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Supplemental Figure Legends 
 

Supplemental Figure 1. Engineering PDLOs from human pluripotent stem cells 

(A) Overview of positively and negatively tested compounds during protocol development. (B,C) 

Compound selection in an exemplary screen for phase II. (B) Bar graph of tested compounds: Activin 

A (1: 100 ng/ml, 2: 20 ng/ml, 3: 4 ng/ml), ALK5i-II (1: 5 µM, 2: 1 µM, 3: 0.2 µM), Avagacestat (1: 10 µM, 

2: 2 µM, 3: 0.5 µM), Axitinib (1: 5 µM, 2: 1 µM, 3: 0.2 µM), BMP-4 (1: 50 ng/ml, 2: 10 ng/ml, 3: 2 ng/ml), 

BMP-7 (1: 50 ng/ml, 2: 10 ng/ml, 3: 2 ng/ml), CHIR99021 (1: 10 µM, 2: 2 µM, 3: 0.4 µM), 

Dexamethasone (1: 2.5 µM, 2: 0.5 µM, 3: 0.1 µM), Follistatin (1: 500 ng/ml, 2: 100 ng/ml, 3: 20 ng/ml), 

IL-V (1: 1650 nM, 2: 330 nM, 1: 66 nM), IWP2 (1: 10 µM, 2: 2 µM, 3: 0.4 µM), KGF (1: 100 ng/ml, 2: 

20 ng/ml, 3: 4 ng/ml), LDN-193189 (1: 1 µM, 2: 0.2 µM, 3: 0.04 µM), MSC2530818 (1: 1 µM, 2: 0.2 µM, 

3: 0.05 µM), RA (1: 10 µM, 2: 2 µM, 3: 0.4 µM), Synthaxin (1: 500 ng/ml, 2: 100 ng/ml, 3: 20 ng/ml), 

TGF-β (1: 5 ng/ml, 2: 1 ng/ml, 3: 0.2 ng/ml), VEGF-164 (1: 100 ng/ml, 2: 20 ng/ml, 3: 4 ng/ml). (C) 

Dynamic profiles of selected compounds that are not used in the current PDLO protocol. Dynamic 

marker profiles were interpolated from qPCR data using MODDE software. (D) Promising compounds 

like VEGF-164 and Axitinib had been tested in additional experiments and only compounds, which 

consistently improved morphology and marker expression, were applied in the current protocol. (E-G) 

Positively tested compounds in phase I and phase II complementary to Fig.1. (E) mRNA expression of 

selected differentiation markers in PDLOs after treatment with different concentrations of key 

compounds compared to PPs. Compounds were tested during phase I and II, KGF* only during phase 

I. Concentration: 0-50 µM ZnSO4, 0-250 ng/ml FGF10, 0-250 ng/ml EGF, 0-250 ng/ml KGF*, 10 ng/ml 

KGF. Dashed lines indicate expression level of markers reached with the finally chosen concentrations. 

(F) BF images of PDLO cultures at day 30 after KGF titration in phase I. (G) BF images of ZnSO4 titration 

in phase I and II. (H) Plotting all identified genes from the GO term “Canonical WNT signaling” 

(GO:0060070) at PP and PTrLO stage from RNA-seq experiments with or without MSC2530818 

treatment in phase I (d13-20). Scale bar: 100 µm. Representative bright field images and dynamic 

profiles of one experiment performed in technical duplicates (two wells per condition) are displayed 

as Mean±SD. 
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Supplemental Figure 2. PDLOs recapitulate cell type-specific features 

(A) Quantification of IHC staining in PDLOs and PDAC tumor organoids (Panc163) with exemplary 

staining of KRT19 and KRT7 (PDLO: n=4, Panc163: n=1, Mean±SEM). (B) Exemplary FC plots related to 

Fig.2D. (C) IF staining for non-pancreatic marker SOX2, and non-ductal markers amylase (AMY2A), 

glucagon (GCG), and C-peptide (C-pep) confirming lineage-specificity of the ductal protocol. (D) FC 

analysis of GCG and C-pep. Error bars depict Mean±SEM; d30/45/73: n=3; d20/Panc163/positive 

control (in vitro hPSC-derived polyhormonal endocrine cells): n=2. (E-I) Phenotypic and functional 

characterization of PDLOs generated from a control iPSC line and the ESC line H1 demonstrating 

transferability of the differentiation protocol to other hPSC lines. (E,F) IF staining panel of pancreatic 

transcription factors and structural proteins in PDLOs recapitulating pancreatic duct-specific cellular 

features comparable to Fig.2C,E,F. (G,H) CA and CFTR activity assays indicate ductal functionality of 

hPSC-derived PDLOs. Right: Representative BF images before and after stimulation in the CFTR assay. 

(I) Ki-67 FC analysis of PDLO cells after performing the CFTR assay with no obvious increase in 

proliferation in the FSK + IBMX group. All scale bars: 100 µM, insets in the left bottom corner are 4x 

enlarged. If not stated elsewise, PDLOs represent day 30. G,H,I: Error bars depict Mean±SEM; n=3; 

ordinary one-way Anova followed by Sidak’s multiple comparison test. 
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Supplemental Figure 3. Global transcriptomic and proteomic analyses confirm ductal identity 

(A) Cell type deconvolution of PDLOs (d30) and primary ducts calculating similarity scores for the 

respective samples to the different pancreatic cell types (Enge et al., 2017) based on a recently 

published algorithm (Frishberg et al., 2019). (B,C,F,G) RNA-seq overrepresentation analysis to identify 

enriched and depleted reference data sets from common databases (KEGG, Reactome, Gene 

Onotology (GO), BioCharta). (B,C) Enriched and depleted gene sets in PDLOs (d30; B) or primary ducts 

(C) over PPs (d13). (D, E) GSEA of PDLOs (d30) and primary ducts against PPs using gene sets from the 

hallmark database (h.all.v7.0.symbols; D) or gene sets from ductal subpopulations (E) identified in 

Qadir et al. (2020). PDLOs were enriched for four out of six gene sets. (F) Enriched and depleted gene 

sets in d59 vs d30 of differentiation. (G) Gene sets enriched in primary ducts over PDLOs. (H-J) Global 

protein characterization of PDLOs complementing Fig.3H-N. (H) Pearson Correlation of log2 RNA read 

counts and log2 protein intensities on PPs (d13) and PDLOs (d59). (I) Depleted protein sets in PDLOs 

over PPs. Overrepresentation analysis was performed against common gene set databases (KEGG, 

Reactome, GO, BioCharta). (J) Exemplary heatmap of the in (I) depleted protein data set 

“Developmental Biology”.  
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Supplemental Figure 4. Development of human duct-like tissue after xenotransplantation of PDLOs 

(A) Experimental setup and timeline of PP or PDLO transplantation into the anterior chamber of the 

mouse eye (ACE). Images show grafts right after injection onto the iris. (B) CD31-positive endothelial 

cells surrounding grafts from PPs or PDLOs five weeks post transplantation. Scale bar: 50 µm for 

overview, 10 µm for higher magnification. (C) Longitudinal live imaging in vivo over five weeks post 

transplantation. Left: Overview of the eye with tracked PDLO (dashed rectangle) at the beginning (d0) 

and end (d40) of the experiment. Right: Images show maximum intensity projections (MIP) of 

backscatter signal of a single PDLO engraftment (dashed circle) and blood vessels (red) in the ACE 

visualized by i.v. injection of FITC-Dextran. Cells with high backscatter signal are highly granulated cells. 

Bottom right: YZ-plane showing development of a large cell-free lumen within the engrafted PDLO. (D) 

Orthotopic transplantation of CDKN2AKO/KO hESC-derived PDLOs. Formation of CFTR- and MUC1-

positive subpopulations in such PDLO grafts (H-NUCL, human nucleoli). (E) IF staining of human 

untransformed ducts from a pancreatic biopsy. Scale bar: 500 µm for overview. All scale bars: 100 µM, 

if not stated elsewise.  

 

  



 61 

Supplemental Figure 5. KRASG12D expression induces lumen-filling and EMT in PDLOs 

(A,B) CDKN2A gene KO in hESCs by CRISPR/Cas9 gene editing. (A) Strategy for creating a large deletion 

in the CDKN2A locus using CRISPR/Cas9. The schema displays the positions of guide RNAs, as well as 

external and internal primers used for KO validation by PCR. (B) Cells were clonally expanded and 

screened by PCR with an internal and external primer pair detecting the WT and mutated target region, 

respectively. The external PCR only amplifies a product if the desired deletion has occurred. Successful 

identification of targeted hESC clones with heterozygous or homozygous loss of CDKN2A. (C-P) Further 

charaterization of PDLOs differentiated from vector control, KRASG12D and CDKN2AKO/KO KRASG12D 

transgenic lines. (C) Titration of Dox concentration to activate the expression of HA-tagged KRASG12D 

transgene. FC analysis of mCherry and HA-Tag expression after 9 days showed robust transgene 

induction in PDLOs with 5 µg/ml Dox (n=1). (D) Functionality of the cloned KRASG12D construct with and 

without HA-tag was verified by active-KRAS pull-down assay and subsequent Western Blot. GTP was 

added in additional controls to activate endogenous KRAS. KRAS*: KRASG12D. (E) Western Blot analysis 

confirmed the dose-dependent increase in transgene expression as well as phosphorylation of the 

KRAS downstream target pERK. (F) PDLO size measured by image-based area quantification after 2, 5, 

7, and 9 days with and without Dox treatment of PDLOs. Size change is shown relative to d2 (n=3). (G) 

Continuous decrease of replicating cells in PLDOs treated with increasing doses of Dox, assessed by 

EdU-based FC analysis (n=1, in technical duplicates). (H) Representative plots of FC analysis to 

determine cell cycle stages and proliferation of PDLOs after EdU incorporation. (I,J) Quantification of 

western blot analyses representatively shown in Fig.5G. (I) Protein expression was normalized to a 

housekeeping protein and relative expression to untreated samples is displayed. P21 (n≥4); P16 (n≥2); 

P15 (n≥3). (J) pRB relative protein expression is shown after normalization to total RB (n=4). (K) Pro-

apoptotic BAX was upregulated on mRNA level in CDKN2AKO/KO KRASG12D PDLOs (n=3). (L) Western Blot 

detection of apoptosis-associated cleaved PARP and respective quantification (n≥2). (M) Heatmap 

illustrating mRNA expression of EMT-associated genes in a KRASG12D (Dox) titration qPCR experiment 

(n=1). (N) Western Blot analysis of KRAS and EMT-associated marker after Dox titration inCDKN2AKO/KO 

and CDKN2AWT/WT KRASG12D PDLOs (n=1). (O) Quantification of western blot analyses representatively 

shown in Fig.5K. E-CAD, N-CAD, VIM (n≥4). (P) IF staining of PDLOs for epithelial and mesenchymal (N-

CAD, N-Cadherin) markers. Scale bar: 10 µm. For all subfigures: Error bars depict Mean±SEM. Only 

significant comparisons are depicted. F,J,K: Ordinary two-way Anova with Sidak’s multiple comparison 

test. I,L,O: Ordinary one-way Anova with Tukey’s multiple comparison test.  
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Supplemental Figure 6. McCune-Albright syndrome-derived and GNASR201H overexpressing PDLOs 

form large cysts (A) Reprogramming of a mixed culture of GNASWT/WT and GNASWT/R201C cells from an 

MAS patient. (i) BF images of MAS patient-derived human bone marrow stromal cells (HBMSCs), (ii) 

overlay with fluorescence signal from hOKSM-dTomato reprogramming virus, and (iii) pre-iPSC colony 

formed on REF feeder layer. (B) IF staining of MAS-iPSC colonies for pluripotency markers (OCT4, 

Octamer-binding transcription factor 4; NANOG, Homeobox protein NANOG; SSEA4; Stage-specific 

embryonic antigen-4). (C) Representative FC plots demonstrating efficient differentiation of both 

GNASWT/WT and GNASWT/R201C iPSCs to PDX1+/NKX6-1+ PPs (d13). (D) IF staining of PDLOs revealing 

homogeneous SOX9 expression irrespective of their GNAS genotype. (E) Representative FC plots 

acquired to analyze cell proliferation of PDLOs based on EdU incorporation. (F) FC-based quantification 

of mCherry reporter expression indicative for robust transgene induction after Dox treatment in hESCs 

(1-2 days) and respective PDLOs (9 days) harboring a piggyBac vector control or GNASR201H expression 

cassette (n=2, except GNASR201H hESC: n=3). (G) PDLO size measured by image-based area 

quantification after 2, 5, 7, and 9 days with and without Dox treatment of PDLOs. Size change is shown 

relative to d2 (n=3). (H) Quantification of cAMP assay performed with GNASR201H hESCs or PDLOs 

displaying upregulation of cAMP levels upon Dox-induced oncogene expression. FSK was added as 

positive control to stimulate cAMP production (n=1 in technical triplicates). All scale bars: 50 µM. Error 

bars depict Mean±SEM; G: ordinary two-way Anova with Sidak’s multiple comparison test. 
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Supplemental Figure 7. Mutation-dependent PDAC- or IPMN-like tumor formation from PDLO grafts 

(A) Summary of engraftment types resulting from orthotopically transplanted PDLOs after eight weeks. 

Cellular atypia and tissue dysplasia were carefully examined to allow grading into normal duct, low- or 

high-grade lesion, and invasive cancer. Grafts were classified according to the highest grade of lesion 

found within one graft. Marker (MUC5AC, CA19-9, Ki-67) expression was averaged over individual 

grafts of each genotype (–, completely or nearly absent; +, weak expression; ++, moderate expression; 

+++, strong expression). (B) IHC staining confirming a well-differentiated PDAC phenotype after 

KRASG12D induction alone and an almost completely undifferentiated PDAC phenotype after KRASG12D 

induction in CDKN2AKO/KO PDLO grafts (ZEB1, Zinc finger E-box binding homeobox 1). (C) Increased 

tumor marker expression (MUC5AC) in well-differentiated CDKN2AKO/KO PDLO-derived grafts without 

KRAS induction. (D) Staining of cell cycle-associated proteins in respective tumor sites depicted in 

Fig.7B (hg lesion 1, PDAC II). Very few P21 positive cells could be detected in the tumor derived from 

CDKN2AKO/KO KRASG12D PDLO grafts. As complementary mechanism to hyperphosphorylation of RB 

indicated for PDAC I in Fig.7E, RB protein appeared downregulated in CDKN2AKO/KO KRASG12D-derived 

PDAC II. Arrows in hg lesion 1 highlight a proliferative region, while dashed arrows depict a region with 

mainly intact P53/P21 and RB/pRB checkpoint control resulting in very low proliferation. (E) Panel-

sequencing of CDKN2AKO/KO KRASG12D PDAC II. All mutations, which were predicted to be likely 

pathogenic are shown. Of note, we detected an as pathogenic described P53S94P missense mutation 

with 25% allele frequency. (F) IHC staining of two GNASR201H grafts supporting IPMN-like tumor 

formation in GNASR201H grafts and revealing heterogeneity in MUC5AC and CA19-9 expression between 

different cysts. Overview HE staining of these grafts are shown in Fig.7H. Scale bar: 100 µM, except for 

HE staining. Scale bar in HE overviews: 500 µm; in insets: 50 µm. 

  



Supplemental Table 1. Copy number variations identified in PDAC1, PDACI, and III using lcWGS  
Please refer to separate Excel sheet. 
 
Supplemental Table 2. Point mutations identified in PDACII using a targeted sequencing approach 
Please refer to separate Excel sheet. 
 
Supplemental Table 3. Primers used in this study for cloning of plasmids 

Primer  Sequence 
attB1-SpeI-HindIII-(N-HA)-KRASG12D-fwd  aaaaagcaggcttcactagtgtctttcataagcttatgtatccatatgatgtgcccgact 
attB2-KRASG12D-rev agaaagctgggtgtgacacacattccacagggt 
attB1-SpeI-HindIII-GNAS(EE)R201H-fwd_new aaaaagcaggcttcactagtgtctttcataagcttatgggctgcctcgggaac 
attB2-GNASR201H-rev_new agaaagctgggtgttagagcagctcgtactgacg 
attB1-Luc2-for aaaaagcaggcttcgccaccatggaagatgccaaa 
attB2-Luc2-rev agaaagctgggtgttacacggcgatcttgccgcccttc 
PB-seq-fwd  agctcgtttagtgaaccgtcagatc 
PB-seq-rev gtacaagaaagctgggt 
GNAS_AS189-fwd aatatatgccgaccgagcagg 
Luc2_AS215-fwd cgcttgtgtccgattcagtc 

 
Supplemental Table 4. Composition of solutions for ion secretion and uptake experiments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Supplemental Table 5. Self-designed or commercially available qPCR primers used in this study 

Gene Forward primer sequence (fwd) Reverse primer sequence (rev) QuantiTect Cat# 
ALB - - QT00063693* 
AMY2A  - - QT01680595* 
BAX tggagctgcagaggatgattg gaagttgccgtcagaaaacatg  
CFTR - - QT00070007* 

 
Standard 
HEPES 

Na-Free 
HCO3

- 
Standard 
HCO3

- 
NH4Cl-

HCO3
- 

NaCl 130 - 115 95 
KCl 5 5 5 5 

MgCl2 1 1 1 1 

CaCl2 1 1 1 1 

Hepes 10 - - - 
Glucose 10 10 10 10 
NaHCO3

- - - 25 25 

EGTA - - - - 
NH4Cl - - - 20 

NMDG - 115 - - 

Choline 
HCO3

- 
- 25 - - 

Atropine - 0.01 - - 



FN1 - - QT00038024* 
GCG  - - QT00091756* 

HMBS - - QT00494130* 
INS  - - QT01531040* 
KRAS - - QT00083622* 
KRT19 ctacagccactactacacgac cagagcctgttccgtctcaaa  
KRT7 ggagccgtgaatatctctgtga tgcggtccggatggaataag  
N-CAD - - QT00063196* 
NKX6-1   QT00092379* 
P21 gcgccatgtcagaaccgcct gcaggcttcctgtgggcgga  
PDX1 - - QT00201859* 
PTF1A - - QT01033396* 
RELA atagaagagcagcgtgggga ttgggggcacgattgtcaaa  
SLUG cagtgattatttccccgtatc ccccaaagatgaggagtatc  
SNAIL gctccttcgtccttctcctc tgacatctgagtgggtctgg  
SOX4 - - QT00220605* 
SOX9 - - QT00001498* 
TWIST1 ctagatgtcattgtttccagag ccctgtttctttgaatttgg  
VIM gacaatgcgtctctggcacgtctt tcctccgcctcctgcaggttctt  
ZEB1 aaagatgatgaatgcgagtc tccattttcatcatgaccac  

*Primer sequences for commercial Qiagen primers are not available. 

 
Supplemental Table 6. IHC/IF conditions for antibodies used in this study 

Embedding Antibody Species Company Catalogue no. Condition Dilution 
paraffin AcTUB rabbit Abcam ab179484 MW Citrat 1000 
paraffin AMY2A rabbit Sigma A8273-1VL MW Citrat 300 
paraffin C-pep rabbit Cell Signaling 4593 MW Citrat 100 
paraffin CA19-9 mouse Thermo 116-NS-19-9 MW Citrat 500 
paraffin CDX2 rabbit Cell Marque - 

RabMab 
MU392-UC MW Citrat 500 

paraffin CFTR mouse R&D MAB1660 ST Tris 200 
paraffin CLDN1 rabbit Abcam ab15098 ST Tris 100 
paraffin E-CAD mouse Dako M3612 PC Citrat 100 
paraffin E-CAD mouse BD Bioscience 610182 MW Citrat 1000 
paraffin GCG mouse Sigma G2654 MW Citrat 500 
paraffin GFP rabbit Thermo A6455 No AGR 1500 
paraffin H-NUCL mouse Abcam ab190710 MW Citrat 200 
paraffin HA-Tag rabbit Cell Signaling 3724 MW Citrat 500 
paraffin HNF1B mouse Abcam ab236759 MW Citrat 100 
paraffin Ki-67 rabbit Thermo MA5-14520 MW Citrat 100 
paraffin Ki-67 mouse Dako M7240 MW Citrat 200 
paraffin KRT19 (IF) mouse Dako M0888 MW Citrat 100 
paraffin KRT19 (IHC) mouse Dako M0888 Pronase 100 
paraffin KRT7 (IF) mouse Dako M7018 MW Citrat 200 



paraffin KRT7 (IHC) mouse Dako M7018 Pronase 200 
paraffin KRT8 mouse BD Bioscience 345779 ST Tris 100 
paraffin mCherry rabbit Abcam ab167453 No AGR 500 
paraffin MUC1 mouse Santa Cruz sc-7313 MW Citrat 100 
paraffin MUC5AC mouse Santa Cruz sc-33667 MW Citrat 50 
paraffin N-CAD rabbit Cell Signaling 13116 MW Citrat or ST 

Tris 
100 

paraffin NKX6-1 mouse DSHB Hybridoma F55A12 
(concentrate) 

MW Citrat 150 

paraffin P21 rabbit Abcam ab109520 MW Citrat 300 
paraffin P53 mouse Santa Cruz sc-47698 MW Citrat 100 
paraffin PDX1 goat R&D AF2419 MW Citrat 500 
paraffin PKC rabbit Abcam ab59364 MW Citrat 200 
paraffin pRB rabbit Cell Signaling 8516 ST Citrat 200 
paraffin RB mouse Cell Signaling 9309 ST Citrat 400 
paraffin SOX9 rabbit Millipore AB5535 MW Citrat 500 
paraffin Turbo GFP Rabbit Thermo PA5-22688 ST Tris 250 
paraffin VIM rabbit Cell Signaling 5741S MW Citrat 500 
paraffin Zeb1 rabbit Santa Cruz sc-25388 PC Citrat 300 
paraffin ZO1 mouse Thermo 33-9100 MW Citrat 500 
cryo C-pep rabbit Cell Signaling #4593 No AGR 100 
cryo CD31 rat BD Bioscience 557355 No AGR 100 
cryo CTRC mouse Millipore MAB1476 No AGR 1200 
cryo GCG mouse Sigma G2654 No AGR 500 
cryo E-CAD rabbit Cell Signaling 3195 No AGR 200 
cryo KRT7 mouse Dako M7018 No AGR 200 
cryo KRT8 mouse BD Bioscience 345779 No AGR 100 
cryo KRT19 mouse Dako M0888 No AGR 100 
cyro CFTR rabbit Alomone ACL-006 HB 94°C 

Citrat/Tween 
200 

cyro Occludin mouse Thermo 33-1500 HB 94°C 
Citrat/Tween 

200 

*MW, microwave; No AGR, no antigen retrieval; PC, pressure cooker; ST, steamer; HB, heating block; 

 
Supplemental Table 7. Reference gene sets used within this study  
Please refer to separate Excel sheet. 
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Supplemental Item Legends 

 

Supplemental Table 1. Copy number variations identified in PDAC 1, PDAC I, and III using lcWGS  
Related to Fig.7F (Results)  

CNV with a log2ratio ≥ I0.75I are depicted. 
 

Supplemental Table 2. Point mutations identified in PDAC II using a targeted sequencing approach 
Related to Suppl.Fig.7E (Results)  

Point mutations identified in a comprehensive cancer panel (Qiagen). Variants marked in red are not 
reliable, as clarified in the “tag-defs” spreadsheet. 
 

Supplemental Table 3. Primers used in this study for cloning of plasmids 

Related to “All-in-One piggyBac-system and Nucleofection” (Methods)  

 

Supplemental Table 4. Composition of solutions for ion secretion and uptake experiments 
Related to “pH measurements via fluorescence microscopy” (Methods)  

 

Supplemental Table 5. Self-designed or commercially available qPCR primers used in this study 

Related to “RNA isolation, reverse transcription and qPCR” (Methods) 

*Primer sequences for commercial Qiagen primers are not available. 

 

Supplemental Table 6. IHC/IF conditions for antibodies used in this study 

Related to “IF and IHC staining” (Methods) 

*MW, microwave; ST, steamer; PC, pressure cooker 

 

Supplemental Table 7. Reference gene sets used within this study 

Related to “Gene set enrichment analysis” (Methods) 

 

Video S1. Live-cell imaging of CDKN2AKO/KO KRASG12D PDLOs w/o Dox stimulation 

Related to Fig.5.M 

Time-lapse video of PDLO culture monitored every 3 h over 4 days. The frame rate was 5 frames per 
second (fps). 
 
Video S2. Live-cell imaging of CDKN2AKO/KO KRASG12D PDLOs + Dox stimulation 

Related to Fig.5.M 

Time-lapse video of PDLO culture monitored every 3 h over 4 days. The frame rate was 5 frames per 
second (fps) and the red mCherry fluorescence signal indicates KRASG12D expression.  
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Supplemental Item Legends 

 

Supplemental Table 1. Copy number variations identified in PDAC 1, PDAC I, and III using lcWGS  

Related to Fig.7F (Results)  

CNV with a log2ratio ≥ I0.75I are depicted. 
 

Supplemental Table 2. Point mutations identified in PDAC II using a targeted sequencing approach 

Related to Suppl.Fig.7E (Results)  

Point mutations identified in a comprehensive cancer panel (Qiagen). Variants marked in red are not 
reliable, as clarified in the “tag-defs” spreadsheet. 
 

Supplemental Table 3. Primers used in this study for cloning of plasmids 

Related to “All-in-One piggyBac-system and Nucleofection” (Methods)  

 

Supplemental Table 4. Composition of solutions for ion secretion and uptake experiments 

Related to “pH measurements via fluorescence microscopy” (Methods)  

 

Supplemental Table 5. Self-designed or commercially available qPCR primers used in this study 

Related to “RNA isolation, reverse transcription and qPCR” (Methods) 

*Primer sequences for commercial Qiagen primers are not available. 

 

Supplemental Table 6. IHC/IF conditions for antibodies used in this study 

Related to “IF and IHC staining” (Methods) 

*MW, microwave; ST, steamer; PC, pressure cooker 

 

Supplemental Table 7. Reference gene sets used within this study 

Related to “Gene set enrichment analysis” (Methods) 

 

Video S1. Live-cell imaging of CDKN2AKO/KO KRASG12D PDLOs w/o Dox stimulation 

Related to Fig.5.M 

Time-lapse video of PDLO culture monitored every 3 h over 4 days. The frame rate was 5 frames per 
second (fps). 

 
Video S2. Live-cell imaging of CDKN2AKO/KO KRASG12D PDLOs + Dox stimulation 

Related to Fig.5.M 

Time-lapse video of PDLO culture monitored every 3 h over 4 days. The frame rate was 5 frames per 
second (fps) and the red mCherry fluorescence signal indicates KRASG12D expression.  
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