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Supplemental Table 1 
 
 
The primers used were:  
 
β-actin: 5'-TGGAATCCTGTGGCATCCATGAAAC-3' and 5'-TAAAACGCAGCTCAGTAACAGTCCG-3' 

ang1: 5'-GCAAAGGCTGATAAGGTTATGA-3' and 5'-AGCTACCAACAACAACAGCA-3' 

ang2: 5'-TGGGATTTGGTAACCCTTCA-3' and 5'-GTAAGCCTCATTCCCTTCCC-3' 

axl: 5'-ATGGCCGACATTGCCAGTG-3' and 5'-CGGTAGTAATCCCCGTTGTAGA-3' 

c-met: 5'-GTGAACATGAAGTATCAGCTCCC-3' and 5'-TGTAGTTTGCTCCGAGAT-3' 

fgf2: 5'-CGAATGAAGACCACGACCAAGAAG-3' and 5'-GGAGTTCATGGAGGAGCTGGA-3' 

gas6: 5'-TGCTGGCTTCCGAGTCTTC-3' and 5'-CGGGGTCGTTCTCGAACAC-3' 

hgf: 5'-ATGTGGGGGACCAAACTTCTG-3' and 5'-GGATGGCGACATGAAGCAG-3' 

igfr: 5'-GTGGGGGCTCGTGTTTCTC-3' and 5'-GATCACCGTGCAGTTTTCCA-3' 

mer: 5'-CTCGGGGCACATCATTCAATC-3' and 5'-GAAGTACGACCCATTGTCTGAG-3' 

ret: 5'-GCATGTCAGACCCGAACTGG-3' and 5'-CGCTGAGGGTGAAACCATCC -3' 

ron: 5'-CCTCTGCCGCTGCTTCAAT-3' and 5'-GCTGCGTAGGGTATTCGTGG-3' 

sky: 5'-GCCTCCAAATTGCCCGTCA-3' and 5'-CCAGCACTGGTACATGAGATCA-3' 

tgf-β: 5'-CTCCCGTGGCTTCTAGTGC-3' and 5'-GCCTTAGTTTGGACAGGATCTG-3’ 

 
 
 





















Sennino et al. Supplement, Cancer Discovery 2(3), 2012 

-1- 

Supplemental Methods 
 
Mouse tumor models 
 RIP-Tag2 mice in our colony have a median lifespan of 15 weeks.  About a third of the 
mice die before 14 weeks of age.  RIP-Tag2 mice in other colonies have been reported to have 
a median life of 13.5 weeks (2).  Of the 364 RIP-Tag2 mice bred for the studies reported, two-
thirds (243 mice) reached 14 weeks of age.  Of the mice treated with vehicle in multiple trials 
beginning at age 14 weeks, 33-42% survived until age 17 weeks.  The survivors at age 17 
weeks served as age-matched controls for those treated in other ways.  
 
 Human Panc-1 tumor cells obtained from American Type Cell Culture (ATCC) were 
grown in Dulbecco's Modified Eagle Medium (DMEM) supplemented with 10% fetal calf serum 
and Gentamicin.  To visualize pancreatic tumors in vivo, a stable Panc-1 cell line 
overexpressing luciferase was established.  The firefly luciferase gene from pGL3 was cloned 
into pcDNA3 downstream of the CMV promoter and transfected into Panc-1 cells using the 
FuGENE 6 transfection reagent (Roche).  The transfectants were selected under G418 for 
stable expression and used for in vivo injections, which consisted of 5x105 luciferase expressing 
Panc-1 tumor cells per mouse.  After the cells were implanted in the pancreas of nude mice 
(Nu/Nu mice, Charles River), tumor growth was monitored by bioluminescence imaging once a 
week before treatment and twice a week during treatment.  

 
Bioluminescence imaging 
 Bioluminescence imaging was performed using the IVIS™ Spectrum imaging system 
from Caliper.  Mice were injected subcutaneously with substrate D-luciferin (150 mg/kg) in 
Dulbecco’s phosphate buffered saline (Goldbio.com, Gold Biotechnology) and were 
anesthetized 10 minutes later (4% isoflurane in oxygen for induction, 2% for maintenance).  One 
to five mice were then placed on the warmed stage inside the light-tight camera box with 
continuous exposure to 1–2% isoflurane and imaged for 2 minutes.  Light emitted from 
bioluminescent cells was detected by the IVIS™ camera system.  Tumor burden was quantified 
in images from measurements of total light intensity within a log-scale color range set at 5x104 
to 1x107 photons per second using LivingImage software.   
 
Immunohistochemical staining and imaging of tumors 
 Immunohistochemical staining of tumors used the following primary antibodies: (i) blood 
vessel endothelial cells (rat monoclonal anti-CD31 antibody, PECAM-1, clone MEC 13.3, 1:500, 
BD Sciences/Pharmingen, or hamster monoclonal anti-CD31 antibody, clone 2H8, 1:500, 
Thermo Scientific); (ii) pericytes (rabbit polyclonal anti-mouse NG2 proteoglycan, 1:2000, 
Chemicon or Cy3-conjugated mouse monoclonal anti-α-smooth muscle actin, α-SMA, 1:1000, 
Sigma); (iii) RIP-Tag2 tumor cells (guinea pig anti-swine insulin antibody, 1:100, Dako, or rabbit 
anti-SV40 T-antigen antibody, 1:500, Santa Cruz Biotechnology); (iv) human Panc-1 tumor cells 
(goat anti-luciferase antibody, 1:500, Novus Biologicals); (v) acinar pancreas (rabbit anti-
amylase antibody, 1:500, Sigma-Aldrich); (vi) phosphohistone H3 (rabbit anti-phosphohistone 
H3 antibody, 1:500, Millipore); (vii) activated caspase-3 (rabbit anti-caspase-3 antibody, 1:1000, 
R&D Systems); (viii) pimonidazole (FITC-conjugated mouse anti-pimonidazole hydrochloride, 
1:100, Chemicon); (ix) carbonic anhydrase IX (rabbit anti-CA-IX antibody, 1:500, Novus 
Biologicals); (x) glucose transporter 1 (rabbit anti-Glut1 antibody, 1:500, Chemicon); (xi) c-Met 
(goat or rat anti-mouse HGFR antibody, 1:500, R&D Systems); (xii) phospho-c-Met (rabbit anti-
phospho-c-Met antibody, 1:250, Invitrogen); (xiii) HGF (goat anti-mouse HGF antibody, 1:500, 
R&D Systems); (xiv) VEGFR-2 (rabbit polyclonal anti-VEGFR-2 antibody T014, 1:2000, gift from 
Rolf Brekken, University of Texas Southwestern Medical Center); (xv) VEGFR-3 (goat 
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polyclonal anti-VEGFR-3, 1:1000, R&D Systems); (xvi) E-cadherin (rat monoclonal anti-E-
cadherin antibody, clone ECCD-2, 1:800, Invitrogen); (xvii) vimentin (rabbit anti-vimentin 
antibody, 1:500, Abcam); (xviii) type IV collagen (rabbit anti-type IV collagen, 1:1000, Cosmo 
Bio Co); and/or (xix) type I collagen (rabbit anti-type I collagen, 1:100, Millipore).  Secondary 
antibodies were FITC-, Cy3- or Cy5-labeled donkey anti-goat, anti-rabbit, anti-rat, anti-hamster, 
or anti-guinea pig IgG (Jackson ImmunoResearch; all diluted 1:400).  Cell nuclei were stained 
with Vectashield mounting medium containing DAPI (Vector laboratories).  Specimens were 
examined with a Zeiss Axiophot fluorescence microscope and a Zeiss LSM 510 laser scanning 
confocal microscope (1). 
 
Measurement of tumor size  
 The size of RIP-Tag2 tumors in digital fluorescence microscopic images of sections was 
measured with ImageJ software (http://rsb.info.nih.gov/ij) (1).  Images of all tumors visible in 
three 80-µm thick cryostat sections cut at multiple levels of each pancreas were captured (5x 
objective, 1x Optovar, tissue region 1,920 by 2,560 µm), and the sectional area of each tumor 
(6-36 tumors per mouse) was measured.  Tumors too large to fit into a single image were 
recorded as multiple images, and the area was measured in a montage.  
 
Calculation of tumor Invasion index  
  Digital images were obtained of tumors in 80-µm sections of pancreas stained for SV40 
T-antigen, insulin, or luciferase (5x objective, 1x Optovar, tissue region 640 x 480 pixels).  (1) 
RGB images were converted to 8-bit gray scale; (2) the tumor border was outlined by the 
freehand tool; (3) the region outside the tumor was filled black; (4) a threshold of approximately 
30 in the range of 0 to 255 was applied to include all tumor cells; (5) the image was converted to 
binary (black and white) based on this threshold; (6) images were standardized by setting pixels 
to an aspect ratio of unity; (7) area and perimeter of particles (separate clusters of pixels) in the 
binary image were determined; (8) Invasion index was calculated as 1/(4π x area / perimeter2 ); 
(9) median Invasion index was calculated for all tumors in each mouse (6-36 tumors per RIP-
Tag2 mouse; 1 Panc-1 tumor per mouse); (10) mean Invasion index per treatment group was 
calculated from the median values for 4-5 mice in each group.  
 
Measurement of tumor vascularity  
 Tumor vascularity was assessed by measuring the CD31 immunoreactivity of blood 
vessels in tumors.  Patency of tumor vessels was assessed in some RIP-Tag2 mice by iv 
injection of 100 µg of fluorescein isothiocyanate-labeled Lycopersicon esculentum lectin (100 µl, 
in 0.9% NaCl, Vector Laboratories) 2 minutes before perfusion of fixative (1).  Pericyte coverage 
was assessed from the amount of colocalization of CD31 and NG2 or α-SMA immunoreactivity 
in 20-µm sections of RIP-Tag2 tumors (3).  Vessel branching was examined in digital images 
(10X objective) of 20-µm sections of RIP-Tag2 tumors stained for CD31 and was calculated as 
number of blood vessel branch points per total CD31 area (n = 5 mice/group) from values 
obtained with ImageJ (4).   
 
Measurement of proliferating cells  
 The abundance of proliferating cells at the tumor border and center was estimated in 
images (10x objective, 1x Optovar, tissue region 1,920 by 2,560 µm) of tumor sections by 
measuring the area density of phosphohistone H3 staining.  Tumor cells were marked in the 
same sections by staining for insulin.   
 
Measurement of intratumoral hypoxia and trapped acinar cells 
 Amount of intratumoral hypoxia was determined by measuring immunofluorescence for 
pimonidazole, CA-IX, or Glut1.  Abundance of amylase-positive acinar cells within tumors was 
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used as a measure of tumor invasiveness.  Values were expressed as a fraction of tumor area 
(area density) of specific fluorescence measured in digital fluorescence microscopic images with 
ImageJ at a predetermined fluorescence threshold (1).  
 
Measurement of liver metastasis  
 Metastases were identified in digital fluorescence microscopic images of regions of 80-
µm thick cryostat sections of liver stained for SV40 T-antigen (RIP-Tag2 tumors) or luciferase 
(Panc-1 tumors).  The total sectional area of liver was determined using ImageJ after individual 
images were combined in Photoshop to represent the entire section as a montage.  The number 
and size of clusters of immunofluorescent tumor cells in the liver were measured at a threshold 
of about 60 as described under Invasion Index.  Metastases were defined as clusters of 
immunofluorescent cells totaling 100 pixels or larger in size.  Measurements were expressed as 
number of metastases per mm2 and as fractional area of metastases per liver section (area 
density, 4-6 mice/group).  Mean area (mm2) of liver metastases was calculated from the mean 
number per mm2 of section area and fractional area of metastases, and mean diameter was 
estimated from the area assuming circularity. 
 
Isolation of RIP-Tag2 tumor cells 
 Tumors were removed from eight RIP-Tag2 mice at age 14 weeks.  Tumor cells isolated 
as previously described (5) were evenly seeded onto 10-cm dishes coated with fibronectin (100 
µg/ml).  After 48-hour incubation in DMEM with 25 mM D-glucose at 37°C, dishes were divided 
and incubated for 4 hours either at 21% O2 (normoxia) or at 1% O2 (hypoxia).  The cells were 
then lysed, and c-Met protein was assessed as described under Immunoprecipitation.  
 
Semi-quantitative real-time PCR 
 RNA in tumors removed from RIP-Tag2 mice after vascular perfusion of PBS was 
isolated using the RNeasy Plus Mini Kit (Qiagen).  After homogenization with a rotor-stator 
homogenizer, RNA yield and purity were measured with a NanoDrop Spectrophotometer 
(Thermo Scientific).  In vitro reverse transcription reactions were performed on 1-µg RNA 
samples using the iScript cDNA Synthesis Kit (Bio-Rad) according to the manufacturer's 
instructions.  RT quantitative PCR reactions/SybrGreen assays were done on in vitro 
transcription reactions (25 ng) using the Kapa Sybr Fast qPCR Kit (KapaBiosystem) and the 
MyIQ Real Time qRT-PCR Detection System (Bio-Rad) with the following cycling protocol: at 
90ºC for 3 min followed by 40 cycles at 95ºC for 3 sec and then at 60ºC for 25 sec.  The data 
were normalized to the endogenous β-actin in tumors from vehicle-treated mice, and fold 
changes were calculated using the comparative CT method.  The primers used are listed in 
Supplemental Table 1.  
 
Immunoblot 
 RIP-Tag2 mice at age 14 weeks were treated for 1 week and were then perfused with 
sterile PBS (4-6 mice per group).  Tumors removed from the pancreas were lysed in Radio-
Immunoprecipitation Assay (RIPA) buffer (50 mM Tris-Cl, pH 8.0, 150 mM NaCl, 1% Triton X-
100, 0.5% sodium deoxycholate, 0.1% SDS, plus protease and phosphatase inhibitors) and 
analyzed by immunoblot as described (6) using multiple antibodies:  Goat anti-HIF-1α antibody, 
1:500, R&D Systems; mouse anti-Snail1 antibody, 1:1000, Cell Signaling; mouse monoclonal 
anti-N-cadherin and anti-E-cadherin antibodies, both 1:2000, BD Biosciences; mouse anti-
vimentin antibody, 1:500, Sigma-Aldrich; rabbit anti-β-tubulin antibody, 1:500, Santa Cruz 
Biotechnology; rabbit anti-β-actin antibody, 1:500, Sigma.  Scanned immunoblots are 
representative of at least 2 separate experiments. The band density was measured using 
ImageJ and normalized to tubulin or to β-actin. 
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Immunoprecipitation   
 Total c-Met and phospho-c-Met were assessed tumors and in isolated tumor cells.  
Tumors in RIP-Tag2 mice treated from age 14 to 15 weeks and then perfused with sterile PBS 
(4-6 mice per group) were removed and homogenized in RIPA buffer (50 mM Tris-Cl, pH 7.4, 
150 mM NaCl, 1% NP-40, 0.5% deoxycholate, 0.1% SDS).  Tumor cells freshly isolated from 
tumors of eight untreated 14-week old RIP-Tag2 mice were incubated under normoxic or 
hypoxic conditions and then lysed in RIPA buffer.   
 
 After centrifugation, the supernatant (100 µg of protein) was incubated with goat anti-c-
Met for 16 hours at 4°C, and then incubated with immobilized protein G (Pierce) for 4 hours at 
4°C.  The precipitant was washed five times with RIPA buffer containing 0.5M NaCl.  After final 
centrifugation and resuspension in SDS sample buffer (62.5 mM Tris-Cl, pH 6.8, 10% glycerol, 
2% SDS, 0.01% bromphenol blue), the precipitant was analyzed on 4-20% Tris-Glycine gels 
(Invitrogen) and then transferred to nitrocellulose membranes (Amersham Pharmacia Biotech).  
The membranes were incubated in PBS containing 5% BSA and 0.05% Tween 20 to block non-
specific binding, and then incubated with rabbit anti-c-Met (Zymed) or rabbit anti-phospho-c-Met 
(BioSource).  The precipitant was blotted for rabbit anti-phospho-c-Met (BioSource) or rabbit 
anti-c-Met (Santa Cruz).  Proteins were detected by using Enhanced Chemiluminescence (ECL) 
reagents (Pierce).  
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