (PPP2R2A) 

Interacting Phosphatase; XPNPEP1, X-Prolyl Aminopeptidase 1; EIF2AK3 = PERK, Eukaryotic 

Translation Initiation Factor 2 Alpha Kinase 3; RUNX2, RUNX Family Transcription Factor 2; FIBP, 

FGF1 Intracellular Binding Protein; SQLE, Squalene Epoxidase; PTEN, Phosphatase And Tensin 

Homolog; TSC1, TSC Complex Subunit 1; TSC2, TSC Complex Subunit 2. 

FDR, false discovery rate 
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Supplementary Table S5: Gene expression and CRISPR-Cas9 dependency scores for 

BTK, SRC, IGF-1R and INSR 

Gene expression and CRISPR-Cas9 dependency scores from the DepMap (DepMap Public 

24Q2) for selected cell lines. Each pair of columns represents the CRISPR dependency score 

and expression level (RNA-seq TPM) for an individual gene across the listed cell lines. Lower 

CRISPR scores indicate higher gene dependency (essentiality). Expression values are 

log₂(TPM + 1) normalized. DepMap IDs and corresponding cell line names are provided for 

reference. 

 

    BTK SRC IGF-1R INSR 

DepMap ID Cell Line CRISPR Expression CRISPR Expression CRISPR Expression CRISPR Expression 

ACH-001539 KML1 -0.121 6.921 -0.129 1.556 -0.184 0.189 0.144 0.029 

ACH-000889 KMM1 0.139 0.669 -0.138 0.299 -0.754 4.218 -0.227 2.748 

ACH-002214 BC1 -0.016 0.098 -0.061 0.189 -0.176 2.436 -0.080 1.623 

ACH-002478 BC2 -0.160 0.138 -0.149 0.176 -0.042 1.736 -0.172 0.029 

ACH-000024 OPM2 0.095 0.098 -0.130 0.506 -0.484 2.705 -0.134 5.153 

ACH-001677 U2904 -0.301 6.360 -0.111 0.333 0.047 2.390 -0.212 2.245 

ACH-000363 SKMM2 -0.004 2.087 -0.075 0.151 -0.771 2.094 -0.400 5.250 

ACH-000124 OCILY19 -0.108 6.137 -0.164 1.757 -0.687 3.536 -0.243 3.900 

ACH-002678 WILL1 -0.233 7.660 -0.354 0.070 -0.522 2.014 -0.155 4.164 

ACH-002677 U2946 -0.763 6.245 -0.319 0.029 -0.203 1.157 -0.246 3.058 

ACH-000183 L363 0.324 2.325 -0.201 0.390 -0.799 3.445 -0.210 4.129 

ACH-000167 KE97 0.016 6.121 -0.242 4.852 -0.007 1.722 -0.055 3.274 

ACH-000763 MM1S 0.150 3.014 -0.198 2.087 -0.913 2.870 -0.543 3.285 

ACH-000714 KMS11 0.021 0.163 -0.140 0.239 -0.980 4.275 -0.356 3.698 

ACH-000838 AMO1 -0.173 4.216 -0.052 0.799 -1.164 2.325 -0.516 3.992 

ACH-000829 HUNS1 -0.026 6.292 -0.100 4.320 -0.114 0.029 0.021 3.540 

ACH-000821 EJM 0.025 6.017 -0.220 0.275 -0.213 2.138 -0.153 4.139 

ACH-000817 RPMI8226 0.104 3.909 -0.016 0.575 -0.543 2.850 -0.152 2.425 

ACH-000512 INA6 -0.183 6.624 0.005 5.304 -0.612 2.444 -0.207 4.496 

ACH-000541 KMS34 0.234 0.444 -0.118 0.322 -0.365 3.051 0.046 4.548 

ACH-000653 JJN3 0.015 1.124 -0.134 1.202 -0.588 3.053 -0.266 3.457 

ACH-000576 KMS27 0.088 3.352 -0.021 0.895 -0.596 1.986 -0.193 3.048 

ACH-000588 KMS26 0.007 1.718 0.026 0.275 -0.511 4.055 -0.344 3.904 

 

 

 

 

Supplementary Table S6: Differentially expressed genes identified by NGS 

A list of the differentially expressed genes between control cells and cells treated with ceritinib, 

carfilzomib, or the drug combination. Data is provided in a separate Excel sheet. 



27 
 

Supplementary Table S7: Top 10 positive and top 10 negative enriched biological 

process categories deregulated by ceritinib treatment 

A list of the top 10 positively and top 10 negatively enriched biological process categories, as 

determined by Gene Ontology (GO) analysis. The categories were derived from Gene Set 

Enrichment Analysis (GSEA) of differentially expressed genes between ceritinib-treated and 

control cells. Significantly deregulated processes are highlighted in bold (positive in light red, 

negative in light blue). 

Gene Set Description Size Leading 
Edge 

Number 

NES FDR 

GO:0044782 cilium organization 232 110 2.0769 0.022359 

GO:0050953 sensory perception of light stimulus 54 28 1.9992 0.031542 

GO:0009187 cyclic nucleotide metabolic process 15 7 1.8727 0.11312 

GO:0098742 cell-cell adhesion via plasma-
membrane adhesion molecules 

60 19 1.8372 0.13056 

GO:0001539 cilium or flagellum-dependent cell 
motility 

48 29 1.8203 0.12824 

GO:0050906 detection of stimulus involved in 
sensory perception 

22 12 1.8152 0.11286 

GO:0034694 response to prostaglandin 10 4 1.7802 0.14818 

GO:0035924 cellular response to vascular 
endothelial growth factor stimulus 

31 10 1.7786 0.13156 

GO:0006858 extracellular transport 19 15 1.7777 0.11809 

GO:0001578 microtubule bundle formation 45 24 1.748 0.14789 

GO:0006457 protein folding 143 67 -2.0946 0.0057124 

GO:0010257 NADH dehydrogenase complex 
assembly 

45 37 -2.1062 0.0056961 

GO:0044772 mitotic cell cycle phase transition 288 77 -2.1241 0.0051265 

GO:0034470 ncRNA processing 311 156 -2.1325 0.0052311 

GO:0140053 mitochondrial gene expression 137 100 -2.4146 2.20E-16 

GO:0022616 DNA strand elongation 32 20 -2.4453 2.20E-16 

GO:0022613 ribonucleoprotein complex 
biogenesis 

350 241 -2.4779 2.20E-16 

GO:0016072 rRNA metabolic process 196 117 -2.5847 2.20E-16 

GO:0071103 DNA conformation change 72 36 -2.6748 2.20E-16 

GO:0006260 DNA replication 208 98 -2.7215 2.20E-16 

 

GeneSet: ID of the gene set; Description: Name/Description of the gene set; Size: Number if genes in 

the set after filtering; Leading Edge Number: Number of genes in the leading edge; NES: Normalized 

Enrichment Score, enrichment score normalized to average enrichment score of all permutations; FDR: 

p value corrected for multiple testing 
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Supplementary Table S8: Top 10 positive and top 10 negative enriched biological 

process categories deregulated by carfilzomib treatment 

A list of the top 10 positively and top 10 negatively enriched biological process categories, as 

determined by Gene Ontology (GO) analysis. The categories were derived from Gene Set 

Enrichment Analysis (GSEA) of differentially expressed genes between carfilzomib-treated 

and control cells. Significantly deregulated processes are highlighted in bold (positive in light 

red, negative in light blue). 

 

Gene Set Description Size Leading 
Edge 

Number 

NES FDR 

GO:0035966 response to topologically incorrect 
protein 

112 31 2.3745 2.20E-16 

GO:0006457 protein folding 143 45 2.2825 4.90E-04 

GO:0070841 inclusion body assembly 17 8 2.2393 6.54E-04 

GO:0051131 chaperone-mediated protein 
complex assembly 

18 7 2.1186 1.72E-03 

GO:0034976 response to endoplasmic reticulum 
stress 

179 44 2.0997 1.77E-03 

GO:0002181 cytoplasmic translation 106 64 2.094 1.47E-03 

GO:0016236 macroautophagy 227 62 2.0113 0.0046237 

GO:0140467 integrated stress response signaling 34 8 1.92 0.020106 

GO:0043161 proteasome-mediated ubiquitin-
dependent protein catabolic process 

306 105 1.901 0.023103 

GO:0007033 vacuole organization 154 42 1.8661 0.029334 

GO:0072527 pyrimidine-containing compound 
metabolic process 

48 21 -1.9225 0.0068098 

GO:0045786 negative regulation of cell cycle 239 82 -1.9448 0.0056466 

GO:0044839 cell cycle G2/M phase transition 104 34 -1.9475 0.0059713 

GO:0007059 chromosome segregation 287 108 -1.9583 0.0047915 

GO:0044772 mitotic cell cycle phase transition 288 93 -1.9629 0.0052513 

GO:0051321 meiotic cell cycle 132 51 -1.9774 0.0056918 

GO:1901987 regulation of cell cycle phase 
transition 

283 97 -2.0795 0.00076229 

GO:0006298 mismatch repair 22 12 -2.0809 0.0010164 

GO:0071103 DNA conformation change 72 32 -2.1136 0.00050819 

GO:0006260 DNA replication 208 89 -2.3881 2.20E-16 

 

GeneSet: ID of the gene set; Description: Name/Description of the gene set; Size: Number if genes in 

the set after filtering; Leading Edge Number: Number of genes in the leading edge; NES: Normalized 

Enrichment Score, enrichment score normalized to average enrichment score of all permutations; FDR: 

p value corrected for multiple testing. 
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Supplementary Table S9: Top 10 positive and top 10 negative enriched biological 

process categories deregulated by combination treatment 

A list of the top 10 positively and top 10 negatively enriched biological process categories, as 

determined by Gene Ontology (GO) analysis. The categories were derived from Gene Set 

Enrichment Analysis (GSEA) of differentially expressed genes between combination-treated 

and control cells. Significantly deregulated processes are highlighted in bold (negative in light 

blue, positive in light red). 

 

Gene Set Description Size Leading 
Edge 

Number 

NES FDR 

GO:0016236 macroautophagy 227 94 2.1637 2.83E-03 

GO:0007033 vacuole organization 154 65 2.1237 0.0047086 

GO:0070841 inclusion body assembly 17 7 2 0.015695 

GO:0035966 response to topologically 
incorrect protein 

112 32 1.915 0.038846 

GO:0034976 response to endoplasmic 
reticulum stress 

179 45 1.815 0.10284 

GO:0030534 adult behavior 49 21 1.8136 0.087266 

GO:0010506 regulation of autophagy 234 87 1.8016 0.083679 

GO:0097191 extrinsic apoptotic signaling 
pathway 

125 33 1.7927 0.082518 

GO:0051131 chaperone-mediated protein 
complex assembly 

18 6 1.7563 0.10704 

GO:0009266 response to temperature 
stimulus 

92 24 1.7186 0.13796 

GO:0045787 positive regulation of cell cycle 180 58 -1.8999 0.011061 

GO:0044839 cell cycle G2/M phase transition 104 42 -1.9322 0.010624 

GO:0072522 purine-containing compound 
biosynthetic process 

159 100 -1.9539 0.0081846 

GO:0072527 pyrimidine-containing 
compound metabolic process 

48 22 -1.9629 0.0075721 

GO:1901293 nucleoside phosphate 
biosynthetic process 

181 110 -1.9724 7.62E-03 

GO:0044772 mitotic cell cycle phase 
transition 

288 106 -1.9793 7.90E-03 

GO:1901987 regulation of cell cycle phase 
transition 

283 105 -2.0056 6.24E-03 

GO:0022616 DNA strand elongation 32 19 -2.1177 2.20E-16 

GO:0071103 DNA conformation change 72 29 -2.2566 2.20E-16 

GO:0006260 DNA replication 208 98 -2.4918 2.20E-16 

 

GeneSet: ID of the gene set; Description: Name/Description of the gene set; Size: Number if genes in 

the set after filtering; Leading Edge Number: Number of genes in the leading edge; NES: Normalized 

Enrichment Score, enrichment score normalized to average enrichment score of all permutations; FDR: 

p value corrected for multiple testing. 
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Supplementary Table S10: List of identified metabolites and their differential 

expression. (Separate excel file). 

Column Headings: 

Metabolite ID: Ion ID, consisting of RT and m/z, ie "RT_m/z" (retention time_mass-to-charge 

ratio). 

Fold change: Fold change (variation multiple), according to the group ratio in the file name. 

Log2 FC: Log2 of fold change. 

Change: change in the treatment condition vs the control. 

P value: The test and statistical significance used to screen for differential ions. 

Q value: The test and statistical significance used to screen for differential ions corrected for 

multiple testing. 

VIP: Variable important for the projection, indicating the contribution of m/z to the PLSDA 

model. 

Sample: Comparison group. 

Ion Mode: 

RT: retention time, (in min), indicates the time in the liquid chromatograph when the maximum 

concentration of the component appears after sample entering LC for separation. 

Molecular Weight: Metabolite molecular weight 

Formula: Metabolite chemical formula 

Name: Substance Name 

Database: Classification according to KEGG or HMDB 

KEGG ID: Kyoto Encyclopedia of Genes and Genomes (KEGG) database number. 

HMDB ID: Human Metabolome Database (HMDB) database number. 

Super class: Substance classification information. 

Sub Class: Second-level classification information. 

Class: Third-level classification information. 

Super Pathway: Substance classification information based on the metabolic pathways 

Sub Pathway: Second-level classification information based on the metabolic pathways 

Pathway: Third-level classification information based on the metabolic pathways 

State: Significant or non-significant classification, based on the p value 
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