
1 

 

A GATA6-centered gene regulatory network involving HNFs and ΔNp63 

controls plasticity and immune escape in pancreatic cancer 

 

Bernhard Kloesch1,2, Vivien Ionasz1,2, Sumit Paliwal3, Natascha Hruschka1,2, Jaime Martinez de 

Villarreal3, Rupert Oellinger4,5, Sebastian Mueller4,5, Hans-Peter Dienes6, Martin Schindl2,7, 

Elisabeth S. Gruber2,7, Judith Stift2,6, Dietmar Herndler-Brandstetter1,2, Gwen Lomberk8, Barbara 

Seidler3,9, Dieter Saur3,9,10, Roland Rad3,9,10, Raul Urrutia8, Francisco X. Real5,11, Paola 

Martinelli1,2# 

 

SUPPLEMENTARY MATERIAL 

 

METHODS 

Mice 

The following mouse strains were described previously: FSF-KrasG12D/+, Pdx1-Flp, FSF-

R26CAG-CreERT2/+ 1, Gata6loxP/loxP2, , T2/Onc3, Rosa26-LSL-SB134, and Rosa26-CAG-loxP-frt-Stop-

frt-FireflyLuc-EGFP-loxP-RenillaLuc-tdTomato (referred to as R26Dual)5. The strains were 

interbred to obtain mice expressing oncogenic KRasG12D in the pancreas, together with the other 

alleles as mentioned in the text. Flp-dependent recombination was verified by PCR and GFP 

expression, and mice with <30% Flp-dependent recombination were excluded from the analyses. 

Male and female mice were given Tamoxifen-containing diet (Cre-active-400, Genobios) 

or 4-OHT intraperitoneal injections (10 mg/mL in corn oil, Sigma, 2 mg injected / animal) between 

20 and 30 weeks of age to induce Cre activity. Organs were collected at 65 weeks, or earlier if 

mice became moribund.  

Mice were bred and maintained at the Medical University of Vienna, under pathogen-free 

conditions. Animals had unlimited access to standard food and water and a light-dark cycle of 12 

h at 22 °C temperature, in accordance to guidelines of the institute and federal regulations. All 

experiments were conducted in compliance with Animal Ethics Committee of the Medical 

University of Vienna and federal laws. Ethical approval was obtained for all experiments 

(BMWFW-66.009/116-WF/V/3b/2015) 

Patient cohort, resected PDAC samples and data 

Sixty patients with a diagnosis of PDAC undergoing surgery with curative intent between 

2015 and 2016 at the Department of Surgery, Medical University of Vienna, were retrospectively 

defined as study cohort and the corresponding FFPE tumor samples were prepared for further 
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analysis. Patient and tumor characteristics were collected from the institutional database. The 

study was approved by the local ethics committee of the Medical University of Vienna 

(“Ethikkommission”, protocol no. 1753/2014). 

Patient-derived expression datasets 

The following datasets were downloaded from the indicated source and used in the 

analyses: Collisson (GSE17891, Array-based), Moffitt (GSE71729, Array-based), Bailey 

(Supplemental table from the publication, RNA-Seq), TCGA (UCSC-XENA browser, RNA-Seq), 

Puleo (E-MTAB-6134, Array-based), PanCuRx (EGAS00001002543, RNA-Seq). 

Histopathology and immunohistochemistry (IHC) 

Tissues were fixed in phosphate buffered formalin and embedded in paraffin. For 

histopathological analysis, tissues were serially sectioned (3 µm). Sections were stained with 

hematoxylin and eosin according to standard protocols. Immunostaining was performed 

according to standard protocols with DAKO reagents. DAB was used as chromogen, nuclei were 

counterstained using hematoxylin. Stained sections were scanned using 3DHISTECH 

Pannoramic MIDI Slidescanner and analyzed using Pannoramic Viewer 1.15.4 Software. The 

antibodies used are indicated in Supplementary Table 1.  

Quantification of tumor area, Ki67+ cells, and area with CD8+ cells in mouse tumors was 

performed manually on Pannoramic Viewer. Quantification of CD8+ cells in patients’ tumors was 

performed with Definiens Tissue Studio software. Quantifiable, good-quality H&E and IHC images 

were not available for all mice. 

Cell lines 

Primary cell lines were established from KFC tumors and metastases. Tissue was finely 

minced, digested in collagenase IV (Thermo Fisher), resuspended 1:1 in Matrigel (Sigma), 

seeded in 50µl droplets and cultivated in RPMI-1640 supplemented with 10% FBS and 

Penicillin/Streptomycin (Sigma). Successfully isolated cell lines were cultured in RPMI-1640 

supplemented with 10% FBS and Penicillin/ Streptomycin (Sigma) under standard 2D conditions. 

HEK293T, PaTu8988S, AsPC1, SUIT-2 007, and SUIT-2 028 cells were cultured in DMEM 

supplemented with 10% FBS. BxPC3 cells were cultured in RPMI-1640 supplemented with 10% 

FBS under standard conditions (37°C, 5% CO2, 20% O2). All the established cell lines were 

already available in the laboratory and were periodically tested for mycoplasma contamination by 

PCR. 

Cytotoxicity assay 
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Cells were seeded at low density (2000 cells/well) in a 96-well plate and treated as 

previously described6. After 72 h, cell viability was measured by an MTT-based assay (Biomedica) 

according to the manufacturer’s instructions. 

Matrigel invasion assay 

Transwells (Falcon, 8 µm) were coated with Matrigel (Sigma) diluted 1:10 in sterile PBS. 

Cells (105) were seeded onto Matrigel in serum-free RPMI-1640 and were allowed to invade 

towards RPMI-1640 containing 10% FBS added to the lower compartment. Cells that invaded the 

matrigel and were attached to the lower side of the transwell membrane were fixed after 24 h 

using 4% PFA, stained with DAPI and counted using a fluorescent microscope and the Definiens 

software. 

Wound-healing assay 

Cells were grown until they reached confluence, then the monolayer was scratched using 

a sterile 10µl pipette tip. Cells were washed once with PBS to remove floating cells and then 

changed to medium containing 1% FBS. The closure of the wound was monitored using a 

microscope with automatic image capture function (Zeiss). 

Proliferation assay 

Cells (2x104) were seeded in triplicates in a 6-well plate. Each day, for four consecutive 

days, cells were detached using trypsin and counted by CASY Cell Counter. 

Plasmids, transfection and infection 

Lentiviral vectors expressing non-targeting and GATA6-targeting shRNAs were 

purchased from SIGMA-Aldrich (MISSION sh-RNA). GATA6 cDNA was cloned into the GFP-

expressing FG12 lentiviral vector for overexpression in PDAC cells6. Virus-packaging HEK293T 

cells were transfected with standard calcium phosphate protocol, supernatant was collected 48h 

after transfection, filtered, and used to infect PDAC cells. Successfully infected cells were selected 

with puromycin or with FACS-sorting for GFP. 

Protein analysis 

Total protein lysates were obtained from cell culture dishes using Laemmli-Buffer. 

Sonicated samples were used for SDS-PAGE-western blotting using standard protocols. The 

antibodies used are indicated in Supplementary Table 1. 

Immunofluorescence 

Cells were seeded onto sterile glass cover slips, fixed with 4% PFA and permeabilized 

using TritonX according to standard protocols. Alexa-conjugated secondary antibodies (Life 

Technologies) were used, nuclei were stained with DAPI. The antibodies used are indicated in 

Supplementary Table 1. 
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ChIP 

ChIP was performed as described previously6. Briefly, cells were cross-linked with 1% 

formaldehyde for 8 minutes, and nuclei were enriched and lysed with SDS-containing buffer. 

Chromatin was sonicated using a Diagenode Bioruptor® instrument (15 cycles, 30 sec burst per 

cycle), and protein-DNA complexes were immunoprecipitated using anti-Histone H3-acetyl K27 

antibody (Abcam) and A/G-agarose beads (Santa Cruz). After de-crosslinking, DNA was 

extracted with standard phenol-chloroform procedure and analyzed using qPCR. A genomic 

region localized in a gene desert was used as negative control. Primer sequences are listed in 

Supplementary Table 2. 

Gene expression analysis 

Total RNA was extracted from cell culture dishes using Trizol followed by phenol-

chloroform extraction. RNA was retrotranscribed with LunaScript RT mix (NEB) following 

manufacturer’s instructions. qPCR was performed on cDNA using SYBR-green reagents and Bio-

Rad CFX real time PCR instruments. Primer sequences are listed in Supplementary Table 2. 

RNA-sequencing 

Library preparation for bulk 3’-sequencing of poly(A)-RNA was done as described 

previously7. Barcoded cDNA of each sample was generated with a Maxima RT polymerase 

(Thermo Fisher) using oligo-dT primer containing barcodes, unique molecular identifiers (UMIs) 

and an adapter. 5’ ends of the cDNAs were extended by a template switch oligo (TSO) and after 

pooling of all samples full-length cDNA was amplified with primers binding to the TSO-site and 

the adapter. cDNA was tagmented with the Nextera XT kit (Illumina) and 3’-end-fragments finally 

amplified using primers with Illumina P5 and P7 overhangs. In comparison to Parekh et al. the P5 

and P7 sites were exchanged to allow sequencing of the cDNA in read1 and barcodes and UMIs 

in read2 to achieve a better cluster recognition. The library was sequenced on a NextSeq 500 

(Illumina) with 65 cycles for the cDNA in read1 and 16 cycles for the barcodes and UMIs in read2.  

Data was processed using the published Drop-seq pipeline (v1.0) to generate sample- 

and gene-wise UMI tables8. Reference genome (GRCm38) was used for alignment. Transcript 

and gene definitions were used according to the ENSEMBL annotation release 75. Raw data 

were deposited at ENA. 

Gene Set Enrichment Analyses (GSEA) 

Differential gene expression was computed using the Comparative Marker Selection 

module of Genepattern, by performing pairwise comparisons. GSEA was then calculated on the 

ranked list of makers using the GSEA Preranked module and interrogating the Hallmarks and the 

C3-TFT Transcription Factor Targets gene set collections, or selected gene sets from the MSigDb 
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database of the Broad Institute. GATA6low and GATA6high tumors were defined as the bottom and 

top quartile of patients for GATA6 expression, respectively, in all the patient-derived datasets 

analyzed. FDR <0.05 was considered significant. 

Statistical analysis 

Data are provided as mean±SEM. Statistical analysis was performed with VassarStat.net, 

R Studio, and Graph Pad Prism, using two tailed Student’s T-test or Mann-Whitney U test for 

pairwise comparisons, Fisher Exact Probability test, or Pearson’s correlation test. Significance 

was considered for two-sided P<0.05. 
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Supplementary Table 1: antibodies used in the study. 

Antibody Company Cat# 

Anti-GFP ROCHE 11814460001 

Gata-6 (D61E4) XP Rabbit mAb Cell Signaling #5851 

Anti-p63 N2C1 antibody GeneTex GTX102425-100 

Purified anti-Keratin 14 Biolegend 905304 

Anti-Human CD8 (C8/144B)  DAKO M7103 

E-cadherin BD  610181 

488-Anti-rabbit IgG (H+L) secondary AB life technologies A21206 

555-Anti-mouse IgG (H+L) secondary AB life technologies A31570 

Anti-Vinculin SIGMA V9264 

GAPDH clone FF26A eBioscience 14-9523-80 

Histone H3 (acetyl K27) Abcam ab4729 

normal rabbit IgG isotype control Thermo fisher 26102 

CD8 Clone CD8/144B DAKO M7103 

HNF4A Cell Signaling Technology 3113S 

KRT5 Biolegend PRB-160P 

Anti-Ki67 ThermoFisher MA5-14520 
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Supplementary Table 2: primers used in the study. 

Genotyping 

Kras Common forward CACCAGCTTCGGCTTCCTATT 

Kras WT reverse AGCTAATGGCTCTCAAAGGAATGTA 

Kras FSF MUT reverse GCGAAGAGTTTGTCCTCAACC 

Pdx1-Flp forward AGAGAGAAAATTGAAACAAGTGCAGGT 

Flp reverse CGTTGTAAGGGATGATGGTGAACT 

Gabra forward AACACACACTGGAGGACTGGCTAGG 

Gabra reverse CAATGGTAGGCTCACTCTGGGAGATGATA 

CreERT2 forward GAATGTGCCTGGCTAGAGATC 

CreERT2 reverse GCAGATTCATCATGCGGA 

IMR0316 (R26 WT reverse)  GGAGCGGGAGAAATGGATATG 

IMR0883 (R26 Common 

forward) AAAGTCGCTCTGAGTTGTTAT 

Reni_FW CTCATATCGCCTCCTGGATCACT 

ReniL_RV GAAGCTCTTGATGTACTTACCCATTTC 

GATA6genot_F CCTGCTGGGGTTGACCAT 

GATA6genot_R AGTTCCGCACGTGGAAATAG 

RT-qPCR 

hGATA6_F GTGCCCAGACCACTTGCTAT 

hGATA6_R TGGAATTATTGCTATTACCAGAGC 

hHNF4A_ex2-3_F  GGTGCCTCGAGCTGTGAC 

hHNF4A_ex2-3_R  GGCACTGGTTCCTCTTGTCT 

hCDH1_F AGAACGCATTGCCACATACACTC 

hCDH1_R CATTCTGATCGGTTACCGTGATC 

hFOXA1_F GCTCCAGGATGTTAGGAACTGT 

hFOXA1_R ATGGTCATGTAGGTGTTCATGG 

hDNP63_ex1-2_F  TGTTGTACCTGGAAAACAATGC 

hDNP63_ex1-2_R  GAGGAGCCGTTCTGAATCTG 

hKRT14_F  ACAGTCCCTACTTCAAGACCATT 

hKRT14_R  AGACGGGCATTGTCAATCTG 

hKRT5_ex2-3_F  ACAGCATCGTGGGGGAAC 

hKRT5_ex2-3_R TCTCAGCAGTGGTACGCTTG 

hFAT2_ex2-3_F  AGGGAAGCTGACCTTCAACA 

hFAT2_ex2-3_R  TCATCCTTGTTCTCTCTGTCCA 

hS100A2_ex2-3_F  GGGAAATGAAGGAACTTCTGC 

hS100A2_ex2-3_R  CCTGCTGGTCACTGTTCTCA 

hPTHLH_ex3-4_F  CGGTGTTCCTGCTGAGCTAC 

hPTHLH_ex3-4_R  AATCGTCGCCGTAAATCTTG 

hHPRT_F GGCCAGACTTTGTTGGATTTG 

hHPRT_R TGCGCTCATCTTAGGCTTTGT 

ChIP 

mS100a2_TSS_F  CATCTGTGCTCTGCATTCCT 

mS100a2_TSS_R  AGCAGAACCTTGTGTCCTGAA 
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mKrt14_TSS_F CCCCTTGGCTTTCATCACT 

mKrt14_TSS_R  TCCCCTGGTGAATCATGC 

mRunx3_TSS_F  AAAGGAGGGGGAGCATGTAG 

mRunx3_TSS_R  TTGTGGTTCTGTGGTTGAGG 

mMyc_TSS_F  CGGGGGCTCCTAGATAACTC 

mMyc_TSS_R  TGCCCTGCGTATATCAGTCA 

mPdx1_TSS_F GGATCAGGCGACTGAGAGAG 

mPdx1_TSS_R ACTGCTCTCCTGGGGAACC 

mHnf4a_TSS_F AAGATTCCCCTAACCCCAGA 

mHnf4a_TSS_R ACCCAAGGTGGGTGGATAC 

mNEG2_F TGAGTTCAGACATCTCATCTTTCA 

mNEG2_R TTCTGGTTTCCTTCTCCTTCA 
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SUPPLEMENTARY FIGURES 

 

 

 

Supplementary Figure 1. GATA6 loss in PDAC correlates with the basal phenotype. 

A) Correlation between GATA6 and TP63 expression in patient-derived transcriptomic datasets. 

B) Enrichment of the gene set “Np63 target genes” among the genes up-regulated in GATA6low 

versus GATA6high tumors in the indicated datasets. C) Frequency of basal and non-basal subtypes 

among the GATA6low and GATA6high tumors (bottom and top quartile, respectively) of the five 

datasets. 
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Supplementary Figure 2. GATA6 inhibits the basal phenotype in PDAC. A) 

Quantification of TP63 expression in GATA6high and GATA6low tumors. Refers to Figure 1D. B) 

Representative H&E and expression of TP63 and GATA6 in a metaplastic lesion detected by IHC. 

Magnification of a detail indicated by the black arrowhead is shown on the bottom. Scale bar: 

200µM. C) Quantification of GATA6 expression in PaTu8988S cells upon knock-down and BxPC3 

cells upon overexpression, measured in western blots run in parallel. D) Quantification of GATA6, 

DNp63, and KRT14 in BxPC3 Ctrl and overexpressing GATA6. E) Quantification of the indicated 

proteins in PaTu8988S Ctrl and with GATA6 silencing. F) Expression of GATA6 in BxPC3 cells 

after CRISPR/Cas9 knock-out of TP63 (left) and in PaTu8988S cells after overexpression of 

Np63 (right) measured by RNA-Seq (data from Somerville et al.). E) Overlap between GATA6 

ChIP-Seq peaks in PaTu8988S, TP63 peaks in BxPC3, and the squamous elements defined by 

Somerville et al. Data shown in D and E are shown as mean ± standard deviation of n=3 biological 

replicates for BxPC3 and n=2 biological replicates for PaTu8988S. *P<0.05. 
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Supplementary Figure 3. GATA6low classical tumors express higher HNF1A and 

HNF4A. A) Expression of HNF1A, HNF4A, and GATA6 in the different groups of patients in the 

indicated datasets. *P<0.05, **P<0.001, ***P<0.0001. B) RNA expression of GATA6, HNF4A, 

HNF1A, and TP63 in a panel of PDAC cell lines, source: CCLE. 
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Supplementary Figure 4. Epigenetic marks around HNF4A, HNF1A, and GATA6 TSS 

differ between PDX-derived cells. A-C) Read count profile from H3K27me (A), H3K27ac (B), 

and H3K4me3 (C) ChIP-Seq on PDX-derived cells around the transcription start site (TSS) of 

HNF4A, HNF1A, and GATA6. Each line represents one of the cell lines indicated on the bottom.  
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Supplementary Figure 5. Spontaneous Gata6 loss favors metastasis. A) 

Quantification of the Krt14 and Krt5 IHC shown in figure 4A. concordance between the two 

stainings is shown in the table on the right. B) Pathological grading of the KFC tumors. Statistical 

analysis (Fisher’s exact test) was performed for the indicated groups. C) Quantification of Ki67-

positive cells in KFC tumors divided in Gata6pos and Gata6neg. *P<0.05. D) Representative images 

of E-cadherin expression in primary Gata6LateKO tumors and the corresponding liver and lung 

metastases. Scale bar: 200µm. 
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Supplementary Figure 6. Gata6neg KFC cells show features of basal PDAC A) 

Expression of a set of basal and classical genes in Gata6pos, Gata6LateKO, and Gata6Loss KFC cells 

measured by RT-qPCR. Gata6pos n=4, Gata6LateKO n=15, Gata6Loss n=6. Each dot represents one 

cell line.  B) Quantification of in vitro migration of primary KFC cells, measured 12h and 24h after 

scratch. C) In vitro matrigel invasion assay with primary KFC cell lines, measured 24h after 

seeding. Gata6pos n=4, Gata6LateKO n=15, Gata6Loss n=6. D) H3K27ac enrichment at the promoter 

of Runx3, S100a2, Krt14, Pdx1 and Hnf4a, detected by ChIP-qPCR in primary KFC cells. Data 

are represented as % of input chromatin. Gata6pos n=4, Gata6LateKO n=7, Gata6Loss n=3. Each dot 

represents the average value of at least three independent experiments for each tumor cell line. 
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Supplementary Figure 7. Gata6 loss induces cell plasticity. A) Heat map of 

unsupervised hierarchical clustering of Gata6pos, Gata6LateKO and Gata6Loss primary cells and 

reference cell lines. B-D) Gene set enrichment analyses of RNAseq data from KFC cells from the 

indicated subgroups. 
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Supplementary Figure 8. GATA6low tumors show features of immune suppression. 

A) Enrichment of the gene set “MHCI mediated antigen processing and presentation” in GATA6low 

samples of the Puleo dataset. B) Estimated abundance of CD8+ and CD4+ T cells in GATA6high 

and GATA6low tumors of the Puleo dataset. **P<0.001. C) Correlation between GATA6 and 

CD274/PDL-1 expression in the Bailey dataset. D) Representative images of Cd8 IHC in a 

Cd8high and a Cd8low tumor from the KFC mice. Quantification of the area with Cd8-positive 

cells clusters is shown on the right, mice were categorized based on genotype, Gata6 IHC, or 

presence of metastases. Statistical significance was tested with Mann-Whitney U test. 
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