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Supplementary Figure 1. Strong expression of TAK1 and TAB3 in human PDAC (related 

to Figure 1). a-d, Immunohistochemistry (IHC) of TAK1 and TAB3 in samples of a PDAC 

tissue microarray (TMA) and quantification using the Allred scoring system. (Scores 0-2 = 

negative, Scores 3-8 = positive). n = 173, biologically independent samples. Source data are 

provided in the Source Data file. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 



Supplementary Figure 2. KRAS triggers ADM, PanIN and PDAC development that is 

prevented by Tak1 deletion (related to Figure 1). a, H&E-Images on pancreatic tissue 

sections from 6-week-old mice (n = 6). b, Immunoblotting analysis of GTP-bound KRAS pull-

down (PD) in pancreas tissue lysates from 6-week-old mice. The experiment was done three 

times with one mouse per genotype. c,d, Experimental design to study IκBα-degradation in 

primary pancreatic acinar cells grown in 2D-cell culture upon TNF-stimulation and subsequent 

immunoblotting analysis. The experiment was done twice with one mouse per genotype. e,f, 

H&E-, α-Amylase- and CK17/19-images on pancreatic tissue sections from 18-week-old 

TAK1ΔAc mice and quantification of healthy pancreas tissue (Normal), acinar-to-ductal 

metaplasia (ADM) and pancreatic intraepithelial neoplasia 1 (PanIN-1) (n = 6). g, Quantification 

of the total amount of duct-like structures formed from pancreatic acinar explants isolated from 

KRASG12D mice and grown in 3D-collagen matrices ± inhibitors. Experimental design in Figure 

1h. Results are expressed as mean ±SEM. The experiment was done with acinar explants 

from three KRASG12D mice. P value was calculated by ordinary one-way ANOVA (two-tailed) 

with Tukey's multiple-comparisons test. h,i, Experimental design to study NF-B-target gene 

expression in pancreatic acinar explants isolated from KRASG12D mice and grown in 2D-cell 

culture ± inhibitors. After the cells were established from pancreatic acinar explants, they were 

treated ± inhibitors for 1 h, followed by addition of TNF (100 ng/ml) for another 1h. Relative 

mRNA expression of Tnfaip3 and Nfkbia was analyzed by qRT-PCR. The experiment was 

done in triplicate using explants from three KRASG12D mice. All results were normalized to β-

actin expression. Results are expressed as mean ±SEM. P value was calculated by ordinary 

one-way ANOVA (two-tailed) with Tukey's multiple-comparisons test. j,k, H&E-, α-Amylase- 

and CK17/19-images on pancreatic tissue sections from 30-week-old mice and quantification 

of the different stages of pancreatic cancer development (n = 6). l,m, H&E-, α-Amylase- and 

CK17/19-images on pancreatic tissue sections from 52-week-old mice and quantification of 

the different stages of pancreatic cancer development (n = 5 for KRASG12D and n = 8 for 

KRASG12D RelAAc mice). Source data are provided in the Source Data file. 

 

 

 

 

 

 

  

 

 



 



Supplementary Fig. 3. Acinar transdifferentiation causes strong upregulation of KRAS-

dependent signaling pathways and triggers proliferation (related to Figure 2). a,b, 

Immunoblotting analyses of phospho-AKTSer473 (p-AKT Ser473), AKT, p-ERKThr202/Tyr204, ERK, p-

MEK1/2Ser221, p-JNKThr183/Tyr185, JNK, p-p38Thr180/Tyr182, p38 and GAPDH (loading control) in 

lysates of pancreatic tissue of 6- and 18-week-old mice with the indicated genotypes (n = 3 

mice per genotype). ∗, non-specific band. c, Representative images of p-ERK IHC on 

pancreatic tissue sections from 18-week-old mice with the indicated genotype (n = 5 mice per 

genotype). d-g, Representative images of Ki67 IHC and quantification of Ki67+ acinar cells in 

pancreatic tissue sections from 6-week-old (d,e) or 18-week-old mice (f,g) with the indicated 

genotypes (n = 5 mice per genotype). Results are expressed as mean ±SEM. P value was 

calculated by ordinary one-way ANOVA (two-tailed) with Tukey's multiple-comparisons test 

with n.s. = not significant, ****p < 0.0001. h, Representative images of Ki67 IHC in pancreatic 

acinar explants from the indicated mice grown in 3D collagen matrices. Experimental design 

is shown in Figure 1e. The experiment was done with acinar explants from 3 different mice per 

genotype. i,j, Representative images of cl. CASP3 IHC and quantification of cl.CASP3+ acinar 

cells in pancreatic tissue sections from 6-week-old and 18-week-old mice with the indicated 

genotypes (n = 5 mice per genotype). Results are expressed as mean ±SEM. P value was 

calculated by Kruskal–Wallis test (two-tailed) with Dunn's multiple-comparisons test. n.s. = not 

significant, 18-week-old-mice: *p = 0.0154 WT vs KRASG12D, *p = 0.0357 KRASG12D vs 

KRASG12D/TAK1Ac. Source data are provided in the Source Data file. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



Supplementary Figure 4. KRAS activation does not affect the susceptibility of 

pancreatic ductal cells to cell death (related to Figure 3). a, Experimental design to study 

duct-like structure formation of KRASG12D pancreatic acinar cell explants grown in 3D-collagen 

matrices before (d0) and three days after transdifferentiation into duct-like cells (d3) ± 

MRTX1133. b, qRT-PCR analysis of the mRNA expression at d0 and d3 ± MRTX1133. n = 

three KRASG12D mice. All values were normalized to Sdha expression. Results are expressed 

as mean ±SEM. P value was calculated by ordinary one-way ANOVA (two-tailed) with Tukey's 

multiple-comparisons test. c,d, Bright-field images and quantification of duct-like structure 

formation rate at d3 of KRASG12D-expressing pancreatic acinar explants grown in 3D-collagen 

matrices. The experiment was done with three KRASG12D mice. Results are expressed as mean 

±SEM. P value was calculated by ordinary one-way ANOVA (two-tailed) with Tukey's multiple-

comparisons test. e, Cell death evaluation at d1 and d3 of KRASG12D-expressing pancreatic 

acinar explant transdifferentiation under the conditions described in a, as assessed by the ratio 

of released LDH per condition to total LDH at d0. n = three KRASG12D mice. Results are 

expressed as mean ±SEM. P value was calculated by ordinary one-way ANOVA (two-tailed) 

with Tukey's multiple-comparisons test. f, Bright-field images of HPDE cells treated with 400 

ng/ml doxycycline to induce human KRASG12D- or GFP-expression. The experiment was done 

three times. g, Immunoblotting analysis in lysates of HPDE cells treated with 400 ng/ml 

doxycycline to induce human KRASG12D- or GFP-expression. The experiment was performed 

once. h, Cell death evaluation in HPDE cells treated with 400 ng/ml doxycycline for three days 

to induce KRASG12D- or GFP-expression, followed by incubation with DMSO, TNF (20 ng/ml), 

5Z-7-Oxozeaenol (10 µM) or TNF (20 ng/ml)/5Z-7-Oxozeaenol (10 µM) for additional 48 h. Cell 

death was assessed by measuring the released LDH-to-total LDH ratio. Results are expressed 

as mean ±SEM. Each data point represents the result of each individual experiment (n = 3). 

Each experiment was performed in duplicates. P value was calculated by ordinary one-way 

ANOVA (two-tailed) with Tukey's multiple comparisons test. Source data are provided in the 

Source Data file. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                               

 

 

 

 



Supplementary Figure 5. Cell death induction upon TAK1 inhibition in human pancreatic 

cancer cell lines (related to Figure 4). a-c, Human pancreatic cancer cell lines bearing a 

different KRAS mutational status (BxPC3: KRASWT, HPAC: KRASG12D and MIA PaCa-2: 

KRASG12C) were treated with DMSO (solvent) or 5Z-7-Oxozeaenol (10 µM) for 1 h before TNF 

(20 ng/ml) was added to the medium for another hour. The relative mRNA expression of the 

NF-B target genes Tnfaip3 and Nfkbia was analyzed by qRT-PCR. The experiment was done 

two times and each column represents the combined results of the two experiments. The 

individual experiments were run in triplicate. All results were normalized to β-actin expression 

and to the control (DMSO) for each individual experiment, which was set at 1. Results are 

expressed as mean ±SEM. P value was calculated by ordinary one-way ANOVA (two-tailed) 

with Tukey's multiple comparisons test or Kruskal–Wallis test (two-tailed) with Dunn's multiple-

comparisons test. BxPC3 Tnfaip3: ****p < 0.0001, BxPC3 Nfkbia:   ****p < 0.0001, HPAC 

Tnfaip3: *p = 0.0105, HPAC Nfkbia:  ****p < 0.0001, MIA PaCa-2 Tnfaip3: ****p < 0.0001, MIA 

PaCa-2 Nfkbia:   ****p < 0.0001. d-f, Cell death evaluation in human pancreatic cancer cell 

lines treated with DMSO (solvent), TNF (20 ng/ml), 5Z-7-Oxozeaenol (10 µM) or TNF (20 

ng/ml)/5Z-7-Oxozeaenol (2 µM) for 48 h. Cell death was assessed by measuring the released 

LDH-to-total LDH ratio. Results are expressed as mean ±SEM. Each data point represents the 

result of each individual experiment (n = 3). Each treatment per experiment was performed in 

duplicates. P value was calculated by ordinary one-way ANOVA (two-tailed) with Tukey's 

multiple-comparisons. BxPC3: n.s. = not significant, ****p < 0.0001, HPAC: *p = 0.0411, ****p 

< 0.0001, MIA PaCa-2:  n.s. = not significant, *p = 0.0159. Source data are provided in the 

Source Data file. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Figure 6. Flow cytometry gating strategy for cell sorting (related to 

Figure 5a-h). a, CD45+ immune cell isolation from tumor patient-derived PDAC tissue by flow 

cytometry after perturbation studies (Created in BioRender. Schneider, A. (2025) 

https://BioRender.com/m37a603).  After patient-derived tumorspheroid dissociation, total cell 

population was stained using anti-CD45 antibody coupled with AF647 (APC) and zombie green 

(ZG, FITC) to detect viable cells. b, The gating was performed on total cell population using 

FITC-H (zombie green)/FSCA dot plots to remove cell debris and select the viable cells. c, The 

viable cells were then gated to isolate “singlets” and exclude “doublets” using plot through 

SSC-W/SSC-H and FSC-W/FSC-H parameters. d, The CD45+ viable immune cells were 

selected (APC+) using non-stained cells as reference and were sorted in 384 well capture 

plates for single cell RNA-Seq analysis. Data were analyzed using  BD FACSDiva™ Software.  



Supplementary Figure 7. TAK1-inhibition in PDAC-patient derived tumor-spheroids that 

were generated by isolation of total cell populations from tumor tissue of one PDAC-

patient to assess the immune response (related to Figure 5a-h). a, UMAP from DMSO- 

(circles) or 5Z-7-Oxozeaenol-treated (triangles) PDAC-derived tumor spheroids for the specific 

markers of the indicated immune cell populations. Each circle/triangle represents one cell. The 

color bar indicates log2-normalized expression. Experimental setting is shown in Figure 5a. b, 

Summary of Gene Set Enrichment Analysis (GSEA) in cluster 1 of T-cells isolated from 5Z-7-

Oxozeaenol (25 µM) vs. DMSO-treated PDAC patient-derived tumor spheroids. Normalized 

enrichment score (NES) of significantly enriched or suppressed pathways depicted in Fig. 5g, 

h after 5Z-7-Oxozeaenol (25 µM) treatment (***FDR q < 0.001). Source data are provided in 

the Source Data file. 

 

 

 



 

Supplementary Figure 8. Flow cytometry gating strategy for cell sorting (related to 

Figure 5i-l). a-c, CD45+ immune cell isolation from tumor patient-derived PDAC tissue by flow 

cytometry (Created in BioRender. Schneider, A. (2025) https://BioRender.com/d09n339). After 

tissue dissociation, total cell population was stained using anti-CD45 antibody coupled with 

AF647 (APC) and zombie green (ZG, FITC) to detect viable cells. a, The gating was performed 

on total cell population using FCS/BSC dot plots to remove cell debris. b, CD45+ and CD45- 

viable cells were selected (APC+ ZG- and APC- ZG-) using non-stained cells as reference. c, 

The CD45+ and CD45- viable cells were then gated to isolate “singlets” and exclude “doublets” 

using plot through FSC-H and FSC-A parameters. d-f, Gating strategy for the sorting of viable 

immune cells isolated in a-c after perturbation studies (Created in BioRender. Schneider, A. 

(2025) https://BioRender.com/m37a603). d, After perturbation studies, immune cells were 

harvested and stained with ZG to detect viable cells e, Viable cells f, The viable cells (ZG-) 

were then gated to isolate “singlets” and were sorted in 384 well capture plates for single cell 

RNA-Seq analysis. Data were acquired using Sony SH800 Cell Sorter (Sony). 



Supplementary Figure 9. TAK1-inhibition on CD45+ cell-depleted tumor-spheroids that 

were generated by isolation and in vitro reconstitution from tumor tissue of one PDAC-

patient to assess the immune response (related to Figure 5i-l). a, UMAP of single-cell 

transcriptome clustering of PDAC-derived immune cells incubated with the supernatant of 

DMSO- or 5Z-7-Oxozeaenol-treated PDAC-derived tumor spheroids showing five distinct cell 

populations (T-cells, B-cells, NK-cells, macrophages and mixed-cells). Each dot represents 

one cell. Experimental setting is shown in Figure 5i. b, Violin plot of single-cell transcriptome 

expression levels of immune cell-specific markers. The immune cells were incubated with the 

supernatant of DMSO- or 5Z-7-Oxozeaenol-treated PDAC-derived tumor spheroids from the 

same PDAC-patient. Each dot represents one cell. Experimental setting is shown in Figure 5i. 

c, Volcano plot of differentially expressed genes of PDAC-derived immune cells incubated with 

the supernatant of DMSO- or 5Z-7-Oxozeaenol-treated PDAC-derived tumor spheroids 

showing no differences in gene expression. x axis represents magnitude of the difference as 

determined by log fold change, y axis measures significance using -log10 p-value. Source data 

are provided in the Source Data file. 



Supplementary Table 1. Basic characteristics of the PDAC-patient samples    

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Table 2. Basic characteristics of the patient-derived organoid (PDO) 
lines 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 3. Basic characteristics of the patient-derived spheroids that were 
generated by isolation of total cell populations from tumor tissue of one PDAC-patient 
to assess the immune response 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Table 4. T lymphocyte populations per cluster detected in PDAC patient-
derived tumor-spheroids  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 5. Basic characteristics of the patient-derived spheroids that were 
generated by isolation and in vitro reconstitution from tumor tissue of one PDAC-patient 
to assess the immune response 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 6. qRT-PCR primer sequences 
 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Related to Supplementary Figure 2b. Uncropped western blot scans. a, Immunoblotting 

analysis of GTP-bound KRAS pull-down (PD) in pancreas tissue lysates from 6-week-old mice. 

The experiment was done three times with one mouse per genotype (related to Suppl. Figure 

2b). b, Immunoblotting analysis to study IκBα-degradation in primary pancreatic acinar cells 

grown in 2D-cell culture upon TNF-stimulation. The experiment was done twice with one 

mouse per genotype (related to Suppl. Figure 2d). Source data are provided in the Source 

Data file. 



  

 

Related to Supplementary Fig. 3a. Uncropped western blot scans. Immunoblotting 

analyses of phospho-AKTSer473 (p-AKT Ser473), AKT, p-ERKThr202/Tyr204, ERK, p-MEK1/2Ser221, p-

JNKThr183/Tyr185, JNK, p-p38Thr180/Tyr182, p38 and GAPDH (loading control) in lysates of pancreatic 

tissue of 6-week-old mice with the indicated genotypes (n = 3 mice per genotype). Source data 

are provided in the Source Data file. 

 



 

Related to Supplementary Fig. 3b. Uncropped western blot scans. Immunoblotting 

analyses of phospho-AKTSer473 (p-AKT Ser473), AKT, p-ERKThr202/Tyr204, ERK, p-MEK1/2Ser221, p-

JNKThr183/Tyr185, JNK, p-p38Thr180/Tyr182, p38 and GAPDH (loading control) in lysates of pancreatic 

tissue of 18-week-old mice with the indicated genotypes (n = 3 mice per genotype). Source 

data are provided in the Source Data file. 

 

 



  

 

Related to Supplementary Fig. 4g. Uncropped western blot scans. Immunoblotting 

analysis of p-ERKThr202/Tyr204 and β-Actin (loading control) in lysates of HPDE cells treated with 

400 ng/ml doxycycline to induce the expression of human KRASG12D or GFP for the indicated 

time. Source data are provided in the Source Data file. 

 


