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SUPPLEMENTARY MATERIALS AND METHODS 1 

Immunohistochemistry (IHC). Formalin-fixed paraffin-embedded PaCa tissue micro-arrays 2 

(US Biomax, Rockville, MD) were stained with monoclonal pS916-PKD1/2 antibody 3 

(Epitomics, Burlingame, CA) at 1:10 dilution for overnight at 40C as previously described (17). 4 

This monoclonal antibody specifically recognizes activated PKD1/2. 5 

FACE assay. The Fast Activated Cell-based Elisa (FACE) assay (Active motif, Rixensart, 6 

Belgium) was used to measure effects of CRT0066101 on pS916-PKD1/2 expression in vitro. 7 

Briefly, cells were seeded in 96 well plates, serum-starved overnight and treated with 10 8 

concentrations of compound in quadruplicate wells for 30 min. 200 nM PDBu was added for 10 9 

min, before the cells were fixed in 4% paraformaldehyde for 20 min, then washed in 0.1% 10 

Triton-X in PBS. Quench buffer (1% H2O2 in 0.1% Triton-X in PBS) was added to the cells for 11 

20 min prior to 3 washes, before the cells were incubated with pS916-PKD1/2 antibody (1:1000; 12 

Cell Signaling Technology, Danvers, MA) in Quench buffer at 4oC overnight. Following 3 13 

washes, the cells were incubated for 1 h with a goat anti-rabbit HRP-conjugated secondary 14 

antibody (1:2000; Perbio Science, Cramlington, UK) in 0.1% Triton-X in PBS. An HRP 15 

substrate was added to the cells after washing, until a blue color developed. An equal volume of 16 

1M H2SO4 was added and the absorbance at 450 nm determined on a Multiscan Ascent plate 17 

reader. To confirm that equal cell numbers between wells were used, a crystal violet solution was 18 

added and the absorbance at 595 nm was determined.  19 

Biochemical IC50 determination and specificity. Specificity of CRT0066101 was 20 

performed by in vitro kinase assays using a commercial kinase profiling service (Millipore UK 21 

Ltd, Herts, UK). The IC50 of CRT0066101 on PKD1-3 was determined in vitro using IMAP 22 

(Immobilized metal ion affinity-based fluorescence polarization; MDS Analytical Technologies 23 
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Ltd, Berks, UK). Briefly, 1 nM recombinant active PKD1-3 (in 20% v/v glycerol and 1 x assay 1 

buffer; 25 mM Hepes pH 7.5, 2 mM MgCl2) was mixed with 200 nM substrate (recombinant 2 

MAKAPK2, from MDS Analytical Technologies Ltd) and CRT0066101 (1.2 µM to 0.1 nM) in a 3 

total volume of 5 µl in 1 x assay buffer. After addition of ATP (10 µM in assay buffer), the 4 

mixture is incubated for 1 h at room temperature followed by the addition of 20 µl IMAP binding 5 

solution (MDS Analytical Technologies Ltd) and a further 2 h room temperature incubation in 6 

the dark. The fluorescence was then read on an Analyst HT plate reader (MDS Analytical 7 

Technologies Ltd). 8 

BrdU incorporation assay. Cell proliferation was measured using BrdU proliferation kits 9 

(Thermo Scientific Cellomics Europe, Reading, UK) in accordance with manufacturer’s 10 

instructions. Briefly, cells were seeded in 96 well Biocoat plates (BD Biosciences, Oxford, UK) 11 

for 24 h, washed and serum starved for 2 days in serum free media. Cells were incubated with 12 

drug compounds at a range of concentrations for 1 h and stimulated with 20% fetal calf serum 13 

(PAA) at 37oC/5% CO2. Basal proliferation was measured by leaving cells unstimulated. After 14 

23 h stimulation, 40 µM BrdU was added for 1 h. At this time, cell media was removed; cells 15 

were fixed with 3.7% formaldehyde for 15 min, and then washed, permeabilized, and blocked. 16 

Cells were then incubated with the BrdU antibody solution for 1 h at 37oC, washed, and 17 

incubated for 30 min with the secondary antibody solution, including a goat anti-mouse IgG and 18 

DAPI solution. After a final wash, the cells were analyzed using the target activation program on 19 

an ArrayScan (Thermo Scientific Cellomics Europe, Reading, UK), which measured the 20 

percentage of viable cells, as indicated by the DAPI stain, that incorporated BrdU into their DNA 21 

(a measure of progression through the S-phase of the cell cycle). 22 

Apoptosis assay. Panc-1 cells (104 cells/well) were seeded overnight; serum starved for 6 h 23 
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and treated with CRT0066101 for 1 h. Preparation of cell lysates and use of the multiplex 1 

apoptosis panel kit was as described in the manufacturer’s instructions. The Meso Scale 2 

Discovery (MSD) and the Multiplex Apoptosis Panel kit were used to determine levels of 3 

cleaved caspase-3 (MSD, Gaithersburg, Maryland). 4 

Cell viability assay. Cell viability was measured using the CellTiter Aqueous One Solution 5 

Cell Proliferation Assay kit (Promega, Madison, WI) as described previously (17). Briefly, 6 

CRT0066101 (5 µM) treated or untreated 5 x 103 PaCa cells (growing in 10% FBS) were 7 

incubated with the reaction solution for 24 h and 48 h, respectively at 37°C. The absorption at 8 

490 nm was measured using a microplate reader. The results are presented as fold change over 9 

untreated controls at 24 h. Multiple comparisons were performed by one-way ANOVA followed 10 

by the SNK test with * p< 0.01. 11 

Electrophoretic mobility shift assay. To determine activation of NF-κB, electrophoretic 12 

mobility shift assay (EMSA) was performed as described previously (18). In brief, nuclear 13 

extracts (NE) from Panc-1 cells 23 h after either transfection with control (Panc-1) or PKD1 14 

over-expressing vectors (Panc-1-PKD1) prior to 1 h treatment with DMSO (-) or 5 µM 15 

CRT0066101 were incubated with a 32P-end-labeled, 45-mer double-stranded NF-κB 16 

oligonucleotide (15 µg of protein with 16 fmol DNA) from the HIV long terminal repeat 5'-17 

TGTTACAAGGGACTTTCCGCTGGGGACTTTCCAGGGAGGCGTGG-3' (NF-κB binding 18 

sites are underlined) for 30 min at 37°C. The DNA-protein complex that formed was separated 19 

from the free oligonucleotide on 6.6% native polyacrylamide gels. The gels were dried, 20 

visualized, and the radioactive bands were quantitated using a PhosphorImager (GE Healthcare, 21 

Waukesha, WI) with the ImageQuant software program (GE Healthcare). Nuclear extract from 22 

KBM-5 cells stimulated with TNF-α was used as positive control (p.c.). Results in the bottom of 23 
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EMSA are expressed as fold activity of the untreated control (Panc-1 cells transfected with mock 1 

vector). 2 

NF-κB-luciferase reporter assay. 1x105 Panc-1 cells were plated in 24-well plates 16 h 3 

prior to transfection. A total of 0.76 μg of pGL3-Luc-NF-κB or pGL3-Luc DNA was then co-4 

transfected with 0.4 μg of Renilla luciferase vector DNA (internal control, Promega, Madison, 5 

WI) into Panc-1 cells using lipofectamine 2000 according to the manufacturer’s instruction 6 

(Invitrogen, Carlsbad, CA). At the same time, pcDNA3.1 or pcDNA3.1-PKD2 DNA was co-7 

transfected to determine the effects of PKD2 over-expression on NF-κB activity. Twenty four 8 

hours after transfection, cells were treated with CRT0066101 for 6 h. Thereafter, cells were 9 

harvested with 100 μl of Passive Lysis Buffer (Promega). In another set of experiments, cells 10 

were treated with CRT0066101 for 1 h prior to stimulation with TNF-α (1 nM) for 6 h and 24 h 11 

respectively. Five microliters of cell lysate was then used for luciferase activity assay using 12 

Dual-luciferase® Reporter Assay System (Promega) following manufacturer's instruction. 13 

Luminescence values were normalized with Renilla activity and the reporter assay was 14 

performed in triplicate. 15 

Maximum Tolerated Dose (MTD) assay. Prior to examining the efficacy of the PKD 16 

inhibitor, CRT0066101, the maximum tolerated dose (MTD) of the drug was established in CR-17 

UK nu/nu mice and determined to be 80 mg/kg/day. 18 

Animals. Male athymic nu/nu mice (4 weeks old) and CD-1 mice were obtained from the 19 

breeding colony of the Department of Experimental Radiation Oncology at UTMDACC or from 20 

Cancer Research Technology, UK (CRUK). The animals were housed four per cage in the 21 

standard mice plexiglass cages in a room maintained at constant temperature and humidity under 22 

12-h light and darkness cycle and fed with regular autoclave chow diet with water ad libitum. 23 
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None of the mice exhibited any lesions, and all were tested pathogen-free. Before initiating the 1 

experiment, we acclimatized all mice to a pulverized diet for 3 days. Our experimental protocol 2 

was reviewed and approved by the Institutional Animal Care and Use Committee at UTMDACC. 3 

The pharmacokinetic experiments in a heterotopic PaCa model were conducted in accordance 4 

with the United Kingdom Animals (Scientific Procedures) Act 1996 and local ethical approval.  5 

Heterotopic (subcutaneous) pancreatic cancer model. Panc-1 PaCa cells were harvested 6 

from cultures after a brief exposure to 0.25% trypsin-versene. Trypsinization was stopped with 7 

medium containing 10% FBS. The cells were washed once in serum-free medium and 8 

resuspended in PBS. CRUK nu/nu mice were inoculated subcutaneously into the left and right 9 

flanks with 5 x 106 cells in 100 µL PBS. Tumors were allowed to grow until such time they 10 

reached their optimal size for treatment as measured by calipers. 11 

Determination of mouse pharmacokinetics and efficacy of CRT0066101 in a heterotopic 12 

pancreatic cancer model. CD-1 mice were administered with daily oral dose of 80 mg/kg 13 

CRT0066101 for 5 days and blood removed by cardiac puncture under terminal anesthesia for 14 

measurement of plasma concentration. For the heterotopic xenograft model, CRUK nu/nu mice 15 

were subcutaneously injected with 5 x 106 Panc-1 cells. Nineteen days after implantation of 16 

Panc-1 cells, tumor areas were, on average 0.3 cm2 and were randomized into the following 17 

groups (n = 8 mice per group): (a) vehicle (control ) 5% dextrose administered by oral gavage 18 

once daily and (b) 80 mg/kg CRT0066101 dissolved in 5% dextrose administered by oral gavage 19 

once daily. Tumors were measured in 2 dimensions every 2-3 days by calipers and area was 20 

calculated by multiplying length by width. Therapy was given until tumors reached their 21 

designated size limits (1.44 cm2) or until day 24 in CRT0066101 treated group. Final tumor areas 22 

were compared among groups using a Student's t test and Fisher’s exact test with p < 0.05. 23 
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Measurement of active PKD (pS916-PKD1/2) in heterotopic tumor explants. CRUK 1 

nu/nu mice were inoculated with 5 x 106 cells per flank and left to grow until the tumors reached 2 

about 0.3 cm2 in size. Mice were then randomized into 2 groups (n = 4 mice per group) to be 3 

treated with the following: (a) CRT0066101 80mg/kg once daily by oral gavage and (b) vehicle 4 

5% dextrose once daily by oral gavage. Therapy was continued for 5 days and animals sacrificed 5 

at 0, 2, 6, and 24 h after the last treatment. Tumors were excised, snap frozen in liquid nitrogen, 6 

and stored at -80°C. Frozen tumors were homogenized in 0.1g tumor per 1 ml PBS/TDS buffer 7 

(10% 10X phosphate buffered saline, 1% TritonX-100, 5% w/v sodium deoxycholate, 2% w/v 8 

sodium dodecylsulphate, mammalian protease inhibitor cocktail), centrifuged at 9.6 g, and 9 

supernatant removed for protein analysis by BCA assay. 20 µg of protein per sample was 10 

analyzed by western blot using pS916-PKD1/2 antibody (Cell Signaling Technology, Danvers, 11 

MA). 12 

Measurement of CRT0066101 in heterotopic tumor tissues and plasma. Drug 13 

accumulation was measured in both plasma and tumor samples (n = 4 mice per group). Tumors 14 

were homogenized in ice-cold PBS using Ultra Turrax T25 and T8 homogenizers at a 15 

concentration of 100 mg/ml. Plasma and tumor homogenates were filtered under vacuum using 16 

Isolute PPT+ protein precipitation plates with a 1:3 (plasma : acetonitrile + 4% acetic acid v/v) 17 

mix. Quantitative analysis of plasma and tumor samples was carried out using a Waters Quattro 18 

micro triple quad LCMS system with a Phenomenex Gemini-NX C18 3micron particle size 30x2 19 

mm column and a 5 min run time per sample. Drug levels were quantitated against a calibration 20 

curve with 10 standards ranging from 0 to 5000 ng/ml. Three quality controls were included at 21 

10, 100 and 1000 ng/ml. The limit of quantitation was 1 ng/ml. 22 

Orthotopic pancreatic cancer model. Panc-1 PaCa cells were stably transduced with 23 
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luciferase as previously described (19). Luciferase-transfected cells were harvested from 1 

subconfluent cultures after a brief exposure to 0.25% trypsin and 0.2% EDTA. Trypsinization 2 

was stopped with medium containing 10% FBS. The cells were washed once in serum-free 3 

medium and resuspended in PBS. Only suspensions consisting of single cells, with >90% 4 

viability, were used for the injections. Mice were anesthetized with ketamine-xylazine solution, a 5 

small left abdominal flank incision was made, and cells (2 x 105) in 50 µL PBS were injected into 6 

the subcapsular region of the pancreas using a 27-gauge needle and a calibrated push button–7 

controlled dispensing device (Hamilton Syringe Co., Reno, NV). To prevent leakage, a cotton 8 

swab was held cautiously for 1 min over the site of injection. The abdominal wound was closed 9 

in one layer with wound clips (Braintree Scientific, Inc., Braintree, MA). The experiments 10 

performed in the orthotopic PaCa model were in accordance with MDACC IACUC guidelines. 11 

Experimental protocol for orthotopic pancreatic cancer model and bioluminescence 12 

imaging. One week after implantation of Panc-1 cells, mice were randomized into the following 13 

groups (n = 7 mice per group) based on the bioluminescence measured after the first IVIS 14 

imaging: (a) untreated control (vehicle; 5% dextrose orally) and (b) CRT0066101 (80 mg/kg 15 

dissolved in 5% dextrose) given orally (by gavage) once daily. Tumor volumes were monitored 16 

weekly by the bioluminescence IVIS Imaging System 200 using a cryogenically cooled imaging 17 

system coupled to a data acquisition computer running Living Image software (Xenogen 18 

Corporation, Alameda, CA). Before imaging, animals were anesthetized in an acrylic chamber 19 

with 2.5% isoflurane/air mixture and injected intraperitoneally (i.p.) with 40 mg/mL D-luciferin 20 

potassium salt in PBS at a dose of 150 mg/kg body weight. After 10 min of incubation with 21 

luciferin, mice were placed in a right lateral decubitus position and a digital grayscale animal 22 

image was acquired followed by acquisition and overlay of a pseudocolor image representing the 23 
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spatial distribution of detected photons emerging from active luciferase within the animal. Signal 1 

intensity was quantified as the sum of all detected photons within the region of interest per 2 

second. Mice were imaged on days 7, 18, 25, and 33 after Panc-1 implantation. Therapy was 3 

given for 3 weeks and animals were sacrificed on day 35 after tumor implantation. Primary 4 

tumors in the pancreas were excised and the final tumor volume was measured as V = 2/3πr3, 5 

where r is the mean of the three dimensions (length, width, and depth). The final tumor volumes 6 

(x 10 mm3) were initially subjected to one-way ANOVA and then later compared among groups 7 

using unpaired Student's t test. Half of the tumor tissue was fixed with formalin and paraffin 8 

embedded (FFPE) for immunohistochemistry and routine H&E staining. The other half was snap 9 

frozen in liquid nitrogen and stored at –80°C. H&E staining confirmed the presence of tumor in 10 

each pancreas.  11 

Western blots. Pancreatic tumor tissues (75–100 mg/mouse; n = 2 per group) from control 12 

and experimental mice were minced and incubated on ice for 30 min in 0.5 mL of ice-cold 13 

whole-cell lysis buffer (10% NP40, 5 mol/L NaCl, 1 mol/L HEPES, 0.1 mol/L EGTA, 0.5 mol/L 14 

EDTA, 0.1 mol/L PMSF, 0.2 mol/L sodium orthovanadate, 1 mol/L NaF, 2 µg/mL aprotinin, 2 15 

µg/mL leupeptin). The minced tissue was homogenized using a Dounce homogenizer and 16 

centrifuged at 16,000 x g at 4°C for 10 min. Similarly, whole-cell lysates were prepared from 17 

indicated PaCa and HPDE cell lines using ice-cold lysis buffer as mentioned. Whole-cell lysates 18 

or cytoplasmic extracts (CE) after obtaining nuclear extracts for EMSA were prepared from 19 

Panc-1 cells 24 h after transfection with either control (Panc-1) or PKD1 over-expressing vectors 20 

(Panc-1-PKD1) using ice-cold whole-cell lysis buffer as before or as mentioned previously (18). 21 

The proteins were then fractionated by SDS-PAGE, electrotransferred to nitrocellulose 22 

membranes, blotted with each antibody, and detected by enhanced chemiluminescence 23 
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(Amersham Pharmacia Biotech, Piscataway, NJ).  1 

Ki-67 analysis. FFPE sections (5 μm) were stained with Ki-67 (rabbit monoclonal clone 2 

SP6, NeoMarkers, Fremont, CA) antibody (15). Results were expressed as percent of Ki-67+ 3 

cells ± SE per 200X magnification. A total of 10 HPFs were examined and counted from each 4 

treatment groups (n = 7 per group). The values were compared both using unpaired Student’s t-5 

test and Fisher’s exact test with p < 0.05. 6 

In situ terminal deoxynucleotidyl transferase–mediated nick end labeling (TUNEL) 7 

assay. Cryostat sections (5 μm) were fixed in 4% paraformaldehyde (in PBS, pH 7.4), and in situ 8 

terminal deoxynucleotidyl transferase–mediated nick end labeling (TUNEL) assay (Roche 9 

Diagnostics, Germany) was done as per the manufacturer’s instructions described previously 10 

(15). A total of 5 HPFs (400x) were examined and counted for TUNEL+ and total number of 11 

cells from each treatment groups (n = 7 per group). Results were expressed as the percent of 12 

TUNEL+ cells ± SE per 400X magnification (HPF). The values were compared both using 13 

unpaired Student’s t-test and Fisher’s exact test with p < 0.05. 14 

Microvessel density. Cryostat sections (5 μm) were stained with rat anti-mouse CD31 15 

monoclonal antibody (BD Biosciences, San Jose, CA). Areas of greatest vessel density were then 16 

examined under higher magnification (200x) and counted (15). Results were expressed as the 17 

mean number of vessels ± SE per high power field (HPF). A total of 10 HPFs were examined 18 

and counted from each treatment groups (n = 7 per group). The values were compared both using 19 

unpaired Student’s t-test and Fisher’s exact test with p < 0.05. 20 


