












Supplemental Figure Legends 

Figure S1. Efficient and specific labeling of ductal and acinar cells is induced by 

the Sox9CreER and Ptf1aCreER alleles. (A) Immunofluorescence staining for Sox9 or 

Cpa1 with YFP and DNA (Hoechst) on Sox9CreER;Trp53flox/flox;R26RYFP (Duct:PcKO) 

(n=3) and Ptf1aCreER;Trp53flox/flox;R26RYFP (Acinar:PcKO) (n=2) pancreata four weeks post 

tamoxifen injection. (B) Quantification of YFP+Sox9+ or YFP+Cpa1+ cells relative to the 

total number of Sox9+ or Cpa1+ cells, respectively, from immunofluorescence staining in 

(A). Less than 2% of Cpa1+ acinar cells and less than 0.5% of Sox9+ ductal cells were 

labeled in the Duct:PcKO and Acinar:PcKO mice, respectively. (C) Immunohistochemical 

staining for YFP on Sox9CreER;KrasG12D;Trp53flox/flox;R26RYFP (Duct:KPcKO) and 

Ptf1aCreER;KrasG12D;Trp53flox/flox;R26RYFP (Acinar:KPcKO) pancreatic sections with 

tamoxifen injection and Sox9CreER;R26RYFP (Duct:R26RYFP) and 

Ptf1aCreER;KrasG12D;Trp53flox/flox;R26RYFP (Acinar:KPcKO) pancreatic sections without 

tamoxifen injection. (D-E) Images of hematoxylin and eosin (H&E) stained tissues show 

representative examples of local or distant invasion of tumor cells into the indicated 

tissue type. Areas of normal tissue (#) or PDAC and adenocarcinoma (AC) are outlined 

with a dashed line. Tumor cells are also marked by arrowheads. (D) Representative 

images of tumor cell invasion into the spleen, intestine, or nerves in Duct:KPcKO or 

Acinar:KPcKO mice. Boxed area outlined in spleen image is shown in the inset for an 

adjacent section stained with immunohistochemistry for Cytokeratin 19 (CK19) to 

identify tumor cells in the spleen and lymph nodes. (E) Representative image of a 

distant metastases in the diaphragm of Duct:KPcKO mice. (F) Representative image of 

an adenocarcinoma (AC) found in the liver of Duct:KPcKO mice. Gross distant 



metastases were not observed in Acinar:KPcKO mice. All values shown as mean ± SEM. 

Scale bars: 100 µm (A, C-F). 

 

Figure S2. Tumors in Duct:KPcKO and Acinar:KPcKO mice are Sox9+Hnf1b+p53-. (A) 

Immunohistochemical staining for Hnf1b and Sox9 on tumors from  

Sox9CreER;KrasG12D;Trp53flox/flox;R26RYFP (Duct:KPcKO) and 

Ptf1aCreER;KrasG12D;Trp53flox/flox;R26RYFP (Acinar:KPcKO) mice. (B) PCR analysis of 

genomic DNA from tumors in Duct:KPcKO and Acinar:KPcKO mice confirmed successful 

recombination of the KrasLSL-G12D and Trp53flox alleles. Tissues from uninjected 

Sox9CreER (Control and Trp53WT) or Sox9CreER;KrasLSL-G12D;Trp53flox/flox;R26RYFP 

(Trp53flox) mice were used as controls for the KrasLSL-G12D and Trp53 PCRs. (C) 

Immunohistochemistry for p53 on Duct:KPcKO and Acinar:KPcKO tumors (n=4 each 

genotype) indicates that p53 is absent in the tumor epithelium. Arrowheads indicate p53 

positive cells within the stroma. Scale bars: 200 µm (A), 50 µm  (C). 

 

Figure S3. Tumors in Duct:KPcKO and Acinar:KPcKO mice contain areas with 

distinct differentiation grades. Representative images of hematoxylin and eosin (A) or 

Movat pentachrome stained (B-C) tumor areas of different grades from Duct:KPcKO and 

Acinar:KPcKO mice. The predominant tumor morphology observed was moderate to poor 

differentiation. Boxes in (B) are magnified in (C). Scale bars: 50 µm (A) and 100 µm  (B-

C). 

 



Figure S4. Tumors in Duct:KPcKO and Acinar:KPcKO mice are similar in size, 

number, and location. (A) Quantification of the number of tumors present per 

Duct:KPcKO and Acinar:KPcKO mouse at their humane endpoint (mean number: 6.0 ± 0.8 

vs. 5.1 ± 0.5, respectively; p = 0.588). (B) Quantification of the largest cross-sectional 

diameter for each tumor found in Duct:KPcKO and Acinar:KPcKO mice (mean diameter: 

3.8 ± 0.5 mm vs 4.5 ± 0.8 mm, respectively; p = 0.63). (C) Radar diagram indicating the 

percentage of all tumors found in the pancreatic head, tail, or body for the Duct:KPcKO 

and Acinar:KPcKO mice at their humane endpoint. The black line indicates the expected 

distribution if tumors were randomly initiated in the head, tail and body. Gray triangles 

indicate the increasing percentage value of the radar graph, similar to the Y-axis of 

standard bar graphs. Similar to human tumors, tumors in Duct:KPcKO and Acinar:KPcKO 

mice are biased to pancreatic head. All values shown as mean ± SEM. 

 

Figure S5. Quantification of tumor initiation in Duct:KPcKO and Acinar:KPcKO mice. 

Representative whole section images of H&E stained pancreata from (A) Duct:KPcKO 

and (B) Acinar:KPcKO mice at the indicated time points post tamoxifen injection. 

Arrowheads indicate the location of tumors. Examples of microscopic PDAC 

“microtumor” from early timepoints are shown in (C) and (D) from both the Duct:KPcKO 

and Acinar:KPcKO mouse models (tumors labeled in (A) and (B) with yellow and orange 

arrowheads, respectively, match those indicated in (C) and (D)). Scale: 5 mm (A-B) and 

100 µm (C-D). 

 



Figure S6. Low- and high-grade mPanIN can form in Acinar:KPcKO mice in the 

absence of p53. (A-B) Immunohistochemistry staining for p53 in high- and low-grade 

mPanIN from Duct:KPcKO and Acinar:KPcKO mice. Cells within the stroma and nearby 

acinar cells were occasionally p53 positive and served as an internal positive control. A) 

High-grade mPanIN3 were predominantly p53 negative in Duct:KPcKO and Acinar:KPcKO 

mice. B) p53 positive cells were observed in some, but not all, mPanIN1 and mPanIN2 

in Acinar:KPcKO mice. (C) Quantification of the percent of abnormal pancreatic area, 

which included areas occupied by tumor, mPanIN, and/or ductal metaplasia, in 

Duct:KPcKO (10.6% ± 4.5%) and Acinar:KPcKO (29.6% ± 9.4%, p=	0.1) mice at humane 

endpoint. All values shown as mean ± SEM. (D) Immunohistochemical staining of 

cleaved caspase 3 in mPanIN3 found in Duct:KPcKO and Acinar:KPcKO mice. Scale: 50 

µm (A-B), 100 µm (D). 
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SUPPLEMENTAL MATERIALS AND METHODS 

Mice 

Sox9CreER,1,2 KrasLSL-G12D,3 Trp53flox,4 R26RYFP,5 and Ptf1aCreER,6 mice have previously 

been described. Mice were maintained on a mixed C57BL6/CD1 background. PCR 

primers used to genotype animals or confirm Cre-mediated recombination are described 

in Table S1. Humane endpoint for the survival analysis was defined by one of the 

following: presence of jaundice, loss of 20% of the maximum animal body weight, 

and/or severely reduced activity level. Sox9CreER;KrasLSL-G12D;Trp53flox/flox;R26RYFP 

mice occasionally developed eye irritation or difficulty breathing and required 

euthanasia; these animals were censored from the disease specific survival study 

(Figure 1C). 

 

Histological and Morphological Analysis 

Pancreata were fixed overnight using Z-FIX (Anatech Ltd.) or 4% paraformaldehyde, 

then embedded in paraffin. Paraffin-embedded tissues were cut into 5 or 7 µm-thick 

sections. Serial sections were collected until the pancreas displayed maximal cross-

sectional area (approximately 60-120 sections). Every 10th section was stained with 

hematoxylin and eosin and the histological features were annotated. For annotation of 

tumor number, size and location, one or more representative stained slides were 

selected to maximize the pancreatic area and imaged with a 20x objective using an 

Aperio CS2 (Leica), AxioScan (Zeiss), or Pannoramic MIDI (3DHISTECH) slide scanner. 

The whole slide images displayed in figures were compiled by placing the image on a 
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similarly colored background for presentation purposes and slide artifacts were removed 

(eg. “+” symbols from charged slides). 

Histological and morphometric analyses were conducted by A.L. and J.L.K. 

independently and verified by D.F.S. (gastrointestinal pathologist). All data were plotted 

in Graphpad Prism, unless otherwise specified. Large tumor masses were annotated as 

separate tumors if they were clearly separated by a well-defined stromal border with no 

evidence of tumor epithelial cells in the intervening stroma. Physical characteristics of 

the pancreata/tumors were assessed in the following ways: 1) tumor size 

measurements were determined using the digital ruler tool in Aperio ImageScope. The 

cross-sectional diameter, in millimetres, of the tumors was measured between the two 

most distant edges of a neoplasm. 2) Pancreata/tumor area measurements were 

determined by the selective masking of the tumor (tumor area) or all pancreatic tissue 

(total area) using Adobe Photoshop CC. The area of each was expressed as a pixel 

count for each feature and this was used to calculate the percentage area occupied by 

tumor per pancreas. 3) Tumor subsite location was assigned based on whether a tumor 

was qualitatively closer to the duodenum (head), pancreatic lymph nodes (body), or 

spleen (tail). If a sufficiently large tumor spanned one or more tumor sub-sites, the 

tumor was counted as being present in both sub-sites. This data was presented in a 

Radar diagram, which was plotted in Microsoft Excel as the percentage of tumors 

present in a particular subsite over the total tumor count from all subsites. 4) To analyze 

the type and number of precursor lesions present in each mouse model, representative 

sections were selected from each animal and every gland with a lumen was categorized 

as one of the following: normal, metaplastic or reactive, mPanIN1, mPanIN2, or 
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mPanIN3. Glands representing more than one of these categories were scored 

according to their highest-grade feature. We also looked for atypical flat lesions, but 

these lesions were not observed. To strictly quantify precancerous lesions, glandular 

structures directly adjacent to PDAC or lesions that were obviously invasive by H&E 

staining were excluded from this analysis. Lesion invasiveness was further confirmed, 

when needed, by the presence of YFP+ cells in the stroma. These invasive lesions were 

counted as “microtumors” (for examples see Figure S4A-D) during the quantification of 

the tumor number. For Ki67 and cleaved caspase analysis of PanIN3 lesions, PanIN3 

lesions were first identified by A.L, J.L.K, and D.F.S. The number of Ki67+ cells and 

total number of cells per PanIN3 lesion were quantified in both animal models. 

 

Histological, Immunohistochemical, and Immunofluorescence Staining 

Procedures 

Hematoxylin and eosin, Alcian blue, and immunohistochemical (IHC) staining were 

preformed using standard methods.7 Russel-Movat pentachrome staining was adapted 

from https://pathcore.research.chop.edu/docs/MovatPentachromeStain.pdf. Briefly, for 

IHC, sections were deparaffinised with xylene and antigens were unmasked using 

citrate buffer based, pH 6.0, heat induced epitope retrieval. Peroxidase activity was 

quenched using 0.6% H2O2 in Tris buffered saline (TBS), pH 7.6, at room temperature 

for 15 minutes, followed by a blocking and permeabilization step with 1% BSA and 10% 

NDS in 0.025% Triton-X100, TBS, pH 7.6. Sections were incubated overnight at 4˚C 

with primary antibodies. Secondary antibodies were incubated at room temperature for 

1-2 hours before changing to VECTASTAIN Elite Avidin-biotin complex (ABC, Vector 
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Labs) incubation at room temperature for 2-5 hours. 3-3’-Diaminobenzidine 

tetrahydrochloride (DAB) was used as the chromogen for development. Slides were 

counter stained with Mayer’s hematoxylin (Fisher) and mounted with Cytoseal (Fisher). 

For primary antibodies raised in mouse, an additional blocking step with Mouse on 

Mouse blocking reagent (Vector) was performed prior to blocking and permeabilization. 

Whole slide images of Alcian blue or IHC staining were taken, as above, and analyzed 

by selectively masking the positive area or total tumor area and calculating the percent 

positive tumor area. 

Recombination efficiency in the acinar and ductal cell compartments was 

quantified using immunofluorescence. Briefly, tissues were fixed overnight in 4% 

paraformaldehyde and then embedded in OCT (Tissue Tek) and cut into 10 µm sections. 

Tissues from Sox9CreER;Trp53flox/flox;R26RYFP and Ptf1aCreER;Trp53flox/flox;R26RYFP mice 

(with and without the KrasLSL-G12D allele) were stained and quantified as previously 

described.8,9 

 

Antibodies and Reagents 

The following primary antibodies were used to detect: Cytokeratin 19 (rabbit, Abcam 

Ab133492, 1:1000), GFP (rat, C. Kioussi, 1:1000 or goat, Abcam Ab6673, 1:200), Sox9 

(rabbit, Chemicon, 1:3000 or guinea pig, NovoNordisk, 1:1000), Cpa1 (goat, R&D 

Systems, 1:1000), Hnf1b (rabbit, Sigma HPA002083, 1:1000), Cytokeratin 20 (rabbit, 

Sigma HPA027236, 1:100), p53 (mouse, Cell Signaling Technologies 1C12, 1:500), 

Ki67 (rabbit, Thermo Fisher SP6, 1:200), and cleaved caspase 3 (rabbit, Cell Signaling 
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Technologies 5A1E, 1:1000), and Mucin 5AC (mouse, Fisher, 1:200). The secondary 

antibodies used include: biotin-conjugated horse anti-goat (Vector BA-9500, 1:500), 

biotin-conjugated donkey anti-rabbit or anti-mouse (Jackson ImmunoResearch 

Laboratories 711-065-152 and 715-065-150, respectively, 1:500), Cy3-conjugated 

donkey anti-goat, Alexa488-conjugated donkey anti-goat and donkey anti-rat, and Cy5-

conjugated donkey anti-guinea pig (Jackson ImmunoResearch Laboratories). 
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Table S1. PCR Primers used in the study. 

 

	 	

Mouse allele Primer 
Name Sequence (5’-3’) Product 

CreER Cre347 

Cre349 

CCTGGAAAATGCTTCTGTCCG 

CAGGGTGTTATAAGCAATCCC 

Amplifies a ~400 
bp band. 

KrasLSL-G12D Kras1 

Kras2 

CTAGCCACCATGGCTTGAGT 

TCCGAATTCAGTGACTACAGATG 

Amplifies a ~350 
bp band. 

Trp53flox  p53Int1F 

p53Int1R 

CACAAAAAACAGGTTAAACCCAG 

AGCACATAGGAGGCAGAGAC 

Amplifies a ~370 
bp mutant and 
288bp wildtype 
band. 

R26RYFP  R26R-fw 

R26R-rv 

WT-rv 

AAAGTCGCTCTGAGTTGTTAT 

AAGACCGCGAAGAGTTTGTC 

GGAGCGGGAGAAATGGATATG 

Amplifies a ~320 
bp mutant and 
~600bp wildtype 
band. 

Recombined 
KrasLSL-G12D 

Web1 

Web2 

GTCTTTCCCCAGCACAGTGC 

CTCTTGCCTACGCCACCAGCTC 

Amplifies a ~650 
bp KrasG12D and 
~620 bp wildtype 
band. 

Recombined  
Trp53flox 

p53Int1F 

p53Int10R 

CACAAAAAACAGGTTAAACCCAG 

GAAGACAGAAAAGGGGAGGG 

Amplifies a ~610 
bp recombined 
band. 
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