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Supplementary Materials and Methods  

Cell line maintenance and Transfection  

PDACs were cultured in DMEM (Invitrogen) supplemented with 10% FBS and 2 mM L-

glutamine (Invitrogen).  Cells were transfected with a modified Raichu-RhoA reporter 

construct (5, 33) using Polyfect as described by manufacturers protocol (Qiagen).  Cells 

were selected using 0.6 mg/ml G418 and stable pools generated using standard 

procedures. 

 

Organotypic invasion assay 

Briefly, ~7.5x104/ml primary human fibroblasts were embedded in a three-dimensional 

matrix of rat tail collagen І.  Rat tail tendon collagen solution was prepared by the 

extraction of tendons with 0.5 M acetic acid to a concentration of ~2 mg/ml.  Detached, 

polymerized matrix (2.5 ml) in 35 mm petri dishes was allowed to contract for 

approximately 6 days in complete media (DMEM, supplemented with 10% FCS, 

Invitrogen) until the fibroblasts had contracted the matrix to ~1.5 cm diameter. 

Subsequently, 4x104 PDAC cells were plated on top of the matrix in complete media and 

allowed to grow to confluence for 5 days.  The matrix was then mounted on a metal grid 

and raised to the air/liquid interface resulting in the matrix being fed from below with 

complete media that was changed every 2 days.  After 8-12 days, the cultures were 

imaged as described or fixed using 4% paraformaldehyde and processed by standard 

methods for hematoxylin and eosin (H&E) staining.  For drug treatment, 100 nM of 

dasatinib (BMS), 10 μM Y27632 (Calbiochem) or 0.125 μg/ml cell permeable C3 

transferase (Cytoskeleton) was added to the media below the matrix throughout the 8-12 
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day period. The invasion index was calculated as the percentage of total cells on the 

organotypic matrix that invaded beyond ~30 μm as a ratio of cells on top of the matrix.  

This allowed for any changes in cell number on the top or bottom of the matrix ± drug 

treatment.  Representative images of at least 3 independent experiments are shown n = 60 

cells. Columns, mean; error bars represent ± SE. **, P < 0.01 by unpaired Student's t-test.   

 

Plasmids  

The modified GFP-RFP Raichu-RhoA reporter and the dominant negative construct 

pRaichu-1239X T19N (5, 33) was a kind gift from Professor Tony Ng, King’s College 

London.  The Q63L RhoA mutant was generated by replacing Glutamine at pos.63 with 

Leucine in the wildtype reporter using the QuikChange Lightning Site-directed 

Mutagenesis Kit (Agilent Technologies) and the following primers: 5’- 

gtgggacacagctgggctcgagga ttatgatcccttgag-3’ (RhoAQ63L-F) and 5’- 

ctcaggcgatcataatcctcgagcccagctgtgtcccac-3’ (RhoAQ63L-R).  

 

Imaging 

All imaging was performed on a Nikon Eclipse TE2000-U inverted microscope with an 

Olympus long working distance 20x 0.95 NA water immersion lens. The excitation 

source used for all image acquisition was a Ti:Sapphire femto-second pulsed laser 

(Cameleon, Coherent UK), lasing at 80 MHz and tuned to a wavelength of 890 nm. A 

scan head specifically designed for multi-photon excitation was used (Trim-scope, 

LaVision Biotec, Germany) to control all beam scanning and data acquisition. Detection 

of fluorescence was by non-descanned detectors (NDD) (Hamamatsu H6780-01-LV 1M 



 3

for < 500 nm detection and H6780-20-LV 1M for > 500 nm detection) located at the back 

focal plane of the objective. A dichroic filter (Chroma 475 DCXR) was used to spectrally 

separate the second harmonic generated signal, when present, from the GFP emission of 

the RhoA probe. Band pass filters (Semrock 435/40 and Chroma 525/50) were used to 

further filter the emission for the SHG and GFP channels respectively. For the 

measurement of fluorescence excited state lifetime, a 16-anode PMT (FLIMx16, 

LaVision Biotec, Germany) was used in a time correlated single photon counting 

(TCSPC) scheme. This allows the potential detection of 16 photons per single excitation 

event as compared to conventional TCSPC detection systems which are system limited to 

a single measured photon per excitation event. The increased photon count rate thus 

enables accurate fluorescence lifetime to be measured in situations not previously 

accessible. The TCSPC detector was used with a gain setting of 250 (0-255 full range) 

and configured with 75 time bins, each of which were 0.04 ns wide, based on the 80 MHz 

repetition rate of the laser corresponding to a maximum possible lifetime value of 12 ns.  

 

Fluorescence life-time imaging of RhoA FRET reporter in an in vitro wound heal 

assay   

2x106 cells were plated onto glass-bottomed 35 mm tissue culture dishes (Iwaki Cell 

Biology, Sterilin Ltd, United Kingdom) and left to adhere overnight.  Scratch wounds 

were performed and culture media was replaced prior to imaging.  Cells were maintained 

at 37ºC in a temperature-controlled chamber for an hour and then imaged.  Using the 

system described above, fluorescence lifetime data sets were collected so that at least 30 

cells were imaged within a distance of three cells from the wound edge or from confluent 
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monolayers of cells at the rear or the wound.  A standard parameter set was used which 

imaged a 150 x 150 μm field of view at a rate of 400 Hz in a period of 140 seconds.  

Activity was then quantified by recording the characteristic decay time for 5 regions 

within the cells.  Representative images of at least 3 independent experiments are shown 

n = 60 cells. Columns, mean; error bars represent ± SE. **, P < 0.01 by unpaired 

Student's t test.   

Fluorescence life-time imaging of RhoA FRET reporter in vivo 

Following trypsinization, 1x106 cells were re-suspended in 100 µl HBSS (Invitrogen, 

Paisley, UK) and subcutaneously injected into the rear flank of a nude mouse.  Tumors 

were allowed to develop until 0.5 – 1 cm in diameter.  Animals were kept in conventional 

animal facilities and all experiments were carried out in compliance with UK Home 

Office guidelines.  To permit imaging, mice were terminally anaesthetized using an 

anesthetic combination of 1:1 hypnorm - H2O + 1:1 hypnovel - H2O.  Following 

induction of anesthesia the subcutaneous tumor was surgically exposed and the mouse 

restrained on a 37 ºC heated stage. Multiphoton excited FLIM measurements were 

performed in vivo using the system described above. Typical scan parameters were 150 x 

150 μm field of view over 512 x 512 pixels scanned at 400 Hz with the acquisition of 100 

frames. The pixel dwell time was 5 μs with a total acquisition time of 140 seconds. 

Typical laser power as measured at the sample plane was ~30 mW.  Care was taken to 

minimize pixel saturation of the raw data. It was found that cells could be imaged at 

depths of up to 150 μm in vivo.  For each tumor type and drug treatment, at least 60 cells 

were measured from a minimum of six animals.  Columns, mean; error bars represent ±  

SE. **, P < 0.01 by unpaired Student's t-test.   
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Data Analysis  

Raw data was analyzed using the built-in TCSPC fluorescence lifetime analysis 

functionality of ImSpectorPro (LaVison Biotec, Germany). A single exponential fit with 

offset was performed on fluorescence decay data from specific regions of each cell and 

the lifetime fit parameter recorded. The values were entered into Excel and the mean and 

standard errors calculated. Statistically significant differences were assessed by 

performing an unpaired Student's t-test on the data sets. Lifetime maps were also 

produced using ImspectorPro, where a single exponential fit was performed for each pixel 

across the time bins spanning the peak to the end of the decay. An intensity threshold was 

applied with the value set to the average background pixel value for the summed data set. 

A 3 x 3 smoothing operation was performed on the raw data while calculating the FLIM 

map.  A standard rainbow color look up table with the limits 1 and 3 ns was used to 

display all FLIM maps for ease of comparison.  Low basal RhoA activity is represented in 

the lifetime color maps as red/yellow colors, while high RhoA activity is represented as 

blue colors and areas of low signal to noise ratio in which an accurate lifetime 

measurement cannot be achieved are black.  A 5 x 5 median filter was finally applied to 

the Tau map for smoothing purposes.  

Supplementary Figure Legends 

Supplementary Figure 1 A, Quantification of life-time measurements of RhoA activity 

in mutant p53R172H PDAC cells upons serum starvation (SF), treatment with LPA for 1 

min, Calpeptin for 10 min or cell-permeable C3 transferase overnight.  Mutant p53R172H 

PDAC cells were also transiently transfected with the RhoGEF onco-Lbc.  B, 
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Representative fluorescence image of p53R172H PDAC cells expressing the Raichu-RhoA 

reporter (green) (±) stimulation with LPA for 1 min with corresponding life-time map of 

RhoA activity. C, Corresponding Anti-Rho immunoblot of total cell lysate and GST-

Rhotekin ‘pulldown’ (GTP-Rho) from p53R172H PDAC cells serum starved and then 

stimulated with LPA for 0, 1 and 5 min, quantified by densitometry. Errors bar represent 

mean ± SE for at least 3 independent experiments. **, P < 0.01 

Supplementary movie 2   Mutant p53R172H cells (green) invading via interactions with 

fibroblasts (red), 10 µm z-section. 

Supplementary movie 3   Mutant p53R172H cells (green) invading via interactions with 

and degradation of ECM (purple) after 8 days, 10 µm z-section. 

Supplementary movie 4   Mutant p53R172H cells (green) invading via interactions with 

and degradation of ECM (purple) after 12 days , 10 µm z-section. 

Supplementary movie 5  Absence of p53fl cell invasion (green) on the organotypic 

assay, ECM (purple), 10 µm z-section.  

Supplementary Figure 6   Mutant p53R172H cells invading in an organotypic assay ± 

Y27632 as described in Fig 2. 

Supplementary Figure 7   Absence of p53fl cell invasion on organotypic assay for 21 

days as described in Fig 2. 

Supplementary Figure 8   Quantification of fluorescence life-time measurements of 

RhoA activity for cells within or on the matrix surface for both p53fl and p53R172H PDAC 

cells after 12 days. 

Supplementary Figure 9  A-B,  Tumours were harvested when they reached a size of 

1.7cm, or when skin ulceration occurred, acccording to UK home office guidelines. The 
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tumours arising from p53fl cells were well circumscribed and did not invade the muscle 

of the body wall.   C-E,  In contrast, the tumours arising from the p53R172H cells exhibit 

an infiltrative edge, with invasion of the body wall. In these photomicrographs the 

tumour can be seen invading through the muscle of the body wall (small arrows), and in 

panel C, approaching a rib (large arrow). Distinct lesions were observed having escaped 

from the main tumour (green arrows, panel E).  

Supplementary Figure 10   Western blot and quantification showing inactivation of Src 

in xenografts upon oral gavage of dasatinib. 

 

 


