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Supplemental Figure 1 

MCCP MKL-1, WaGa, PeTa and MS-1 cell lines (A, B), MCCP PDCL cell lines MCC-301 
and MCC-336 (A, C) were treated with different concentrations of AMG 232 in (A), KTX-
049 or DS-3032 in (B, C). The Cell Titer Glo assay readout was used to determine cell 
viability after 24 h or 72 h as indicated. (D) WaGa cells were treated with KTX-049 or DS-
3032 for 4, 24, or 48 h, washed out or treated for 72 h, and cell viability was measured 
using the Cell Titer Glo assay. N=3. Error bars indicate the standard deviation. 
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Supplemental Figure 2 

(A) UISO cells were treated with different concentrations of KTX-049 or DS-3032 and the 
Cell Titer Glo assay readout was used to determine cell viability at 72 h. N=3. Error bars 
indicate the standard deviation. (B) MCCN UISO cells were treated with DMSO, 1 nM 
KTX-049 or 100 nM DS-3032 for 1 or 24 h, and the p53 response was analyzed using 
WB for the indicated proteins. TBP and Vinculin were used as loading controls. N=2, WB 
from one repeat is shown. Multiple gels were run with equal volumes of the same lysates 
to analyze the indicated proteins. Membranes for MDM2 and p21 were stripped and re-
probed to analyze the levels of Vinculin and PUMA respectively. 
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Supplemental Figure 3 

The second biological repeat for WB is shown in Fig. 2A and B for MKL-1 and WaGa cells. 
Multiple gels were run with equal volumes of the same lysate to analyze the indicated 
proteins. As in Fig. 2A and 2B, the MDM2 and p21 membranes were stripped and re-
probed to analyze the levels of Vinculin and PUMA, respectively.  
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Supplemental Figure 4 

(A) WB showing MDM2 migration patterns after treatment of WaGa cells with 50 µg/mL 
MG132 for 4h. Vinculin was used as a loading control (B) WB showing MDM2 migration 
patterns when cells were treated with KTX-049 or DS-3032 +/- Bortezomib (left) or when 
cells were treated with Bortezomib for 4 h followed by treatment with KTX-049 or DS-
3032 +/- Bortezomib for 1h. 
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Supplemental Figure 5 

(A) WaGa cells were treated with DMSO, 0.1 nM KTX-049 or 1 nM KTX-049 for 2, 4, and 

8 h followed by washout or for 24 h followed by collection at 24 h and WB analysis of the 

indicated proteins. Vinculin was used as a loading control. Multiple gels were run with 

equal volumes of the same lysates to analyze the indicated proteins. Membranes for 

MDM2 and p21 were stripped and re-probed to analyze the levels of Vinculin and PUMA 

respectively. N=1. (B) MKL-1 SCR or p53 KO 1-1 and 1-2 cell lines were treated with 
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DMSO, 1 nM KTX-049 or 100 nM DS-3032 for 1 or 24 h, and the p53 response was 

analyzed using WB analysis for the indicated proteins. TBP and Vinculin were used as 

loading controls. N=2, WB from one repeat is shown. Multiple gels were run with equal 

volume of the same lysates to analyze the indicated proteins. Membranes for MDM2 and 

p21  

  



 

 

Supplemental Figure 6 

Chemical reactions and Ordinary Differential Equations (ODE’s) associated with the p53-
MDM2 feedback loop circuit model (A), KTX-049 degrader model (B), and the DS-3032 
inhibitor model (C). In (A), the promotion of p53 degradation by MDM2 was modeled by 
a Michaelis-Menten function (1) with constant 𝐾!(A.U.), and the induction of MDM2 
transcription by p53 as a Hill function (1) with constant 𝐾"(A.U.) and coefficient n (2). 
Furthermore, parameters 𝛼! (A.U.), 𝛾! (h"#), 𝛼$ (A.U./h), 𝛾! (h"#), 𝜅 (h"#), 𝛼%$ (A.U./h) denote 
the reaction rate constants associated with the reactions listed in the panel, P represents 
p53, and M represents MDM2. In (B), D represents the KTX-049 degrader, and 𝛾  
(nM"#h"#) represents the rate of MDM2 degradation by KTX-049. In (C), I denotes the 
DS-3032 inhibitor and C denotes the complex between MDM2 and DS-3032, DS-3032: 
MDM2, which cannot interact with p53. Furthermore, 𝑎 (nM"#h"#) and d (h"#)  represent the 
rate of binding and unbinding of MDM2 and DS-3032, respectively, and 𝛿 (h"#) represents the 



decay rate of C, which accounts for the degradation and dilution due to cell growth. In all 
panels, for species X, we use italics, 𝑋, to denote concentration. 

 

Supplemental Figure 7 

(A and B) Observed experimental data (dots) and estimated trajectories (solid lines and 

shaded areas representing the mean and the 95% credible interval (CI), respectively) of 

p53 and MDM2 in DMSO, 1 nM KTX-049 or 100 nM DS-3032 in MCCP MKL-1and WaGa 

cell lines. The experimental data used for the estimation in panel (A) corresponds to those 



presented in Supplemental Fig. 3, whereas the data used for the estimation in panel (B) 

correspond to those presented in Fig. 2C and 2D. The validation of the conditions under 

which KTX-049 was more potent than DS-3032 is reported on the right hand-side of each 

panel. More precisely, in (A), we have 𝑎 = 0.0053 nM#!h#!, 𝑑 = 5.85 h#!, 𝛿 = 4.16 h#!, 

𝛾 = 0.16 nM#!h#!  for MKL-1 and 𝑎 = 0.0046 nM#!h#!, 𝑑 = 5.79 h#!, 𝛿 = 4.07 h#!, 𝛾 = 

0.43 nM#!h#!   for WaGa. In (B), we have 𝑎 = 0.028 nM#!h#!, 𝑑 = 5.81 h#!, 𝛿 = 3.38 

h#!, 𝛾 = 1.25 nM#!h#!  for MKL-1 and 𝑎 = 0.024 nM#!h#!, 𝑑 = 5.92 h#!, 𝛿 = 3.50 h#!, 

𝛾 = 3.98 nM#!h#!   for WaGa. 

 



 

Supplemental Figure 8 

Sensitivity analysis to determine the effects of variable drug concentrations on MDM2 and 
p53 dynamics. Here, deterministic trajectories were obtained by simulating the ODEs in 
Supplemental Fig. 6 with the mean of the estimated parameters obtained for each 
condition (KTX-049 and DS-3032), in Figs 2A-D and Supplemental Fig. 3, and cell line 
(MKL-1, WaGa). For each case, the dynamics of the drug were modeled as a decreasing 
exponential 𝑋(𝑡) = 	 𝑒(#%∗'), where 𝑋	 = 	𝐾𝑇𝑋 − 049, 𝐷𝑆 − 3032 and with 𝑟 chosen such 
that 𝑋(𝑡 = 24	ℎ𝑜𝑢𝑟𝑠)/𝑋(𝑡 = 0) = 1, 0.99, 0.95, 0.9, and 0.8 



 

Supplemental Figure 9 

MCCP WaGa cells were treated with 1 nM KTX-049 or 100 nM DS-3032 for 4, 16, or 24 
h and Annexin V/PI staining was performed. 0h treated samples indicate DMSO controls 
collected at 24h. Graph indicates mean values from N=6. Error bars indicate standard 
deviation. Annexin V +, PI + shows late apoptotic or dead cells. 2-Way ANOVA with 
Tukey’s multiple comparison test was performed . Significance for 0 hour treatment as 
compared to the treatment at 4 hour, 16 hour or 24 hour time-point are shown. **** 
indicates p-value was <0.0001. *** indicates p-value was <0.001, ** p-value <0.01, * p-
value < 0.05. Only significant comparisons as compared to the 0 hour time-point are 
shown.  
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Supplemental Figure 10 

MCCP WaGa cells were treated with DMSO, KTX-049 (1 nM) or DS-3032 (100 nM) for 6 
h or 12 h, pulsed with EdU for the last hour and cell cycle profiles were analyzed. (A) Cell 
cycle profiles of cells treated for 6 h or 12 h from one representative experiment. (B) The 
graph indicates the mean values from N=3. Error bars indicate standard deviation. 2 Way 
ANOVA with Tukey’s multiple comparison statistical tests was performed. **** indicates 
p-value was <0.0001. Only significant changes as compared to DMSO control are 
denoted.  
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Supplemental Figure 11 

Volcano plots highlight significantly up-regulated proteins belonging to the KEGG p53 
pathway (top, shown in red) or down-regulated proteins belonging to the KEGG mitotic 
pathway (bottom, shown in blue) with 24 hour KTX-049 or DS-3032 treatment in (A) 
WaGa cells and (B) MKL-1 cells compared to proteins detected in DMSO treated cells. 
NOTCH1 is not a KEGG p53 upregulated gene but is a direct p53 target (3) and is shown 
as a red triangle.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplemental Figure 12 

MKL-1 cells were treated with DMSO, 1 nM KTX-049 or 100 nM DS-3032 for 24 h and 
Notch1 levels were detected using three independent antibodies against NOTCH1. Equal 
volumes of lysates were run three times and the membranes were probed with three 
different antibodies. TBP was used as a loading control. Antibodies in A detect both the 
full-length and cleaved forms of Notch1. The antibody in B detected only cleaved Notch1. 
N=1. 
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Supplemental Figure 13 

Pathway analysis of proteins upregulated or downregulated in WaGa or MKL-1 cells in 
response to KTX-049 and DS-3032 treatment. (A) Pathways enriched in DS-3032 versus 
KTX-049 for WaGa (left) and MKL-1 (right). (B) Pathways enriched in WaGa versus MKL-
1 cells treated with KTX-049 (top) and DS-3032 (bottom). 
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Supplemental Figure 14 

Volcano plots show significantly up-regulated or down-regulated proteins in PDX tumors 
after 24 h of KT-253 treatment compared to proteins detected in tumors after vehicle 
treatment. Red indicates KEGG p53 response proteins and blue indicates KEGG mitotic 
proteins. 
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Supplemental Figure 15 

Individual tumor trajectories for the PDX and CDX models. (A) Treatment groups denoted 
by numbers are compared to vehicle control as shown in B. (B) Individual tumor 
trajectories for the indicated PDX and CDX models.  



 
Supplemental Figure 16 

Individual body weight trajectories of mice in the PDX and CDX models. Data was plotted 
till all mice were alive in every treatment arm- 6 in each arm for PDX models and 8 in 
each arm for CDX model. 
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Supplemental Figure 17 

(A) PDX #48396 or WaGa CDX derived cell lines were treated with DMSO and the 
indicated concentrations of KTX-049 or DS-3032 for 24 h and the p53 response was 
analyzed using WB analysis for the indicated proteins. TBP and/or Vinculin were used as 
loading controls. Merkel cell polyomavirus ST and LT antigens expressed in MCCP cell 
lines were detected using the antibody Ab5 and are shown as Ab 5 (LT) and Ab 5 (ST) 
respectively. Multiple gels were run with equal volumes of the same lysate to analyze the 
indicated proteins. The membrane for p21 was stripped and re-probed to analyze PUMA 
levels. N=1 for PDX derived cell lines and N=2 for CDX derived cell lines. Blots are shown 
from a single representative experiment.  

 

 

 

 

 

 

 

 

 

 



 

 

Supplemental Figure 18 

Figure showing (A) oncogenic/likely oncogenic variants detected in the CDX derived (left) 
and PDX derived cell lines (right). C-301 represents matched normal germline for control 
MCC-301. The cell lines resistant to MDM2 inhibition or degradation in-vitro are shown 
(red) and the cell lines with partial sensitivity to treatment are shown in brown. (B) Lollipop 
plot of p53 protein showing location of mutations called from WES of CDX and PDX 
samples in A classified as oncogenic or likely oncogenic by OncoKB database. The height 
of each mutation refers to the number of samples it was detected in panel A. The 
canonical TP53 transcript NM_000546 was chosen as a reference with domains derived 
from the PFAM database. TAD is transactivation domain, DBD is DNA binding domain 
and TD is tetramerization domain. Variant classifications were standardized and color-
coded by functional class. The asterisk shows the position of the hemizygous deletion of 
amino acids 251-253 found in MS-1 cell line in a previous study (4). The MS-1 cell line 
was not sequenced in this study. Red denotes missense mutation, black denotes 
nonsense mutation and blue denotes an in-frame deletion.  
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Supplemental Figure 19 

 (A) WaGa or WaGa CDX derived cell lines were treated with DMSO, 1 nM KTX-049 or 
100 nM DS-3032 for 48 h and Annexin V/PI staining was performed. The graph shows 
the mean values for Annexin V+/PI+ population, N=2. Error bars indicate standard 
deviation. 2-Way ANOVA with Tukey’s multiple comparison test was performed . 
Significance for treatment with KTX-049 or DS-3032 as compared to the DMSO control 
for each cell line are shown. **** indicates p-value was <0.0001. (B) WaGa and CDX 
derived cell line #E9 were treated with DMSO, 1 nM KTX-049 or 100 nM DS-3032 for 24 
h and the p53 response was analyzed using WB analysis for the indicated proteins. 
Vinculin was used as a loading control. N=1. Multiple gels were run with equal volumes 
of the same lysate to analyze the indicated proteins. Membranes for MDM2 and p21 were 
stripped and re-probed to analyze the levels of Vinculin and PUMA respectively. 
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Supplemental Figure 20 

(A) Schematic showing the layout of RNA-seq experiments. MKL-1 and WaGa cells were 
treated with DMSO, 1 nM KTX-049 or 100 nM DS-3032 for 24 h, RNA was collected and 
RNA-seq analysis was performed. (B) PCA plot for MKL-1 samples. (C) Heatmaps 
showing the top 40 differentially regulated genes after pairwise comparisons between 
MKL-1 (left) and WaGa (right) cells. The light blue square on the left side of the heatmap 
indicate two significant pairwise comparisons of the gene in each row. Direct p53 target 
genes with a target gene reg score ³ 35 are highlighted in red. (D) Heatmap showing the 
top 40 differentially regulated direct p53 targets with a target gene reg score ³ 35 in WaGa 
cells. (E) Heatmap showing GSEA enrichment analysis of differentially regulated genes 
after treatment in MKL-1 (left) and WaGa (right) sets.  

 

 

 

 

 

 

 

 



 

Supplemental Figure 21 

(A) The top 40 differentially expressed genes in KTX-049 treated samples as compared 
to the respective DMSO controls are shown based on log2FC values. Direct p53 targets 
with a target gene reg score of ³ 35 are shown in red. (B) Heatmap shows the top 40 
differentially expressed direct p53 target genes (by log2FC) in KTX-049 treated samples 
as compared to their respective DMSO controls. 

 

 

 

 

 

 



Supplemental Methods 

Antibodies used for Western Blotting 

Primary antibodies used include: p53-DO1 (Santacruz Biotechnology, sc-126, 

RRID:AB_628082), p21 (Cell Signaling Technology, 2946S, RRID:AB_2260325), PUMA 

(Cell Signaling Technology, 4976S, RRID:AB_2064551), MDM2 (Cell Signaling 

Technology, 86934S, RRID:AB_2784534), MDM4 (Abcam, 243859), PARP (Cell 

Signaling Technology, 9542S, RRID:AB_2160739), Caspase-3 (Cell Signaling 

Technology, 9662S, RRID:AB_331439), Ab5 (DeCaprio Lab, described in (5)), Vinculin 

(Sigma Aldrich, V9131, RRID:AB_477629), TBP (Cell Signaling Technology, 8515S, 

RRID:AB_10949159), Notch 1 antibodies D1E11 and D6F11 (Cell Signaling Technology, 

3608T, RRID:AB_2153354 and 4380T, RRID:AB_10691684) and cleaved Notch 1 D3B8 

(Cell signaling Technology, 4147T, RRID:AB_2153348). 

 

Caspase 3/7 Glo assay 

Cells were plated and treated in a 96 well format for viability assays followed by the 

addition of the Caspase 3/7 reagent (Promega # PAG8093) according to the 

manufacturer’s protocol and luminescence was measured. The relative luminescence 

was then calculated.  

 

Annexin V/PI staining 



One million cells were seeded in a 2 mL volume with DMSO, with the indicated 

concentrations of KTX-049 or DS-3032 for the indicated times. Cells were collected by 

centrifugation, washed with PBS, and incubated with Annexin V/PI (BD Biosciences 

#556547) according to the manufacturer’s protocol followed by flow cytometry analysis 

using a BD Fortessa cytometer. Flow cytometry data were analyzed using the licensed 

version of FlowJo software (RRID:SCR_008520).  

 

Cell cycle analysis 

One million cells were seeded and treated with DMSO or the indicated concentrations of 

KTX-049 or DS-3032. Cells were incubated with 10 µM EdU (Click Chemistry Tools 

#1149-100) for one hour before the end of the treatment and collected by centrifugation. 

Cell pellets were washed with PBS, incubated with 4% formaldehyde (Life Technologies 

#28906) in PBS for 15 min at room temperature, washed three times with 1% BSA in PBS 

and fixed using ice cold 70% ethanol. The cells were stored at -20°C until processing. 

Before staining, the cells were washed twice with PBS and incubated with ClickIT reaction 

cocktail containing CuSO4, THPTA (Sigma Aldrich #762342), Sodium Ascorbate and 

CalFluor 647 fluorophore azide (Click Chemistry Tools #CCT-1372) for 30 mins in the dark 

at room temperature [ClickIT protocol was adapted from (6, 7)]. The cells were collected 

by centrifugation, washed three times with PBS and incubated with DAPI (1 µg/mL) and 

RNase A (0.1 µg/mL) solution in PBS for 30 min at room temperature. The stained cell 

suspensions were passed through tubes with strainer caps, followed by flow cytometry 



analysis using a BD Fortessa cytometer. The acquired data were analyzed using the 

licensed version of the FlowJo software (RRID:SCR_008520). 

 

Trypsin and LysC digestion for TMT based proteome profiling 

Dried samples were resuspended in 200 mM EPPS (pH 8.5) and digested at room 

temperature for 14 h with LysC protease at a 100:1 protein:protease ratio. Trypsin was 

then added at a 100:1 protein:protease ratio and the reaction was incubated for 6 h at 

37°C. 

Tandem mass tag labeling 

The TMTpro reagent (0.8 mg) was dissolved in anhydrous acetonitrile (40 μL), which 7 

μL was added to the peptides (50 µg) with 13 μL of acetonitrile to achieve a final 

concentration of approximately 30% (v/v). After incubation at room temperature for 1 h, 

the reaction was quenched with hydroxylamine to a final concentration of 0.3% (v/v). 

TMTpro-labeled samples were pooled in a 1:1 ratio across all samples. For each 

experiment, the pooled sample was vacuum centrifuged to near dryness and subjected 

to C18 solid-phase extraction (SPE) (Sep-Pak, Waters). 

 

Off-line basic pH reversed-phase (BPRP) fractionation 

We fractionated the pooled, labeled peptide sample using BPRP HPLC (8) and an Agilent 

1260 pump equipped with a degasser and a UV detector (set at 220 and 280 nm 

wavelengths). Peptides were subjected to a 50-min linear gradient from 5% to 35% 



acetonitrile in 10 mM ammonium bicarbonate pH 8 at a flow rate of 0.6 mL/min over an 

Agilent 300Extend C18 column (3.5 μm particles, 4.6 mm ID and 220 mm in length). The 

peptide mixture was fractionated into 96 fractions, which were consolidated into 24 super-

fractions (9), of which 12 non-adjacent fractions were analyzed. The samples were 

subsequently acidified with 1% formic acid and vacuum centrifuged to near dryness. Each 

super-fraction was desalted via StageTip, dried again via vacuum centrifugation, and 

reconstituted in 5% acetonitrile and 5% formic acid for LC-MS/MS processing. 

Liquid chromatography and tandem mass spectrometry 

Mass spectrometry data were collected using an Orbitrap Fusion Lumos mass 

spectrometer coupled with a Proxeon NanoLC-1200 UHPLC. The 100 µm capillary 

column was packed with 35 cm of Accucore 150 resin (2.6 μm, 150 Å; ThermoFisher 

Scientific) at a flow rate of 450 nL/min. The scan sequence began with an MS1 spectrum 

(Orbitrap analysis, resolution 60,000, 350-1350 Th, automatic gain control (AGC) target 

set to “standard”, maximum injection time set to “auto”). Data were acquired ~90 minutes 

per fraction. The hrMS2 stage consisted of fragmentation by higher energy collisional 

dissociation (HCD, normalized collision energy 35%) and analysis using Orbitrap (AGC 

200%, maximum injection time 120 ms, isolation window 0.5 Th, resolution 50,000). Data 

were acquired using the FAIMSpro interface with the dispersion voltage (DV) set to 

5,000V, the Compensation voltages (CVs) were set at -30V, -50V, and -70V, and the 

TopSpeed parameter was set at 1 s per CV. 

 

 



Data analysis 

The spectra were converted to mzXML using MSConvert (10). The database search 

included all entries from the human UniProt reference database (downloaded June 2024, 

RRID:SCR_002380). The database was concatenated with one composed of all protein 

sequences in the database in reverse order. Searches were performed using a 50-ppm 

precursor ion tolerance for total protein level profiling. Product ion tolerance was set to 

0.03 Da. These wide mass tolerance windows were chosen to maximize sensitivity in 

conjunction with comet searches and linear discriminant analysis (11, 12). TMTpro labels 

on lysine residues and peptide N-termini +304.207 Da), as well as carbamidomethylation 

of cysteine residues (+57.021 Da) were set as static modifications, while oxidation of 

methionine residues (+15.995 Da) was set as a variable modification. Peptide-spectrum 

matches (PSMs) were adjusted to a 1% false discovery rate (FDR) (13, 14). PSM filtering 

was performed using a linear discriminant analysis, as described previously (11) and then 

further assembled to a final protein-level FDR of 1% (14). Proteins were quantified by 

summing the reporter ion counts across all matching PSMs, as previously described (15). 

Reporter ion intensities were adjusted to correct for isotopic impurities of the different 

TMTpro reagents according to the manufacturer’s specifications. The signal-to-noise 

(S/N) measurements of the peptides assigned to each protein were summed and these 

values were normalized so that the sum of the signal for all proteins in each channel was 

equivalent to account for equal protein loading. Finally, each protein abundance 

measurement was scaled, such that the summed signal-to-noise ratio for that protein 

across all channels was 100, thereby generating a relative abundance (RA) 

measurement. 



Pathway analysis for TMT profiling 

Pathway analysis was performed using the proteomics analysis software Perseus (16–

18) to determine the terms and annotations associated with significantly regulated 

proteins after KTX-049 or DS-3032 treatment in WaGa or MKL1 cells. KEGG 

(RRID:SCR_012773) and GO Biological Process (GOBP) terms were assigned to all the 

proteins. The data were log transformed, null values were removed and a multiple sample 

test (ANOVA) was performed to compare KTX-049, DS-3032, and DMSO samples, 

followed by a post hoc Tukey’s Honest Significant Difference (HSD) test to determine the 

magnitude and direction of all significantly regulated proteins. The results of this test were 

fed into a hierarchical clustering algorithm to generate a heatmap and clusters were 

automatically assigned. Finally, the Fischer exact test was used to compare terms 

associated with the clusters to the whole proteome background. This analysis resulted in 

the assignment of KEGG and GOBP terms, wherever possible, to the clusters of proteins 

that were significantly regulated among the three treatment groups. The volcano plots in 

Supplemental Fig. 9 were annotated with proteins based on KEGG pathways (p53 

signaling or mitotic signaling) and only proteins with a significance cut-off of -Log10(p-

value) > 3 were labeled in the plot.  

MCC301 (PDX #48396) Single Dose PK 

From the 55 mice implanted with MCC301 (PDX #48396), n=6 animals were enrolled in 

a PK study where they received a single dose of either vehicle or 10 mg/kg KT-253 once 

tumor volumes reached 262.8-621.9 mm3. After dosing, tumors were harvested at the 24 

h endpoint and snap frozen in liquid nitrogen. Frozen flash samples were stored at -80°C 

until DIA-based proteomics analysis was performed. 



Generation of cell lines from tumors 

The isolation protocol was adapted from Lee et al., 2022 (7). One third of PDX or CDX 

tumors harvested at the end-point were stored on ice for a maximum of 2 h before 

processing. Tumors were washed twice with ice cold PBS and minced into fine pieces 

using a scalpel. Tumor pieces were homogenized in NSA-C medium supplemented with 

Amphotericin B (1:100, Gibco, #15290026), Collagenase IV and Hyaluronidase (Sigma 

Aldrich #C0130 and #H3506 at 2 mg/ml final concentration) by placing on a rotator in a 

mammalian cell incubator for 3 to 4 h. The homogenous solution was passed through a 

70 or 100 mM filter to remove any debris. The filtered cell suspension was centrifuged, 

and the cell pellet was resuspended in NSA-C medium supplemented with Amphotericin 

B. Amphotericin B was used for approximately one week after cell isolation. For all in vitro 

assays, cells were cultured in NSA-C medium.  

RNA-seq 

Treatment, collection and sequencing 

MKL-1, WaGa, PDX- or CDX-derived cells were treated with DMSO, KTX-049, or DS-

3032 for 24 h. Cells were collected by centrifugation, resuspended in TRIzol LS reagent 

and incubated at room temperature for five min. The homogenized samples were 

incubated with chloroform followed by centrifugation. The aqueous layer was transferred 

to an RNAeasy spin column and the Qiagen kit protocol for RNA extraction was followed 

(Qiagen # 74134). RNA QC analysis, mRNA library preparation (poly A enrichment), and 

sequencing (PE150, 15G raw data per sample) using NovaSeq X plus Series were carried 

out by Novogene Corporation.  



Sequencing Analysis 

Paired-end RNA sequencing data were aligned to hg38 by applying STAR 

(RRID:SCR_004463, v2.7.10) in 1-pass mapping with GENCODE (RRID:SCR_014966, 

v47) as the gene transcript set (19). The number of reads mapped to each gene was 

calculated by differential expression analysis. Genes with counts > 10 in at least three 

samples were retained for further analysis. Differential expression analysis was 

performed using DESeq2 (SCR_015687, v1.42.1) (20) and Q-values were derived using 

Qvalue (v2.34.0) to control the false discovery rate (21). For exploratory data analysis, 

replicates were treated as individual samples and results were filtered to a 0.5 % threshold 

and sorted by difference in average expression between treatment groups. Further 

analyses were based on an adjusted DESeq2 run which accounted for replicate variability 

by estimating dispersion across replicates and modeling mean expression per condition. 

 

KTX-049 and DMSO treated samples were compared and differentially expressed genes 

were determined for each cell line. The Q-values were calculated to assess statistical 

significance. Two methods were employed for gene selection: counting how often a gene 

was differentially expressed based on a Q-value threshold of 0.05 or summing the 

absolute log2 fold changes across comparisons to select genes with the highest total 

changes. Selected genes were ordered by descending total absolute log2 fold change 

across all comparisons. Heatmaps were generated, limiting the results to the top 40 

genes based on these criteria, with P53 target genes highlighted in red if their expression 

score was 35 or higher, as reported in the targetgenereg.org database (3). Gene set 

enrichment analysis was performed using fgsea (v1.28.0) (22) R package. Benjamini-



Hochberg adjusted p-values, calculated by fgsea, were used to filter computed 

normalized enrichment scores to a 5% threshold. 

Whole Exome sequencing 

Treatment, collection and sequencing  

PDX- or CDX-derived cell lines were collected by centrifugation and genomic DNA was 

isolated using a kit (Qiagen # 69504). Genomic DNA from the blood of subject 301 was 

available sand was sent for sequencing. DNA sample QC, DNA library preparation 

(Agilent V6), and sequencing (PE150, 12G raw data per sample, NovaSeq) were 

performed by Novogene Corporation.  

Preprocessing / Variant Discovery 

Bam files were processed with samtools (RRID:SCR_002105, v1.11) (23) and Picard 

(RRID:SCR_006525, v2.6) (24), and the R package XenofilteR (RRID:SCR_026196 , 

v1.6) was used to remove mouse reads from PDX models (25). Data quality was 

assessed using CollectHsMetrics from Picard (24). 

GATK Mutect2 (RRID:SCR_026692 , v4.2.6.1) (26–28) was run in tumor-only mode for 

somatic short variant discovery. Following GATK recommendations, the hg38 1000 

genomes panel of normal curated by the Broad Institute and the gnomAD germline 

resource were used with Mutect2 to reduce false positives and avoid calling common 

germline variants. The raw variant calls were subsequently filtered with FilterMutectCalls 

from GATK (RRID:SCR_001876) using default options. Variants with a total depth of 

coverage of less than 20 or an alternate allelic depth of less than 3 were removed. The 

remaining mutations were annotated for oncogenicity using OncoKB API (v4.19) (29, 30). 



Visualization was performed using ggplot2 (RRID:SCR_014601, v3.5.1) (31) and 

complexHeatmap (RRID:SCR_017270, v2.18.0) (32) in R software (v4.3.3) (33). 
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