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SUPPLEMENTARY MATERIAL AND METHODS 

 

Cerulein application 

Pancreatitis was induced in eight-week-old animals by administering eight-hourly intraperitoneal 

injections of cerulein (Sigma-Aldrich, C9026) (100 μg / kg body weight cerulein in 0.9 % saline) on two 

consecutive days. Control animals received equal volumes of 0.9 % saline. Pancreatic tissue and blood 

were collected for analysis. For the determination of serum Lipase and LDH levels, blood serum was 

isolated after two centrifugation steps (800 x g, 20 min, RT) and analyzed in the Department of Clinical 

Chemistry at the Technical University of Munich, Germany. 

 

Cell lines 

The cell lines KC-428, KC-921 and KC-6066 were isolated from a resected pancreas tumor of a 38-week-

old male, 58-week-old male and of a mouse with unknown age and gender, respectively, with the 

genotype Ptf1aCre/+;LSL-KrasG12D/+ (KC). Cell lines KPC-1050, KPC-3595 and KPC-3601 were isolated 

from a resected pancreatic tumor of a 28-week-old male, 17-week-old female and a 25-week-old male 

Ptf1aCre/+;LSL-KrasG12D/+;Trp53lox/+ (KPC) mouse, respectively. The murine pancreatic cancer cell lines 

were previously established in our laboratory and stored at low passage for further experiments, except 

for the KC-6066 cell line which was a gift from David Tuveson's lab. All cell lines were cultured in 

Dulbecco’s Modified Eagle Medium (DMEM), supplemented with 10 % fetal bovine serum (FBS), 

penicillin (100 U / ml) and streptomycin (10 mg / ml) (all from Sigma-Aldrich) and incubated at 37 °C in a 

humidified chamber with saturated atmosphere containing 5 % CO2. Cells were passaged at a confluency 

of 80 - 90 % with 0.05 % trypsin (v/v) and 0.2 % EDTA (w/v) (Sigma-Aldrich) in Dulbecco’s Phosphate-

Buffered Saline (PBS). Cell lines were mycoplasma-negative as tested by PCR.  

 

Acinar cell isolation and 3D acinar cell explant culture 

Embryonic acinar cells were obtained from E18.5 C57BL/6J mouse pancreata and adult acinar cells were 

isolated from eight-week-old mice. Samples dedicated for acinar cell suspension or 3D acinar cell explant 

culture were isolated as previously described.1 Acinar cell isolation for RNA extraction was performed as 

followed: pancreas was digested with 1.5 mg / ml collagenase type VIII (Sigma-Aldrich) at 37 °C for 15 

min. After washing with RPMI-1640 medium containing 5 % FBS, tissue/cells were centrifuged (19 x g, 

5 min, RT) and subjected to a second digestion and washing step. Consecutively, collected tissue/cells 
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were filtered through a 100 µm nylon cell strainer and acinar cells were isolated by performing two low-

speed centrifugation steps (19 x g, 5 min, RT). Acinar cells were directly used for RNA isolation. 

Pancreatic acinar cell isolation for ChIP analysis was performed as followed: resected pancreatic tissue 

was cross-linked with 1 % formaldehyde in PBS for twelve minutes, quenched with 125 mM glycine before 

subjected to collagenase digestion. Embedding of acinar cell explants in 3D-collagen matrix was 

performed as previously described.1 For RNA / protein extraction and ChIP analysis of 3D ADM cultures, 

embedded cells were recovered as previously described.1 For histological or immunofluorescence 

staining, collagen gels were fixed overnight in 4 % PBS-buffered formaldehyde, dehydrated and 

embedded in paraffin.  

 

Immunohistochemical and immunofluorescence staining  

Immunohistochemical and immunofluorescence staining was performed on deparaffinized 3 µm tissue or 

3D-collagen gel sections by following standard protocols. The following primary antibodies were used: 

anti-Amylase (Santa Cruz Biotechnology, sc-46657), anti-BrdU (Santa Cruz Biotechnology, sc-56258), 

anti-CD45 (BD Biosciences, 550539), anti-Clusterin-α (Santa Cruz Biotechnology, sc-6419), anti-

Cytokeratin-19 (Develop. Studies Hybridoma Bank, University of Iowa, Troma-III), anti-H2AK119ub (Cell 

Signaling, 8240), anti-tdTomato (OriGene, TA180009) and anti-Vimentin (Abcam, ab92547). Tissue 

sections were stained for 30 min with 3 % Alcian Blue solution. Hematoxylin and eosin (H&E) staining of 

tissue and 3D-collagen gels was performed according to the standard protocol. Immunohistochemical 

and H&E sections were scanned with the Aperio AT2 (Leica Biosystems) or the Pannoramic MIDI II 

(Sysmex) slide scanner. One representative H&E section per animal (depicting the maximum area of 

tissue) was scored in 0.5 steps in a range of zero to three for the amount of infiltrated immune cells, 

fibrosis and quantity of low-grade PanINs. Area of ADM remodeling was estimated in percent in relation 

to the whole tissue section. Orthotopic tumors were classified on the basis of a histological score that 

considers the differentiation grade, tumor size and amount of necrosis in a range from zero to three in 

0.5 steps. Histological observations were blindly conducted by the pathologists IE and KS. For all 

immunohistochemical tissue staining, the number of positive cells or positive pixel were counted by using 

QuPath (0.1.2) open source software and related to the total area of the tissue. The 3D-collagen gels 

were cut into consecutive sections and H&E staining was performed on every tenth slide. The H&E slide 

with the highest number of cells was selected for scanning and the following slide was used for 

immunofluorescence staining. The total number of ADM lesions was counted manually and related to the 
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total collagen gel size, which was determined with the QuPath software. ADM size was analyzed using 

the QuPath software. Here, all ADM lesions were manually annotated, yielding the area of each counted 

lesion in µm2. For the evaluation of the immunofluorescence staining, five representative pictures were 

taken by using the microscope Axiovert 40 CFL (Zeiss) and the Axiovision SE64 Rel.4.9 software (Zeiss). 

The number of positive cells was quantified in relation to the total number of cells, as assessed by the 

DAPI staining.   

 

Protein extraction and immunoblot analysis 

For protein extraction, acinar cells, 3D-ADMs and pancreatic tumor cells were lysed in 50 mM Tris-HCl 

(pH 7.4) containing 2 % SDS. Mouse pancreatic tissue was homogenized and lysed in tissue lysis buffer 

(50 mM Tris-HCl (pH 8), 150 mM NaCl, 2 mM EDTA, 1 % NP-40, 0.5 % SDS, 1 % sodium deoxycholate, 

30 mM NaF, 20 mM Na4P2O7, 1 mM NaVO3, 1 mM DTT) using a TissueLyser (Qiagen). Protein 

concentration was quantified by using the BCA Assay (Thermo Fisher Scientific) and 15 µg of protein 

extracts were subjected to immunoblot analysis. The following primary antibodies anti-H2AK119ub (Cell 

Signaling, 8240), anti-H3K4me3 (Cell Signaling, 9751), anti-H3K27me3 (Merck Millipore, 07-449 or Cell 

signaling, 9733), anti-Ring1b (Cell Signaling, 5694), anti-Ezh2 (Cell Signaling, 5246), anti-Rtf1 (Cell 

Signaling, 14737), anti-Jarid1a (Kdm5a) (Cell Signaling, 3876), anti-Histone H3 (Cell Signaling, 4499) or 

anti-Gapdh (Santa Cruz Biotechnology, sc-25778) were used.  

 

RNA isolation and quantitative RT-PCR 

Total RNA from isolated cells was extracted using the RNeasy® Plus Mini Kit (Qiagen) according to the 

manufacturer's protocol. For the isolation of total RNA from mouse pancreas, tissue was first 

homogenized in TRI Reagent® (Sigma-Aldrich) using a TissueLyser (Qiagen). The RNA phase was 

separated by applying 1-Bromo-3-chloropropane (BCP) (Sigma-Aldrich). RNA extraction was further 

performed by using the RNeasy® Plus Mini Kit. cDNA synthesis and quantitative RT-PCR were conducted 

as previously described.1 Primer sequences are listed in Supplementary Table 1. 

 

CRISPR-Cas9 gene editing 

KPC-1050 tumor cells were transfected with 2 µg of the Ring1b CRISPR/Cas9 KO (Santa Cruz 

Biotechnology, sc-422688) and the Ring1b HDR plasmid (Santa Cruz Biotechnology, sc-422688-HDR) 

according to the manufacturer's protocol. For the generation of control cells, KPC tumor cells were 
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transfected with the control CRISPR/Cas9 (Santa Cruz Biotechnology, sc-418922) and the Ring1b HDR 

plasmid. Single clones were generated under 4 µg/ml Puromycin selection. 

 

Orthotopic transplantation 

1x106 control or R1b KO cells, resuspended in 50 µl PBS, were injected into pancreatic parenchyma. 

Mice were sacrificed after 19 days. Lung, liver, pancreas and blood were harvested for further analysis. 

To isolate circulating epithelial cells, blood was mixed with Heparin and red blood cell lysis buffer. Cells 

were washed with PBS containing 3 % FBS and 3 % Pen/Strep, centrifuged (5 min, 300 x g, RT), plated 

and cultivated for six days. Cells were fixed in methanol and stained with crystal violet. 

 

PRT4165 treatment 

KPC (1050, 3595, 3601) and KC (921, 428 and 6066) tumor cells and 3D acinar cell explants were treated 

with 100 µM of PRT4165 (Merck Millipore, 203630), dissolved in DMSO. 

 

Colony formation assay 

1000 KPC-1050 tumor cells were seeded on six-well plates and treated with 100 µM PRT4165 for 24 

hours. Same number of R1b KO and control cell clones were seeded. Cells grew for seven days in DMEM 

medium supplemented with 10 % FBS. After methanol fixation, cells were stained with 0.05 % crystal 

violet.  

 

Multicellular spheroid assay 

Cells were cultured in 96-well ultra-low attachment plates (Corning). For each condition 13, 25, 50 and 

100 KPC-1050 cells were seeded, cell culture medium was supplemented with either 100 µM PRT4165 

or diluent. 13, 25, 50, 100 and 200 cells of R1b KO or control clones (n = 3), were seeded in cell culture 

media. Cells were cultivated for ten days; number of tumor cell spheroids was counted manually. 

 

Affymetrix gene expression microarray 

Total RNA was analyzed in triplicates by mRNA microarray analysis using the GeneChip® Mouse Gene 

2.0 ST Array (Affymetrix) at the Helmholtz Zentrum Munich or at the Biologisch-Medizinisches 

Forschungszentrum Duesseldorf, Germany. Precisely, for EA, three samples were generated from three 

different female C57BL/6J mice including at least 4 embryos. For AA, acinar cells were isolated from 
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three distinct C57BL/6J mice. For ADM, acinar cells from three C57BL/6J mice were pooled, collectively 

embedded for one 3D culture experiment and experiments were repeated for three times. For the tumor 

cell line (KC-921), three different cell culture passages were included. Data are available in the Gene 

Expression Omnibus (GEO) database under the GEO accession number GSE116152. Data 

normalization and background correction was performed in R (version 3.4) using Robust Multichip 

Average (RMA, library 'oligo') including background correction and quantile normalization. Technical 

control probe sets as well as probe sets with zero variance were excluded from all further analyses. Many-

probe-sets-to-one-gene relationships were resolved by keeping only one probe set with highest variance 

for each gene (annotation package 'mogene20sttranscriptcuster.db' version 8.7.0). Genes, exhibiting a 

log2 expression value of ≥ 5 in at least one condition were defined as 'active'. A total number of 10140 

'active genes' was considered for further analyses.  

 

Chromatin immunoprecipitation (ChIP)  

Cells were cross-linked with 1 % PBS-buffered formaldehyde for ten minutes at RT and subsequently 

quenched with 125 mM glycine for five minutes. After fixation, cells were lysed in ChIP cell lysis buffer 

(5 mM PIPES (w/v), 85 mM KCl (w/v), 0.5 % NP-40 (v/v)) with protease inhibitor for ten minutes at 4 °C 

and centrifuged (10 min, 200 x g, 4 °C). Cell nuclei were resuspended in Micrococcal Nuclease (MNase) 

reaction buffer (50 mM Tris-HCl (w/v) (pH 8.1), 5 mM CaCl2 (w/v)) and DNA was sheared through 

digestion with MNase (Thermo Fisher Scientific). Next, nuclei were pelleted and lysed in nuclei lysis buffer 

(50 mM Tris-HCl (w/v) (pH 8.1), 10 mM EDTA (w/v), 1 % SDS (w/v)) supplemented with protease 

inhibitor. Samples were sonicated for five cycles (30 s on / 30 s off, low amplitude), centrifuged (10 min, 

10,000 x g, 4 °C) and supernatant was harvested. After pre-clearing with Protein A agarose/salmon 

sperm DNA (Merck Millipore), the antibodies anti-H2AK119ub (Cell Signaling, 8240, 9 µg), anti-H3K4me3 

(Cell Signaling, 9751, 4 µg), anti-H3K27me3 (Abcam, ab6002, 10 µg) or IgG control (Santa Cruz 

Biotechnology, sc-2027) were added and incubated overnight at 4 °C. Chromatin/antibody complexes 

were immunoprecipitated with Protein A agarose/salmon sperm DNA (one hour, 4 °C) and were 

consequently washed with low salt, high salt, LiCl (lithium chloride) and twice with TE (Tris - EDTA) 

washing buffer (centrifugation 1 min, 4,000 x g, 4 °C). Chromatin was eluted in 1 % SDS (w/v) and 

100 mM NaHCO3 (w/v) after two 15 minutes incubations at RT and reverse cross-linked in 0.2 M NaCl at 

65 °C overnight. The next day, chromatin was treated with 0.5 µg / µl RNase A (Qiagen) for 30 minutes 

at 37 °C. Solution was buffered with 0.01 M EDTA (w/v) and 0.04 M Tris-HCl (w/v) and protein digestion 
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was performed by adding 0.5 µg / µl Proteinase K (Peqlab) for two hours at 37 °C. DNA was purified with 

the Qiaquick® PCR Purification Kit (Qiagen) and sequenced or quantified by qRT-PCR. Primer sequences 

are listed in Supplementary Table 1. Sample values were calculated according to the Percent Input 

method. Analysis of the Gapdh and Myogenin promoter was included for each experiment as quality 

control in order to ensure specific enrichment of the activating and repressive histone modifications, 

respectively.  

 

ChIP followed by massive parallel sequencing 

For the ChIP-sequencing analysis, we considered the general heterogeneity of tissue samples and 

pooled acinar cells from 10 embryos steming from two distinct litters (EA) and from three different 

C57BL/6J mice (AA). For the 3D ADM cell culture we pooled acinar cells from three distinct C57BL/6J 

mice and for the tumor cells (KC-921) (TC) we utilized one passage. ChIP-seq was conducted at the 

Center for Molecular and Cellular Bioengineering (CMCB), Technical University Dresden, Germany. 

Sequencing libraries were prepared with the NEBNext® Ultra™ DNA Library Prep Kit for Illumina® (New 

England Biolabs) according to the manufacturer’s instructions with an input of 50 ng immunoprecipitated 

DNA or input DNA. PCR products of adapter-ligated DNA were isolated with a QIACube (Qiagen). Quality 

of ChIP-seq library was determined by Bioanalyzer using Agilent High Sensitivity DNA Kit (Agilent). The 

average size of ChIP-seq libraries ranged from 220 to 320bp. Sequencing was performed with the 

HiSeq2000 Next Generation Sequencer (Illumina) as single-end 75 bp reads. Sequencing depth ranged 

from 11 - 47 M reads. Data are available in the Gene Expression Omnibus (GEO) database under the 

GEO accession number GSE116152. 

 

Computational analysis of ChIP-Seq data 

Sequencing reads were aligned to GRCm38 using Bowtie (version 1.1.2) allowing only unique genomic 

matches (-m 1) and low quality bases were clipped from the 5-prime end (-5; n=8). After alignment, reads 

were subsequently extended to 200 bp. Unequal number of mapped reads were adjusted by subsampling 

to the smallest read count per target (H3K4me3: 12322824 reads, H3K27me3: 25945570 reads, 

H2AK199ub: 24559066 reads). Peaks were visualized with the Integrated Genome Browser 9.0.0 

(bioviz.org/igb/). The ChIP-seq peaks were called with Homer (v 4.9) and annotated with the Bioconductor 

packages 'ChIPseeker' and 'ChIPpeakAnno' using R version 3.5.1. Enhancer regions were annotated 

according to the identified enhancer regions published by Roe and co-authors.2 For each annotated gene 
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promoter, the mean signal intensity of reads was defined in a window from -2 kb to +4 kb of the respective 

TSS (Ensembl GRCm38 release 81, annotation time stamp 07-17-2015). In order to remove the 

background noise, a cutoff of 64 reads for H3K4me3 and 32 reads for H3K27me3 and H2AK119ub in at 

least one condition (EA, AA, ADM or TC) was applied on the total number of reads in the 6 kb promoter 

window. Read density plots showing the position relative to TSS or the position relative to peak center 

were visualized in a ±3 kb window. Thresholds of signals for the definition of bivalency were obtained by 

either choosing the minimum value between the two modes defining inactive and active genes 

(H3K4me3) or by modeling unbound and bound populations using the package 'locfdr' with an FDR 

threshold of 0.2. For further computational analyses of the ChIP-seq data only genes that were actively 

expressed (log2 expression value of ≥ 5) in at least one condition (EA, AA, ADM, TC) were considered 

(10140 genes in total). 

 

Gene clustering and functional annotation 

In order to visualize hierarchical clustering of mRNA microarray analysis in a tree diagram, a Dendrogram 

was created in R (version 3.4) using the package "dendextend" on hierarchical clustering of the samples 

using Euclidean distance as distance metric represented at the y-axis. Principal component analysis was 

performed in R (version 3.5.0) including our data set (GSE116152) and the published data sets listed in 

Supplementary Table 2. Furthermore, k-means clustering of the gene expression data was performed 

using the R (version 3.5.0) stats k-means function with 8 centers and default parameters. Differentially 

expressed genes were identified using the R package 'limma’. Cumulative read density plots of the 

histone modifications in a ±3 kb window relative to the TSS was plotted for all genes within each cluster. 

In order to correlate changes in histone modifications and gene expression, differentially expressed genes 

were identified through a moderated t-statistic using the R package 'limma’ with an adjusted p-value cutoff 

of < 0.1. Afterwards, the fold changes of H3K4me3, H3K27me3 and H2AK119ub in the promoter region, 

comparing EA, ADM and TC to AA, were associated to up-, unchanged or down-regulated genes. Next, 

log2 fold changes (log2FC) for histone modifications in EA, ADM and TC compared to AA were calculated 

for each annotated gene promoter based on the mean signal intensity of reads in a window from -2 kb to 

+4 kb of the respective TSS. A log2FC > 1 was considered as a gain and a log2FC < -1 as a loss of the 

histone mark. Moreover, the cluster analysis, which implements the relative gene expression of 'active 

genes' and the corresponding log2FC in histone modification profiles, was performed using k-means 
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clustering and the R (version 3.5.0) stats k-means function with eight centers and default parameters and 

visualized using tSNE. 

Functional gene annotations were performed with the Database for Annotation, Visualization and 

Integrated Discovery (DAVID) v6.7 or v6.8.3,4 'Active' genes, defined by active gene expression in at least 

one condition (EA, AA, ADM and TC) was designated as background gene set.  
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