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Figure S1, related to Figure 2. TRAIL/TRAIL-R2 promote cell-autonomous migration 

independently of the DISC. 

(A) A549 cells were subjected to transient knockdown of TRAIL-R2 using individual siRNA 
sequences (#1-4) or a pool consisting of these four sequences and subjected to migration 
assays.  
(B) Stable pLKO.1, shTRAIL-R1 and TRAIL-R2 A549-luc cells were subjected to migration 
assays. 
(C) The indicated cell lines were stained for TRAIL-R1-TRAIL-R4 and their expression was 
analyzed by flow cytometry.  
(D) A549-luc, DLD-1, PancTu I and Colo357 were transfected with the indicated siRNAs and 
subjected to migration assays.  
(E) KRASG13D (DLD-1) and KRAS WT (DKO4) cells were subjected to the indicated KDs and 
Western blot analysis. 
(F) A549-luc cells were treated with the indicated recombinant receptor-Fc proteins and 
subjected to migration assays. Quantification was normalized to Vehicle-treated cells.  
(G) Native lysates of the indicated cell lines were fractionated by SEC. Fractions 9-32 were 
then subjected to Western blotting.  
(H) Panc Tu I cells were transfected with siRNAs as indicated and subjected to native lysis, 
SEC fractionation and Western blotting as above.  
(I) 2 x 106 A549-luc pLKO.1 and shTRAIL-R2 were injected i.v. into SCID beige mice (n=9 
mice/group). Tumor burden in the lungs was detected by quantification of bioluminescence 
after luciferin injection using the IVIS Spectrum Imaging system after three weeks. Three 
representative mice from each group are shown.  
(J) Mice were treated with either vehicle or 500 µg/mouse TRAIL-R2-Fc i.p. three times per 
week for 3 weeks beginning one day after cell injection and randomization of mice 
according to photon flux (n=8 mice/group). 
(K) PancTu-I shCtr (n=9) or shTRAIL-R2 (n=8) were orthotopically implanted into pancreata 
of SCID beige mice. After 10 days, primary tumors were resected and the number of animals 
with or without liver macrometastases was determined. 
(L) DLD-1 cells were transfected with the indicated siRNAs and subjected to migration 
assays. 
(M) FADD KO A549-luc clones 10, 41 and 50 were transfected as indicated and subjected to 
migration assays. 
Values are means +/- SEM of three independent experiments. Representative images/blots 
are shown. Data from individual mice are depicted as groups of dots +/- SEM; Ctr, Control; 
TR1, TRAIL-R1; TR2, TRAIL-R2; C8, caspase 8; ns, not significant; * p< 0.05; ** p< 0.01 and 
*** p<0.0001 (ANOVA A, B, D, F), (Student’s t-test I, J, M) and binomial test (K) . 
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Table S1, related to Figure 2. Knockdown-mediated migration reduction in a comparative 

panel of KRAS-mutated and -WT cell lines. 

KRAS-WT cancer origin TRAIL-R2 KD [% migration reduction] 

DKO4 Colorectal -0.3 

Hkh-2 Colorectal 18.1 

H520 Lung 14.5 

H522 Lung 27.3 

H322 Lung  50.0 

KRAS-mutated cancer origin TRAIL-R2 KD [% migration reduction] 

DLD-1 Colorectal 49.0 

A549 Lung 51.3 

H460 Lung 41.9 

Panc Tu 1 Pancreatic 53.4 

Colo357 Pancreatic 82.4 

DT8082* Pancreatic 97.0 

TRAIL-R2 KD= transient knockdown; WT= wild-type; * murine. 

 

 

Figure S2, related to Figure 3. mTRAIL-R recombination in KPC samples.  

(A) PCR detecting recombination of mTRAIL-R DNA in the pancreas. 
(B) Tumor size at time of death (TOD). 
(C) H&E-stained primary tumors with the indicated macroscopic size and respective lung 
metastases; scale bar, 100 µm. 
Data are means +/- SEM of all animals; ns, not significant; FL, floxed; WT, wild-type; Rec, 
recombined.  
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Figure S3, related to Figure 4. Oncogenic KRAS-mediated ROCK inhibition enables TRAIL-
R2-mediated migration. 

(A) A549-luc cells were transfected with the indicated siRNAs and subjected to migration 
assays.  
(B) Parental or inducible KRASG13D(iKRASG13D) H322 cells were treated with the indicated 
concentrations of Doxycycline (Dox) for 48 hr, serum starved for 4 hr and then subjected to 
Western blotting. 
(C) H322 iKRASG13D cells were subjected to the indicated knockdowns, after 24 hr medium or 
250 ng/ml Doxycycline were added for additional 48 hr. Cells were then serum starved for 4 
hr in the presence of the indicated inhibitors (both 1 µM) and subjected to Western blotting.  
(D) A549 cells were subjected to the indicated knockdowns for 48 hr and then left to 
migrate in the presence or absence of the indicated inhibitors (both 1 µM).  
(E) Endogenous Rac1 in A549 cell lysates was loaded with GDP/GTPγS in vitro, and GTP-
bound Rac1 was isolated using PAK1-RBD beads.  
(F) The indicated cell lines were left untreated or treated with 10 µM Y27632 for 2 hr and 
subjected to Western blotting.  
(G) KRAS-WT H522 cells were subjected to the indicated KD, treated with DMSO or 10 µM 
Y27632 and subjected to migration assays. 
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(H) KRAS-WT DKO4 cells were treated with either DMSO, 10 µM Y27632, 1 µM GDC-0941 or 
both and subjected to migration assays.  
Representative Western Blots are shown. Figures show means of three independent 
experiments +/- SEM. Ctr, Control; TR2, TRAIL-R2; ns, not significant, ** p< 0.01 and *** 
p<0.001 (ANOVA). 
 

 

 

Figure S4, related to Figure 5. Rac-FRET reporter KPC cells in vivo. 

(A) Schematic representation of the Rac-FRET probe used.  
(B) KPC-cells with stable Rac-FRET probe and pLKO.1 or shmTRAIL-R (sequence 23 or 25) 
were subcutaneously implanted into Nude mice. A representative mouse with cutaneous 
optical imaging window is shown. 
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SUPPLEMENTAL EXPERIMENTAL PROCEDURES 

 

Reagents 

Antibodies: HS101, HS201, H301 and H402 were used for surface staining of TRAIL-R1 to 

TRAIL-R4 and α-TRAIL-R1 (TR1.02; mIgG2b), α-TRAIL-R2 (TR2.21; mIgG1) for 

immunohistochemistry, all are available from Adipogen. α-FADD was purchased from BD 

Bioscience, α-KRAS from Santa Cruz, α-β-Actin from Sigma, α-Rac1 and α-Rho from 

Millipore, α-TRAIL-R2 from Cell Signaling for knockdown detection, from ProSci for SEC and 

from ENZO (anti N-terminal) for detection of C-terminal deletion mutants, α-Caspase-8 as 

described (Scaffidi et al., 1997), α-TRAIL from Alexis and α-TRAIL-R1 was purchased from 

ProSci. α-pAKT and AKT were purchased from Cell Signaling and α-PTEN from Santa Cruz. 

Recombinant proteins: DR6-Fc, TRAIL-R2-Fc, mTRAIL-R-Fc and TNF-R2-Fc were purified from 

supernatants of transfected HEK293T cells via protein A columns (GE Healthcare) and used 

at 100 µg/ml, iz-TRAIL was produced in E. coli, purified as described previously (Ganten et 

al., 2006), iz-TRAIL was LPS-free after purification as tested by Limulus amebocyte lysate 

(LAL) assay (LONZA). GDC-0941, A66 and TGX221 were purchased from Selleck Chemicals. 

NSC23766 and Y27632 were purchased from Calbiochem. All siRNA sequences were 

purchased from Dharmacon and tested using single sequences or the mixed pool: siControl 

(siGENOME RISC-Free Control siRNA, D-001220-01-20), siTRAIL-R1 (set of 4 sequences MU-

008090-02-0002); siTRAIL-R2 (set of 4 sequences MU-004448-00-0005); simTRAIL-R (set of 4 

sequences L-050949-00-0005); si human KRAS (set of 4 sequences L-005069-00-0005); si 

mouse KRAS (set of 4 sequences LU-043846-01-0002); siTRAIL (set of 4 sequences LU-

011524-00-0002); siCaspase 8 (set of 4 sequences LU-011524-00-0002); siRac1 (set of 4 

sequences LU-003560-00-0002); siRhoA (set of 4 sequences LU-003860-00-0002); siPTEN 

(set of 4 sequences LU-003023-00-0002).  

 

Cell lines 

Isogenic colorectal cancer cell line pairs DLD-1/DKO4, HCT116/Hkh-2 and DLD-1 dnFADD 

were kindly provided by O. Kranenburg, pancreatic cancer cell lines Panc Tu I and Colo357 
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by A. Trauzold, the murine KrasG12D/p53R172H cell line DT8082 by D. Tuveson and the human 

lung adenocarcinoma panel of KRAS-mutated and WT cell lines (H460, H520, H522, H322) by 

J. Downward. A549-luc cells were purchased from Caliper Life Science. KPC-cells for Rac-

FRET transfection were previously described by Morton et al., DLD-1, DKO4, HCT116, Hkh-2, 

and DLD-1 dnFADD cells were cultured in DMEM supplemented with 10% FCS and 2 mM 

Glutamine, DT8082 in DMEM supplemented with 10% FCS, Panc Tu I and Colo357 in 

RPMI1640 supplemented with 10% FCS, 2 mM Glutamine and 1 mM sodium pyruvate and 

the human lung cancer cell line panel including A549-luc cells in RPMI1640 supplemented 

with 10% FCS. All cell lines were mycoplasma-free as determined by MycoAlert™ 

Mycoplasma Detection Kit (LONZA). 

 

Migration assays 

Migration assays were performed using the xCELLigence System (Acea Biosciences, Inc.) that 

uses specially designed microtiter plates containing gold microelectrodes to measure 

electrical impedance of cells adhering to electrodes in real time. Increased impedance of 

background control wells was subtracted from all other values, the increase in electrical 

impedance/migration of control siRNA-transfected/control vector-infected cells was then 

defined as 100% migration and relative migration of all other transfected samples was 

calculated as compared to control-transfected cells, accordingly. Migration plates (CIM 16) 

are based on the Boyden chamber principle, the lower surface of the filter is covered with 

microelectrodes measuring cells that have migrated through the pores and adhere to the 

lower surface of the filter in real-time. Briefly, the lower chambers of a CIM 16 plate were 

filled with medium containing 2% FCS as chemoattractant, the upper part was assembled 

and 30 µl of FCS-free medium was added to the top wells. The plate was then equilibrated at 

5% CO2 and 37°C for 1 hr. Cells were trypsinized and washed three times in FCS-free 

medium. Then, 8 x 105 cells were resuspended in 1 ml FCS-free medium and 100 µl cell 

suspension was added to each well after a background measurement without cells was 

performed. Four wells without cells (FCS-free medium only) were included as assay 

background control. Cells were left to settle in the top well of the plates at room 

temperature for 30 minutes and then plates were returned to the RTCA-DP xCELLigence 

http://www.lonza.com/products-services/bio-research/cell-culture-products/mycoplasma-detection-and-removal/mycoalert-mycoplasma-detection-kit.aspx
http://www.lonza.com/products-services/bio-research/cell-culture-products/mycoplasma-detection-and-removal/mycoalert-mycoplasma-detection-kit.aspx
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system and impedance measurements were taken every minute. Cells that had been 

transfected with siRNA were left to migrate for a total of 6 hr. 

 

Invasion assays 

Invasion assays were performed using the xCELLigence System (Acea Biosciences, Inc.) that 

measures cell impedance in real-time (see Migration assay). In this assay, E-plates were used 

which do not follow a Boyden chamber principle but are regular wells (16-wells, each with 

the size of a 96-well) that contain gold electrodes at the bottom of the well. Wells were 

coated with 30 µl of 1:10-diluted Matrigel (BD) and left to set in the incubator for 1 hr. 

Importantly, matrigel was diluted in medium containing 10% FCS to promote invasion. In the 

meantime cells were prepared as described for the migration assay. Again, before adding 

washed cells to the well, a background measurement was taken. After adding cells, they 

were left for 30 minutes at room temperature to settle. Wells without cells and the non-

invasive cell line NIH3T3 were included as controls in each experiment. E-plates were then 

returned to the RTCA-DP xCELLigence system to take measurements every minute for a total 

of 6 hr. Cell Index measurements increase as a function of cells that have passed through 

the matrigel and have reached the electrodes. Background of wells without cells was 

subtracted and control transfected cells were set to 100% migration and relative migration 

of TRAIL-R2 knockdown cells and NIH3T3 was calculated accordingly. Subsequently, the 

matrigel layer was removed and cells adhering to electrodes were stained by crystal violet 

and washed with PBS. 

 

Soft agar assays 

Growth of cells in soft agar was determined using the Cell Transformation Detection Assay 

(Millipore). 500 µl of 0.8% noble agar in sterile H2O/medium 1:2 was used per one 24-well-

plate well. Bottom agar was allowed to set for 20 minutes at 4°C. Meanwhile, cells were 

washed with DPBS, trypsinized and filtered through 40 µM filters to obtain a single cell 

solution. 1x104 cells per 24-well-plate well were mixed with 250 µl 0.4% top agar (bottom 

agar further diluted in medium) and immediately placed on top of the pre-warmed (37°C) 



9 

 
 

bottom agar. After the top agar had gelled, 250 µl medium was placed on top. Cells were left 

to form colonies for 4 weeks, stained using the Cell Stain Solution provided by the kit, and all 

colonies were counted. 

 

TRAIL-R Surface Staining 

Cells were detached using Accutase (Sigma) and counted. 2 x105 cells were incubated with 

10 µg/ml anti-TRAIL-R1, -R2, -R3 and –R4 (HS101, HS201, HS301 and HS402) or IgG1 isotype 

control antibody in 2% BSA in PBS (BSA/PBS) for 30 minutes on ice. Cells were washed twice 

with ice-cold BSA/PBS before incubation with secondary goat-anti-mouse-APC (BioLegend) 

at a dilution of 1:200 in BSA/PBS for 20 minutes on ice. Cells were washed three times in ice-

cold BSA/PBS and surface expression was assessed by flow cytometry. 

 

Western blot analysis 

Cells were treated as indicated and then lyzed in IP-lysis buffer (30 mM Tris-HCl [pH 7.4], 

120 mM NaCl, 2 mM EDTA, 2 mM KCl, 1% Triton X-100, 1× COMPLETE protease-inhibitor 

cocktail) at 4°C for 30 minutes. Proteins were separated by SDS-PAGE (NuPAGE) and 

analyzed by Western blotting. Membranes were stripped with 50 mM glycine (pH 2.3) 

before reprobing with other antibodies.  

 

Rac1 pulldown assays 

2.5 x 106 cells were seeded into 10 cm dishes. The next day, cells were incubated with and 

without 100 ng/ml iz-TRAIL. Cell lysis and Rac1 pulldown was performed using a Rac1-

pulldown kit (Millipore) according to the manufacturer’s instructions. Proteins were 

separated by SDS-PAGE (NuPAGE) and analyzed by Western blotting.  

 

Generation of cells expressing shRNA targeting TRAIL-R1, TRAIL-R2 and mTRAIL-R 

A549-luc/DLD-1 cells were seeded at 5 x 105 cells into 25 cm2 flasks. The following day, they 

were infected with 1:2 medium-diluted lentivirus supernatant containing sequences for 

either the vector (plKO.1) or five different shRNA sequences for human TRAIL-R1 or human 
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TRAIL-R2, respectively. All sequences were purchased from Sigma. After 48 hr incubation 

with the virus, cells were subjected to selection with 2 µg/ml puromycin for 2 weeks. 

Subsequently, selected cells were subjected to Western blot to determine levels of TRAIL-R 

suppression. For TRAIL-R1, the sequence 

CCGGCTTAGGTGTTAGGAGTTAATACTCGAGTATTAACTCCTAACACCTAAGTTTTT (Sigma Cat nr. 

TRCN0000005934) (shTRAIL-R1) generated sufficient knockdown as compared to vector-

infected cells and cells infected with this sequence were therefore chosen for further 

analysis. For TRAIL-R2, only the sequence 

CCGGGCAGAAGATTGAGGACCACTTCTCGAGAAGTGGTCCTCAATCTTCTGCTTTTT  (Sigma Cat 

nr. TRCN0000005933) (shTRAIL-R2) generated sufficient suppression of TRAIL-R2 expression 

and cells infected with this sequence were therefore chosen for further analysis. Sigma Cat 

nr. TRCN0000005930 sequence targeting TRAIL-R2 did not result in significant knockdown in 

A549 cells and was used as shRNA control (shCtr). 

For stable knockdown of TRAIL-R2 or non-silencing control in PancTu I cells, the GIPZ 

lentiviral shRNAmir vector system was used (both plasmids were from Open Biosystems; 

Clone ID: V2LHS_16711) and selected with puromycin (1 µg/ml). Stable KD of mTRAIL-R in 

KPC cells was achieved using either sh23 (TRCN0000012323) or sh25 (TRCN0000012325), 

both purchased from Sigma. The lentiviral vector pLKO.1 was used as control.  

 

Generation of FADD KO cell lines 

A549-luc cells were transfected with 5 µl mRNA encoding a Zinc Finger Nuclease targeting 

FADD (CompoZr®, Sigma-Aldrich) using Lipofectamine 2000 (Invitrogen). The Zinc Finger 

Nuclease generates DNA double strand breaks that upon non-homologous end-joining in 

some cases results in disruption of the gene producing a KO. Subsequently, single cells were 

seeded into 96-well plate in RPMI growth medium supplemented with 10% FCS and 30% 

conditioned medium. After two weeks, single cell colonies were selected and subsequently 

seeded into 12-well-plate wells for further expansion. After an additional week, cells grown 

from a single cell clone were lysed and screened by Western Blotting for the presence or 

absence of FADD. 
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Confocal analysis 

Cells were seeded on poly-Lysine-coated microscopic coverslips at 2.5 x 104 cells/24-well. 

The following day, cells were treated as indicated, then fixed for 10 minutes in 5% 

formaldehyde, subsequently permeabilized (in PBS containing 0.02% Triton-X 100 and 1% 

BSA for 5 minutes) and blocked (in 1% BSA for 1 hr). Texas-Red coupled Phalloidin 

(Invitrogen, Molecular Probes) was used at 5 µl/200 µl blocking buffer as suggested by the 

manufacturer and incubated for 30 minutes at RT in the dark. Subsequently, the cells were 

washed three times with PBS, and Phalloidin-stained coverslips were mounted in DAPI 

(ProLong® Golds antifade reagent with DAPI, Invitrogen). Images were acquired at x400 

magnification using a confocal microscope and software (Leica). 

 

Size exclusion chromatography (SEC) 

5 x 106 cells were lysed in 240 µl of IP-lysis buffer (30 mM Tris-HCl [pH 7.4], 120 mM NaCl, 2 

mM EDTA, 2 mM KCl, 1% Triton X-100, 1× COMPLETE protease-inhibitor cocktail, 10 mM 

MgCl2) at 4°C for 20 minutes. Subsequently, lysates were cleared by centrifugation and 

additional centrifugal spin filtration (0.2 µm). At this point lysates were either stored at -80°C 

or fractionated using the Superose™ 6 PC 3.2/30 (GE Healthcare). Briefly, the column was 

equilibrated with 2 column volumes (2x 2,4 ml) of running buffer (20 mM HEPES, 120 mM 

NaCl, 2 mM EDTA, 2 mM KCl, 5% [w/v] sucrose, 1% Triton X-100, [pH 7.5]). Lysates were then 

injected and collected in 50 µl fractions. 12 µl of fractions 9-32 were analyzed by Western 

blotting. 

 

BrdU Proliferation Assay 

24 hr after cells had been subjected to transient knockdowns as described in Experimental 

procedures, BrdU stock (Cell proliferation assay kit, Calbiochem) was added at a dilution of 

1:2000 in medium and incubated for another 24 hr. Then, the BrdU proliferation assay was 

performed according to the manufacturer’s instructions. 
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Cell viability assays 

Cell viability was determined using the Cell Titer Glo assay (Promega) according to the 

manufacturer’s instructions or the MTT assay when indicated. 

 

DISC Analysis 

We performed ligand affinity precipitations using Flag-tagged TRAIL in combination with M2 

beads (Sigma). Cells were incubated for 10 minutes at 37°C in the presence or absence of 1 

µg/ml Flag-izTRAIL as described previously (Walczak and Haas, 2008).  

 

Re-expression of wild type and mutant versions of TRAIL-R2  

A549-luc pLKO.1 and shTRAIL-R2 (targeting the 3’UTR) cells were transfected with either 

pcDNA3.1 or full length TRAIL-R2 (long isoform), ΔICD (AA 1-231), ΔDD/CTD (AA 1-339) or 

ΔDD (AA 340-422 deleted) inserted into pcDNA3.1 using Lipofectamine 2000 (Invitrogen, 

Paisley, UK) according to the manufacturer’s instructions. After 24 hr incubation, cells were 

subjected to migration assays or to SDS-PAGE and subsequent Western blot.  

 

Anoikis Assay 

Cells were washed with DPBS, trypsinized and seeded at 1.5 x 105 cells/well in 1 ml into 

Corning® Ultra-Low Attachment 24-well plates that are coated with a hydrophilic hydrogel 

preventing cell adhesion. After 72 hr incubation, cells were spun down, resuspended in 

propidium iodide (PI) buffer and dead cells were determined as PI-positive cells by flow 

cytometry. 

 

Luciferase Assay 

Stable A549-luc knockdown cells were seeded at the indicated numbers in 96-well plates. 

The following day, medium was removed and cells were permeabilized with 30 µl of 

Permeabilization Buffer (eBioscience) for 15 minutes. Subsequently, 30 µl Firefly luciferin-

containing buffer (Luciferase Assay buffer) was added and incubated for 10 minutes. The 

relative luminescence was determined using a Mithras plate reader. 
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Immunohistochemistry (IHC)/Immunofluorescence (IF) 

For preparation of lung tissue sections, mice were sacrificed 3.5 weeks after cell injection 

according to Guidance on Operation of Animals [Scientific Procedures] Act 1986. From each 

mouse the upper lobe of the left lung was removed, fixed in 10% formalin (Sigma) for one 

week and then transferred to 70% ethanol. Paraffin embedding, preparation of sections and 

H&E stainings were performed as part of a histological staining service at the National Heart 

& Lung Institute. Paraffin sections were stained for Ki67 (Dako) at a 1/80 dilution and CK19 

(AHP1846, Serotec) at 5 µg/ml.  Sections were de-waxed and rehydrated by passing the 

slides through xylene and descending grades of alcohol then rinsed in water. The slides were 

incubated for 15 minutes with 0.6% hydrogen peroxide solution for IHC. Slides were rinsed 

and immersed in 0.1 M citrate buffer (pH 6.0) and microwaved for 15 minutes (750 watts) 

for antigen retrieval. Slides were then immediately cooled under running water and rinsed 

in PBS. 100 µl of Protein Block was added to each slide for 5 minutes. After rinsing with 

0.05% PBS/Tween 20 solution for 5 minutes, the slides were incubated with 100 µl of the 

primary antibody at 4oC overnight.  Following overnight incubation, slides were washed with 

0.05% PBS/Tween 20 solution.  The sections were then incubated with secondary antibody 

for 30 minutes (IHC) or 1 hr (IF) at room temperature and again washed three times. The 

sections were developed using the ABC kit (Vector laboratories) before being 

counterstained by haematoxylin for 2 minutes and rinsed in water for 5 minutes for IHC. 

Slides were then dehydrated in ascending grades of alcohol and cleared in 3 changes of 

xylene (IHC). Finally, the sections were mounted using Di-N-Butyle Phthalate in Xylene (DPX) 

mounting solution and covered with a glass coverslip (IHC) or mounted in DAPI (ProLong® 

Golds antifade reagent with DAPI, Invitrogen) (IF). For negative controls, duplicate slides 

from each case were used. These slides were incubated with 100 μl antibody diluent instead 

of primary antibody/secondary antibody. H&E stainings were examined by an experienced 

pathologist (M. A. E.-B.) who was blinded to the study design. TUNEL assay was performed 

using the TACS•XL®-Blue Label in Situ Apoptosis Detection Kit according to the 

manufacturer’s instructions (Trevigen). Ki67- and TUNEL-positive cells were quantified as 

percentage of cells within tumor nodules.  
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For the immunohistochemical analysis of KPC-lung metastases and KP-primary lung tumors, 

sections were deparaffinized, rehydrated in graded alcohol and stained via the avidin–biotin 

immunoperoxidase method. Diaminobenzidine was used as the chromogen (DAB Peroxidase 

Substrate Kit, Vector Laboratories) and haematoxylin to counterstain nuclei. Sections were 

immunostained with a rabbit polyclonal antibody against PDX1 (06-1379, Millipore), a rabbit 

polyclonal antibody against CC10 (AB3786, Millipore) and a rabbit polyclonal antibody 

against pro-surfactant apoprotein-C (07-623, Millipore). Anti-rabbit IgG (111-066-144, 

Jackson ImmunoResearch) was used as isotype control in all cases. 

For the analysis of xenotransplanted Panc Tu I liver metastases, 5 µm liver cryo sections  

were mounted on slides and anti-human pan-cytokeratin (KL-1; 1:50, IM1918, Immunotech, 

Beckman Coulter, Marseille, France) staining was performed using the ImmPRESS HRP 

(Peroxidase) Polymer Kit (MP-2400, Vector Laboratories, U.S.A.). Peroxidase-Blocking 

Solution (S2023), DAB+Chromogen with Substrate Puffer (K5007) and Hematoxylin (S2020) 

were from Dako, Glostrup, Denmark. 

 

Histological Quantifications 

Lung metastasis burden (xenograft) was quantified by determining the percentage of lung 

replaced by tumor cells or by counting all nodules within a central 50x microscopic field, the 

number of PanIN lesions was counted in sections of H&E-stained whole murine pancreases, 

presence of liver and lung metastases was judged by inspecting two central serial sections 

from liver and lung, respectively, for all groups. All histopathological analyses were 

performed by an experienced pathologist (M. A. E.-B.) who was blinded to the study design. 

 

FLIM-FRET Microscopy 

Frequency domain FLIM in vitro: FRET was measured using frequency domain Fluorescence 

lifetime microscopy (FLIM) in vitro as described previously by Mack et al.. Briefly, a Nikon 

Eclipse TE 2000-U microscope with a Lambert Instruments LIFA attachment was used with a 

Yokogawa CSU 22 confocal scanner unit and a ×100 1.4 NA oil objective. A 488 nm laser 

modulated at 40 mHz (60 mW, Deepstar, Omicron) was used together with a GFP-filterblock 
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set (470/40X, T495LP, 525/50M) to detect GFP emission. Erythrosin B (1 mg/ml) was used as 

a reference standard (at 0.086 ns). The donor lifetime was analyzed by manually drawing 

regions of interest (ROIs) around whole cell membranes using the FLIM software (Version 

1.2.12, Lambert Instruments).  

Multiphoton TCSPC FLIM in vivo: Intravital imaging was performed as described previously 

(Nobis et al., 2013) on a Nikon Eclipse TE2000-U inverted microscope with an Olympus long 

working distance 20× 0.95 NA water immersion lens. A Ti:Sapphire femtosecond-pulsed 

laser (Cameleon) was used as an excitation source at 80 MHz and at a wavelength of 890 nm 

for optimal GFP excitation. A dichroic filter (Chroma 475 nm) was used to separate the 

second harmonic signal from the donor GFP. SHG and GFP signals were passed through 

band pass filters (Semrock 435/60 and 525/50, respectively) and detected by non-

descanned detectors (Hamamatsu). For FLIM a 16-anode PMT (FLIMx16, LaVision Biotec) 

was used for time correlated single photon counting (TSCPC). Obtained fluorescent lifetimes 

were analyzed using ImSpectorPro (Version 292, LaVision Biotech) by drawing ROIs around 

single cells and recording the offset of the single exponential fit of the fluorescence decay 

data.  

 

Patient Samples  

PDAC cohort 1: Prior to starting the study, ethical approval was obtained from the ethics 

board at the University of Heidelberg, Germany. Tumor samples were obtained from 95 

patients with histologically confirmed PDAC who underwent tumor resection. After 

informed consent, the cohort was constructed from paraffin-embedded, formalin-fixed 

tissue blocks obtained from the Department of Pathology, University of Heidelberg, 

Germany. A pathologist reviewed slides from all blocks to select representative areas of 

invasive tumor to be stained for human TRAIL-Rs by immunohistochemistry, we used the 

following mouse IgG antibodies developed and produced in our laboratory as previously 

described (Ganten et al., 2006): α-TRAIL-R1 (TR1.02; mIgG2b), α-TRAIL-R2 (TR2.21; mIgG1), 

available from Adipogen. Stained slides were assessed by two pathologists independently of 

each other and the percentage of cells with positive stainings was quantified. Individual cells 

were considered to be positively stained if they scored at least with 1 in staining intensity on 
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a scale of 1-3 as previously described (Ganten et al. 2009). 

PDAC cohort 2: The study was approved by the local ethics committee in Kiel (permission A-

110/99). FFPE material obtained from 106 patients was retrieved from the archive of the 

Institute of Pathology, University Kiel, Germany, from the years between 1999 until 2010. 55 

of the 106 patients (51.5%) were male, 51 (48.1%) were female. The median age was 65 (47 

to 85) years. All patients provided informed consent. Immunohistochemistry stainings for 

TRAIL-R2 were performed using α-TRAIL-R2 (TR2.21; mIgG1) as previously described in 

Haselmann et al.. 

CRC lung metastases: Between April 2009 and October 2012, 43 patients who underwent 

pulmonary metastasectomy after primary CRC and informed consent were included in this 

prospective, single center study. Inclusion criteria were first pulmonary metastasectomy, 

the absence of any extrapulmonary metastases, a controlled primary tumor site, expected 

complete resection judged based on CT images. Ethical approval for the study was obtained 

from the ethics committee of the Medical University of Vienna (EK1044/2012). The study 

was conducted according to the Helsinki declaration and the guidelines for good scientific 

practice of the Medical University of Vienna. KRAS-status was determined from DNA 

isolated from paraffin-embedded lung metastases tissue. Two patients were excluded due 

to insufficient DNA content for mutational analysis. Lung metastasis-free survival was 

defined as the time between diagnosis of the primary tumor and diagnosis of metastatic 

spreading to the lung. Patient follow-up was done by computed tomography every 3 months 

within the first year. Due to missing follow-up data and patient tissue that did not stain 

overall, 36 patient tissues entered staining procedures. TRAIL-R1 and TRAIL-R2 were stained 

as described for the other patient cohorts and their expression levels were quantified by an 

H-score. In each specimen five randomly selected tumor-containing regions were analyzed. 

Intensity score from 0-3 and proportion of the tumor stained with a given intensity was 

recorded as 10% increments within a range of 0-100. The final H-score (range 0-300) was 

obtained by adding the sum of scores obtained for each intensity and proportion of area 

stained. For both TRAIL-Rs, low versus high expression was defined as below or above the 

median H-score, i. e. for TRAIL-R1, low expression was determined as below an H-score of 

150 and for TRAIL-R2, below or above the median H-score of 36.  
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Animal Husbandry 

All mice were maintained in individually ventilated cages (IVCs), SCID beige mice received 

autoclaved food, water and bedding according to institutional guidelines under appropriate 

animal licenses. The required risk assessments were obtained for this study. 
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