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METHODS AND MATERIALS. 

 

Cell lines and reagents. A375 and Colo829 cells were from the ATCC. Cells were 

cultured in Dulbecco’s modified Eagle’s Medium (DMEM) or RPMI both 

supplemented with 10% FBS and 1% penicillin/streptomycin. A375 and Colo829 cells 

were cultured in increasing concentrations of PLX4720 (from 0.1-2 μM) to generate 

resistant clones (A375/R and Colo829/R respectively). Cells able to grow in the 

continued presence of 2 μM of PLX4720 emerged after ~2 months of culture. To 

generate resistant cell lines from in vivo models, 2.5x106 A375 cells were injected 

subcutaneously into nude mice and the mice were treated with either vehicle or 

PLX4720 (25 mg/kg/day p.o.) for ~2 months until the tumors stop responding. The 

A375(X) and A375(X)R cells were established by collecting the subcutaneous 

tumours in sterile PBS on ice followed by mechanically dissociating of tumours in 

DMEM. Both in vitro and in vivo resistant lines were maintained in the continuous 

presence of 2 μM PLX4720, supplemented every 72 hr.  

 

In vitro invasion assays. These were performed as described (1). Briefly, 1 x 104 

cells in 100µL serum-free collagen I at 2.3 mg/ml were dispensed into 96-well 

ViewPlates (Perkin-Elmer) coated with bovine serum albumin. The cells were 

sedimented at 300x g and incubated at 37°C/10% CO2 for 60 min to coagulate the 

collagen, then overlaid with DMEM/10% FBS. After 18 hr, cells were fixed in 

formaldehyde (4%) and stained with 10 mg/ml Hoechst 33258 (Invitrogen). Confocal 

Z sections were collected at the bottom of well and at 45µm using an INCELL3000 

high-content microscope. Nuclear staining was quantified with INCELL3000 software 

with the Object Intensity module. Invasion indices are [cells at 45µm]/[cells at 1μm]. 

Means of triplicate samples are presented as fold compared to appropriate controls. 
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Histology and immunohistochemistry (IHC). Tumors were formalin-fixed and 

analyzed as previously described (2) and subsequently stained with hematoxylin and 

eosin, ppSFK Y416 (44660G, Invitrogen), pEGFR Y1068 (D7A5, Cell Signalling) and 

HMB45 (ab732, Abcam). Sample preparation for HMB45 staining was performed 

with retrieval (Na-citrate pH6.0). Positive and negative controls were included in each 

experiment. Pattern of staining for ppSFK (Fig. 2G) was scored as membranous, 

cytoplasmic, or mixed membranous-cytoplasmic. Intensity of ppSFK staining was 

scored in primary tumours from the xeno-tumors in NOD-SCID mice after drug 

treatment (Fig. 4C) as 0, absent; 1, low-moderate intensity; 2 high intensity.  

 

Tissue, cell lysates and immunoblots. Cell lysates were prepared with NP40 

buffer containing 5% b-mercaptoethanol, 150mM NaCl, 50mM Tris pH 7.5, 2mM 

EDTA pH 8, 25mM NaF and 1% NP- 40, protease inhibitors (Complete, Roche), 

Phosphatase Inhibitor Cocktails II and III (Sigma). All lysates were freshly prepared 

and resolved by SDS gel electrophoresis and followed by western blotting. Primary 

antibodies used are as follows: p-EGFR (Y1068), EGFR, pAKT (S473), ATK1/2, 

pSRC (Y416), pSTAT3 (Y705), STAT3, LYN (Cell Signalling Technology); ERK2 

(Santacruz) and tubulin and p-ERK1/2 (T202/Y204) (Sigma). Specific bands were 

detected using fluorescent-labeled secondary antibodies (Invitrogen; Li-COR 

Biosciences) and analyzed using an Odyssey Infrared Scanner (Li-COR 

Biosciences).  

 

RNA Interference. Subconfluent cells in serum-free medium were transfected with 

20 nM of predesigned human Src, Fyn and Scrambled siRNA (SMARTPool, 

Darmakon) in Lipofectamine 2000 reagent (Invitrogen) as recommended by the 

manufacturer. After 5 h of transfection, cells were washed twice with PBS, and 

medium was changed to growth medium, followed by another incubation period of 48 

h before the invasion assays. 
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Antibody Arrays. To identify the relative levels of phosphorylation of RTKs and 

selected proteins we used a human phospho-RTK array kit and human phospho-

kinase array kit (ARY001 and ARY003; R&D Systems). Levels of phosphorylated 

proteins (300 μg per sample) were analyzed in cell lysates according to the protocol 

provided by the manufacturer. The arrays were analyzed and quantified by using 

ImageJ soft- ware (3). 

 

ELISA. Levels of secreted EGF on melanoma cells were determined by ELISA. The 

48 h serum-free conditioned media of A375, A375/R, A375(X), A375(X)/R, Colo829 

and Colo829/R were harvested and EGF was detected according to the 

manufacturer’s protocol (Invitrogen). Three independent experiments were 

performed. 

 

MIG6 pSER-Immunoprecipitation. Cells were harvested in lysis buffer consisting of 

20 mM Tris (pH 7.4), 150 mM NaCl, 1% Nonidet P-40, 10% glycerol, 1 mM EDTA, 5 

mM sodium pyrophosphate, 50 mM NaF, 10 mM β-glycerophosphate, 1 mM sodium 

vanadate, 0.5 mM DTT, 1 mM PMSF, and 1× Protease Inhibitor Mixture (Roche). 

One to 1.5 mg of total protein was incubated with 1 μg of MIG6 (D-1, Santa Cruz 

Technologies) and Protein A agarose (GE) at 4 °C overnight with rocking. 

Immunoprecipitation complexes were eluted by boiling in SDS loading buffer and 

resolved on NuPAGE 4–12% Bis-Tris gels (Invitrogen) for immunoblotting analysis. 

 

Short-term growth inhibition assays. Cultured cells were seeded into 96-well 

plates (2,000 cells per well). Twenty-four hours after seeding, serial dilutions of 

PLX4720, dasatinib or saracatinib were added to the culture. Cells were then 

incubated for 72 h and cell viability was measured using the CellTiter-Glo viability 
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assay (Roche). Relative survival in the presence of drugs was normalized to the 

untreated controls after background subtraction. 

 

Long-term cell proliferation assays. Cells were seeded into 6-well plates (5x104 

cells per well) and cultured both in the absence and presence of drugs as indicated. 

Assays were performed independently at least three times and average results are 

represented in Fig. 1I. 

 

Mouse xenografts and in vivo drug studies. All procedures involving animals were 

approved by the Animal Ethics Commit- tees of the Institute of Cancer Research in 

accordance with National Home Office regulations under the Animals (Scientific 

Procedures) Act 1986 and according to the guidelines of the Committee of the 

National Cancer Research Institute (4). Nude mice were injected subcutaneously 

with 5 x 106 A375X)/R cells. Tumors were allowed to establish for 7 days, size 

matched, and allocated to groups of six animals. Treatment was by oral gavage daily 

with vehicle (5% DMSO, 5% sodium citrate 80 mM, 90% water), 75 mg/kg dasatinib, 

25 mg/kg PLX4720, gefitinib 50 mg/kg or the last two together. Tumor size was 

determined by caliper measurements of tumor length, width, and depth, and volume 

was calculated as volume = 0.5236 x length x width x depth (mm). 

 

Lung colonization assay. Two groups of 6 six-week-old female nude mice were 

placed in a tail vein injector and restrainer, the heated tail was cleaned with an 

alcohol swab, and 105 cells of A375(X) or A375(X)/R in 100 μl of sterile PBS were 

injected into the tail vein. A375(X)-injected animals received vehicle while A375(X)/R 

received PLX4720 (25 mg/kg) daily by orogastric gavage. After ~3 months, mice 

were killed, and their lungs were harvested for paraffin embedding, and histologic 

examination after hematoxylin and eosin staining. The total number of lesions per 

lung was determined by counting under a light microscope. Six animals were 
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included in each group. 

 

Patient’s sample. Fresh tissue was collected immediately following surgery into 

DMEM substituted with 2% FBS, 50ug/ml Gentamicin and 12.5 μg/ml of Fungizone 

and transported at room temperature. The tissue was transferred into a sterile petri 

dish containing DMEM only and washed. Necrotic parts of the tumour were removed 

and a 5x5x5 mm piece was implanted subcutaneously in the flank of a NOD-SCID 

mouse. When the tumour reached 1.5 cm in size, it was excised, and viable tissue 

dissected into 5 mm cubes and transplanted into additional mice using the same 

procedure. Genomic and histological analyses had confirmed that the tumours at 

each point were derived from the starting material. Following transplantation, 

tumours were allowed to grow to ~200 mm3 before initiation of treatment by daily 

oragastric gavage of dasatinib (75 mg/kg) or vehicle for 30 days. 

 

Phosphoproteomics. A SILAC strategy (5) was used for quantitative 

phosphoproteome analysis. Briefly, phosphopeptides were prepared by TiO 

enrichment and HILIC fractionation. Analysis was performed by nanoflow capillary 

reversed-phase LC on an Eksigent NanoLC-Ultra 2D with a cHiPLC-nanoflex system 

(Eksigent) coupled to an LTQ Orbitrap Velos mass spectrometer (Thermo Fisher 

Scientific). Data analysis was processed in Proteome Discover v1.3 software 

(Thermo) with Mascot v2.2 search engine (Matrix Science) and Swissprot human 

database (201204 version; 17559 sequences and 138354556 residues). Lyophilized 

peptide digests (500 µg) were resuspended in 1 mL binding buffer composed of 80 % 

acetonitrile (ACN)/5 % trifluoroacetic acid (TFA)/1 M glycolic acid. Titanium beads 

(TiO2) (5 µm particle; GL Sciences Inc.) were washed in 100 % ACN prior to 

incubation and a 3 mg suspension added to the peptide solution for incubation under 

gentle mixing for 10 min at room temperature. The beads were collected by 

centrifugation and the supernatant was collected and incubated with 2 mg TiO2 bead 
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suspension. This step was repeated for three successive binding events. The TiO2 

beads from each binding event were washed for 2 minutes under gentle mixing in 

500 µL of binding buffer, in 80 % ACN/1 % TFA and in 10 % ACN/0.2 % TFA. TiO2 

beads were dried and phosphopeptides were eluted in 80 µL of 1 % ammonium 

hydroxide (NH4OH) (pH 11) for 10 min. The eluent was collected and acidified with 

20 µL of 100 % formic acid (FA) and 5 µL of 10 % TFA. The elution step was 

repeated from each round of purification and all eluates pooled. Samples were finally 

desalted by microcolumns prepared in-house. Briefly, Oligo R3 reversed phase 

beads (Applied Biosystems) was packed into the end of GELoader pipette tips after 

constricting the tip ends. Sample loading, washing and elution were performed by 

pipetting onto the top of the resin and applying air pressure with a 1 mL syringe to 

generate low flow through the column. Columns were packed in 100 % ACN to 2 cm 

column length. The columns were then equilibrated with 35 µL of 0.1% TFA prior to 

sample loading. Trapped peptides were washed with 35 µL of 0.1 % TFA and then 

eluted twice with 35 µL of 50 % ACN/0.1 % TFA. The eluates were pooled and 

lyophilised.  

 

Hydrophilic Interaction Chromatography. Chromatographic separations were 

performed on an Ultimate 3000 HPLC system (Thermo Scientific) with either a 2.1 x 

150 mm (3 μm) or 4.6 x 250 mm (5 μm) TSKgel Amide-80 column (Tosoh 

Biosciences). Lyophilized samples were resuspended in 100 μL of 80 % ACN prior to 

injection. Samples were loaded in 90 % solvent B (90 % ACN/0.005 % TFA). Solvent 

A consisted 0.005 % TFA and solvent C of 0.04 % TFA. For phosphopeptide 

fractionation with the 2.1 x 150 mm TSKgel Amide column, a gradient consisting of 

100 % B held for 3 min followed by 90 % B in 2 min then 70 % B in 20 min and finally 

to 20 % B in 10 min while solvent C increased from 0 to 20 %. Sixteen 300 μL 

fractions were collected between 12 min and 44 min and lyophilized for LC-MS 

analyses. For global peptide fractionation with the 4.6 x 250 mm TSKgel Amide 
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column, a gradient consisting of 90 % B held for 20 min followed by 90 % B to 85 % 

B in 5 min then 85 % B to 60 % B in 30 min and finally 65 % B to 0 % B in 5 min was 

used. Twenty three 2 mL fractions were collected between 25 min and 75 min and 

lyophilized for magnetic titanium bead enrichment of phosphopeptides (ReSyn 

Biosciences). 

 

Liquid Chromatography Tandem Mass Spectrometry (LC-MS/MS). Analysis of 

tryptic phosphopeptides was performed by nanoflow capillary reversed-phase LC on 

an Eksigent NanoLC-Ultra 2D with a cHiPLC-nanoflex system (Eksigent) coupled to 

an LTQ Orbitrap Velos mass spectrometer (Thermo Fisher Scientific). Samples were 

resuspended in 0.1 % FA and sample acquisitions performed using a ‘trap and elute’ 

configuration on the NanoFlex system. The trap column (200 µm x 0.5 mm) and the 

analytical column (200 µm x 15 cm) were packed with ChromXP C18-CL 3 µm 120 Å.  

Samples were loaded at a flow rate of 5 µL/min for 5 min and eluted from the 

analytical column at a flow rate of 300 nL/min in a linear gradient of 5 % solvent B 

(ACN, 0.1 % FA) to 30 % B in 120 min. The mass spectrometer was operated in the 

data-dependent mode to automatically switch between Orbitrap MS and MS/MS 

acquisition. Survey full scan MS spectra (from m/z 400-2000) were acquired in the 

Orbitrap Velos with a resolution r = 30,000 at m/z 400 (after accumulation to a target 

value of 1e6 in the linear ion trap). The top 10 most intense ions with charge states 

≥2 were sequentially isolated (width 1.3 Th) to a value of 3e4 and fragmented in the 

higher energy collision dissociation (HCD) cell. Normalised collision energy was set 

at 42 % and the resulting fragments were detected in the Orbitrap with a resolution r 

=7,500. The ion selection threshold was 2,000 counts and the maximum allowed ion 

accumulation times were 500 ms for full scans and 400 ms for HCD. The dynamic 

exclusion width was set at 5 ppm with one repeat (8 sec) and duration of 60 sec. 
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Bioinformatics. For peptide identification, raw data files produced in Xcalibur 

software (Thermo Scientific) were submitted for processing in Proteome Discover 

v1.3 software (Thermo) with Mascot v2.2 search engine (Matrix Science) and 

Swissprot human database (201204 version; 17559 sequences and 138354556 

residues). The following Mascot search parameters were used: precursor mass 

tolerance was set at 10 ppm; fragment mass tolerance, 0.6 Da; trypsin missed 

cleavage, 2; static modifications, carbamidomethylation (C); variable modifications, 

oxidation (M), deamidated (NQ), phosphophorylation (STY), arginine 13C6 (R6), 

arginine 13C6
15N4 (R10), lysine 2HD4 (K4), lysine 13C6

15N2 (K6). Peptide sequence 

matches (PSMs) were filtered with a mascot significance threshold of ≤ 0.05, peptide 

maximum rank = 1 and pRS phosphorylation site probabilities ≥ 85 % 

(PhosphoRS2.0). The false discovery rate (FDR) was set to q-value ≤ 0.01 

(Percolator) for peptides. 
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