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Supplementary Materials and Methods 

 

Reagents and Antibodies 

AZ960 was purchased from Symansis. Neutralizing monoclonal antibody to gp130 was 

purchased from R&D Systems. For western blotting, antibodies to Phospho-STAT3 

(Tyr705), Phospho-STAT3 (Ser727), STAT3, gp130, and BCL-XL were purchased from 

Cell Signaling. Antibody to b-actin was purchased from Sigma. Antibody to GAPDH was 

purchased from Chemicon. 

 

Western Blot analysis 

Western blotting was performed using standard methods.  Cells were washed with cold 

PBS and lysed in the following lysis buffer: 20 mM Tris pH 7.4, 150 mM NaCl, 1% 

Nonidet P-40, 10% glycerol, 1 mM EDTA, 1 mM EGTA, 5 mM sodium pyrophosphate, 

50 mM NaF, 10 nM b–glycerophosphate, 1 mM sodium vanadate, 0.5 mM DTT, 4 

mg/mL leupeptin, 4 mg/mL pepstatin, 4 mg/mL aprotinin, 1 mM phenylmethylsulfonyl 

fluoride. Lysates were centrifuged at 16,000 x g for 5 min at 4°C.  Pancreatic tissues 

(100-200mg) were minced by using a homogenizer, but otherwise processed as above.  

Protein concentrations were determined by BCA assay (Thermo Scientific).  Proteins 

were resolved by SDS-PAGE and transferred to a polyvinylidene difluoride membrane 

(Hybond-P, Amersham).  Immunoblotting was performed per antibody manufacturer’s 

specifications.   

 

Determination of Viable Cell Titer 

Cells were seeded at 2,000 cells per well of a 96-well plate.  After overnight incubation, 

the cells were treated in triplicate with serial dilutions of each drug for 72h.  Viable cell 

titer relative to untreated cells was determined using Cell Titer Glo assay (Promega) 



according to the manufacturer’s protocol using and read on a Centro LB 960 microplate 

luminometer (Berthold Technologies).   

 

Annexin V Apoptosis Assays 

Cells were seeded at ~30 to 40% confluence in 6 cm plates.  After overnight incubation, 

media was aspirated and replaced with media with or without various concentrations of 

indicated drugs.  After 72h, media was collected.  Cells were washed with PBS and 

trypsinized.  PBS wash and trypsinized cells were added to the collected media in a 

single tube.  Cells were pelleted, washed once with PBS and resuspended in Annexin 

binding buffer (BD Biosciences) at ~1 x 106 cells/mL.  Cells were stained with propidium 

iodide (BD Biosciences) and Annexin V Cy5 (Biovision) according to the manufacturer’s 

protocol and assayed on a LSRII flow cytometer (BD Biosciences). 

 

Gene Expression Microarray and Copy Number Analysis 

Human PDAC cell line gene expression microarray data was obtained from the Broad 

Institute Sanger Cell Line Project (1). To identify transcripts enriched in PDAC cell lines 

with high P-STAT3 levels, gene expression data for 4 high P-STAT3 cell lines 

(MIAPACA2, KP-4, CFPAC-1, Capan-2) and 3 low P-STAT3 cell lines (BxPC3, SW1990, 

ASPC1) were analyzed.  For each probe, the average Z-score for high P-STAT3 cell 

lines was compared to that of low P-STAT3 cell lines, and genes corresponding to 

probes for which the z-score was significantly higher (p<0.01) in high P-STAT3 were 

identified.  This gene list was cross-referenced with a list of positive regulators of STAT3 

tyrosine phosphorylation identified by gene ontology search (amigo.geneontology.org) to 

identify genes existing in both datasets.  Gene expression data for human normal 

pancreas and PDAC were obtained from the Gene Expression Omnibus (GEO) 

Database (2). Coexpression of candidate transcripts with IL6ST in PDAC cell lines was 



assessed by Pearson correlation analysis.  IL6ST copy number data for PDAC cell lines 

was obtained from the Sanger Institute Cancer Genome Project SNP database (3).  

 

Cell Line Drug Screen Data Analysis 

Drug sensitivity data from over 500 solid tumor cell lines were obtained from the cell line 

repository drug screen database of the Massachusetts General Hospital Center for 

Molecular Therapeutics (4).  Correlation of drug sensitivity with IL6ST transcript level 

was performed for PDAC cell lines with available gene expression microarray data.  For 

each cell line, and average z-score of all five IL6ST probes present in the microarray 

data was correlated with the cell viability (relative to untreated control) of each cell line 

after treatment with the indicated concentrations of inhibitors. 

 

Immunofluorescence and Immunohistochemistry 

Samples were fixed in 10% formalin and embedded in paraffin.  After deparaffinization 

slides are washed with 9.83% NaCl for 3 min followed by a PBS wash and a wash in 

distilled water for 5min. Heat induced antigen retrieval was performed with pressure 

cooker (2100 Retriever, PickCell Laboratories B.V.) and R-Buffer A (pH6.0, Electron 

Microscopy Sciences).  Sections were incubated with 2% H2O2 in Methanol for 15 

minutes for endogenous peroxidase quenching, washed and blocked for non specific 

binding in 1% BSA in PBS-triton 0.3% v/v (PBST) for 1 hour.  Subsequently, sections 

were sequentially incubated with primary phospho-Stat3 (Tyr705) antibody (#9145, Cell 

Signaling) at 1:100 dilution for 1 hour, secondary peroxidase goat anti-rabbit IgG 

antibody (Vector) at 1:250 dilution for 1 hour and Tyramide Signal Amplification (TSA) 

Fluorescein System (Perkin Elmer, Cat.: NEL701A) according to kit manual. Slides were 

mounted with Vectashield mounting medium with DAPI (Vector), photographed with 

Nikon C2 Confocal Microscope system and subsequently stained with Hematoxylin and 



Eosin.  Ki67 staining was performed as previously described (5). Quantification of Ki67 

staining in ADM and PanIN was performed by scoring the nuclei of cells from each 

lesion type found in a minimum of ten high-powered fields. Quantification was performed 

on pancreata from a minimum of three animals in each experimental cohort. 

 

Cell Proliferation Assays  

PanIN-derived cells infected with shStat3(1), shStat3(2) and shControl were plated at 

4x104 cells/well, in twelve well plates and there were passaged daily in 1:2 ratio. Cells 

were counted with an automatic cell counter (Countess, Automated Cell Counter; 

Invitrogen) according to the instructions of the manufacturer. The graphs show the 

cumulative cells number upon cell passaging for the indicated period of time. 

 

Orthotopic injection and Histological characterization 

SCID mice (C3SnSmn.CB17-Prkdcscid/J, Jackson Lab) were subjected to general 

anesthesia with IP Avertin a (0.5mg/g) and subcutaneous Marcaine (0.1ml/25g mouse of 

0.025% solution) analgesia according to MGH SRAC policies. Orthotopic injections were 

performed as previously described (6). Briefly, a left lateral laparatomy was performed 

and spleen and distal pancreas were mobilized. 2x104 PanIN cells (viability >90%) were 

suspended in 50μl of Duct Media (7), mixed with 50μl of Matrigel (BD Biosciences), and 

injected into the pancreas. The abdominal incision was closed using silk suture 3/0 

(Ethicon) for the peritoneum and surgical staples for the skin. After 4 weeks mice were 

sacrificed, and whole pancreas was carefully sectioned with a surgical blade and the 

longest nodule diameter annotated. Experiments were conducted at least in triplicate for 

each condition. H&E slides were analyzed with LEICA DM1000A microscope and whole 

mount scanning performed with Nanozoomer 2.0 R-S (Hamamatsu). 

 



shRNA and Lentiviral Infections 

shRNA constructs in the pLKO.1 lentiviral vector with the following target sequences 

were used. 

Mouse: 

shSTAT3(1) (TRCN0000071454), 5’-CGACTTTGATTTCAACTACAA-3’ 

shSTAT3(2) (TRCN0000071456), 5’-CCTGAGTTGAATTATCAGCTT-3’ 

shControl 5’-GCAAGCTGACCCTGAAGTTCAT-3’. 

Human: 

shSTAT3(4) (TRCN0000020842), 5’- GCACAATCTACGAAGAATCAA-3’ 

shSTAT3(5) (TRCN0000020843), 5’- GCAAAGAATCACATGCCACTT-3’ 

shGFP 5’-GCAAGCTGACCCTGAAGTTCAT-3’  

Viral particles were made by transfection of 293T cells with a three plasmid system as 

previously described (8). Target cells were incubated with lentiviruses in the presence of 

8 mg/mL polybrene. The following morning, lentivirus-containing media was replaced 

with fresh media. Two days after infection, puromycin (2 mg/mL) was added for 3 days 

to eliminate uninfected cells. 

  

Determination of IC50 and statistical analysis 

Statistical analyses were performed using a two-tailed student’s t-test (Figs. 1B, 1D, 2A, 

4B-C, 5B-C, S1B) or ANOVA with Bonferroni’s post-test (Figs. 2D, 6B-C).  R2 and p 

values determined by linear regression analysis were made using GraphPad Prism 

software (Figs. 2B, S3).  IC50 values were calculated using GraphPad Prism software. 
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Supplemental Figure Legends 

 

Fig. S1: Increased sensitivity of PDAC cell lines with high P-STAT3 to AZ960.  A, 

Individual IC50 values for AZ960 in PDAC cell lines from Fig. 1B.  Cell lines were 

cultured in increasing concentrations of AZ960 for 72h.  Viable cell titer was determined, 

and IC50s were calculated as in Materials and Methods.  B, left, individual cell viability 

determinations after 72h treatment with 3μM AZ960 for PDAC cell lines from Fig. 1B 

obtained from a large cell line repository screen.  Values are shown relative to untreated 

control.  Error bars represent SD.  Right, comparison cell viability measurements after 

treatment with 3μM AZ960 in PDAC cell lines with high vs. low P-STAT3 levels.  Bar 

represents the mean for each group.  P-value is shown. 

 

Fig. S2: IL6ST is a positive regulator of STAT3 tyrosine phosphorylation with 

increased transcript levels in PDAC cell lines with high P-STAT3 levels.  The 

individual genes (as in Fig. 2A) identified as positive regulators of STAT3 tyrosine 

phosphorylation by gene ontology search (left, red) and the individual transcripts fount to 

be enriched in PDAC cell lines with high P-STAT3 levels (blue, right) are shown.  IL6ST 

(highlighted in yellow) was the only gene identified in both gene sets. 

 

Fig. S3: IL6ST transcript level does not correlate with sensitivity of PDAC to 

inhibitors of EGFR, MEK1/2, and IGF1R.  IL6ST transcript level z-score for PDAC cell 

lines was correlated with drug sensitivity data to various inhibitors (as in Fig. 2B) from a 

large cell line repository drug screen of >500 solid tumor cell lines.  Each inhibitor, the 

concentration tested, the P value, and r2 value are shown. 

 



Fig. S4: Potential mechanisms of IL6ST/gp130 upregulation in PDAC cell lines.  A, 

IL6ST transcript level does not correlate with IL6ST gene copy number.  IL6ST copy 

number of PDAC cell lines as determined by SNP analysis compared with IL6ST 

transcript expression (z-SCORE).  No focal amplification of IL6ST was observed.  B, 

STAT3 knockdown does not markedly affect gp130 levels. P-STAT3 high PDAC cell 

lines MIAPACA2 and KP-4 were infected with shGFP or shRNA targeted against STAT3.  

After puromycin selection, cells were placed in media with 5% FBS for 24h prior to lysis.  

Lysates were probed with the indicated antibodies. C, Potential regulators of 

IL6ST/gp130 expression.  The 100 transcript probes showing the highest degree of 

coexpression with IL6ST as determined by Pearson correlation in a panel of PDAC cell 

lines. 

 

Fig. S5: Lack of STAT3 protein expression in the pancreas of Pdx1-Cre; STAT3L/L 

mice.  A, Whole pancreas was isolated from 6 week old mice of the indicated 

genotypes.  PDAC tissue was obtained from Pdx1-Cre; LSL-KRASG12D; p53+/- mice.  

Lysates were probed with the indicated antibodies. B, Pancreata from 12 week old Pdx1-

Cre; LSL-KRASG12D; STAT3lox/+ (STAT3 L/+) or Pdx1-Cre; LSL-KRASG12D; STAT3lox/lox 

(STAT3 L/L) mice were analyzed for the presence of P-STAT3 (green) by 

immunofluorescence with DAPI nuclear counterstain (blue).  Nuclear P-STAT3 staining 

is absent from ADM (arrowheads) or PanIN (arrows) lesions that arise in the absence of 

STAT3 (STAT3 L/L), while P-STAT3 staining is still detected in the surrounding stroma.  

By contrast, in STAT3 L/+ mice, P-STAT3 staining is detected in ADM and PanIN, as 

well as in the surrounding stroma  

 


