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Supplementary Materials and Methods 
 
Cell culture, reagents and MTT viability assays 

All cell lines were maintained in Dulbecco’s modified Eagle’s medium containing 10% fetal bovine 

serum (Gibco Life Technologies Inc, Gaithersburg, MD) in a humidified (37 0C, 5% CO2) incubator, 

grown in 75-cm2 culture flasks, and passaged on reaching 80% confluence. Clinical grade cetuximab 

(Erbitux) was supplied by Merck Serono (Darmstadt, Germany. MTT viability assays were performed 

according to the manufacturer’s instruction (Roche, Mannheim, Germany). All experimental points were 

a result of triplicates and all experiments were repeated at least three times. 

 

HRAS mutation detection 

Purified genomic DNA (50 ng) was used as a template for HRAS fragment (exon 1 and 2), amplification 

using primer pairs as indicated in Table S1 (Supplementary data). PCR reactions were set up in a final 

volume of 20 µL containing 50 ng of genomic DNA, 12.5 µl of 2X KapaTaq ready master mix (Boston, 

MA) and 1µM of forward and reverse primers (10 µM). After 3 min of initial denaturation, the PCR 

mixtures were subjected to 35 cycles of denaturation for 30s at 95 °C, annealing for 30s at 56 °C a) and 

extension for 45 s at 72 °C. A final extension period of 3 min at 72 °C was performed to complete the 

reaction. PCR products were then purified using QIAquick PCR purification kit (Qiagen Inc., Valencia, 

CA), sequenced on Applied Biosystems 3730 Genetic Analyzer (Foster City, CA) and analyzed by using 

Sequencher v4.9 software. Results obtained were confirmed on both sense and antisense strands 
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Lentivirus mediated shRNA silencing of HRAS gene 

Lentivirus production in 293T cells was performed using the packaging plasmids pMD2.G (Addgene) and 

psPAX2 (Addgene). The sense strand of the short hairpin RNA #64 (TRCN0000033264) sequence is: 5’-

CCGGCCACCAGTACAGGGAGCAGATCTCGAGATCTGCTCCCTGTACTGGTGGTTTTTG-3’. 

The sense strand of the short hairpin RNA #65 (TRCN0000033265) sequence is: 5’-

CCGGCGGAAGCAGGTGGTCATTGATCTCGAGATCAATGACCACCTGCTTCCGTTTTTG-3’ 

For control lentivirus infections we used the MISSION pLKO.1 puro-non target shRNA plasmid 

(SHC016-1EA) that does not target any human or mouse gene. The sense strand of the control short 

hairpin sequence is: 5’-CCGGCAACAAGATGAAGAGCACCAACTCGAGTTGGTGCTC

TCTTGTTGTTTTTG-3’ 

Titrations and infections were performed as described in(50). Infected cells were cultured under 

puromycin-containing (5 μg/ml) cell culture medium for 1 week. Puromycin-resistant colonies were 

individually picked up and expanded in 25 cm2 cell culture flasks. Stable cell clones were maintained in 

DMEM supplemented with 1�µg/ml puromycin and screened for HRAS mRNA expression and protein 

levels by quantitative reverse transcription-polymerase chain reaction (qRT-PCR) and western blot 

analysis respectively. The specific shRNA sequences are available upon request. 

 

Lentivirus mediated overexpression of G12V HRAS 

Infected cells were cultured under neomycin-containing (350 μg/ml) cell culture medium for 2.5 weeks. 

Neomycin-resistant colonies were individually picked up and expanded in 25 cm2 cell culture flasks. 

Stable cell clones were screened for HRAS mRNA expression and protein levels by quantitative reverse 

transcription-polymerase chain reaction (qRT-PCR) and western blot analysis respectively. 
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Mouse breeding, Adenovirus infection, Tissue Preparation, Histology and Immunohistochemistry 

Tissues were fixed in 4% paraformaldehyde overnight, transferred to 75% EtOH and embedded in 

paraffin. Five-micrometer sections were cut and stained with hematoxylin and eosin under standard 

conditions or analyzed for expression of Cytokeratins (Dako, wide spectrum screening), c-myc(#5605, 

Cell Signaling), Cyclin D1(Dako, clone EP12), phospho-ERK  (#4376, Cell Signaling, Beverly, MA) and 

BCL-2(Dako, clone 124) by immunohistochemistry. 

 

Western blot analysis 

Cells were lysed in RIPA buffer (10 mM Tris-HCl, pH 8.0, 140 mM NaCl, 1% Triton X-100, 0.1% 

sodium dodecyl sulfate, 1% deoxycholic acid) and protease and phosphatase inhibitors (SIGMA). Protein 

concentration was measured using the BCA assay kit (BIO RAD) using bovine serum albumin as a 

standard, according to the manufacturer's instructions. The total lysates were separated by SDS-

polyacrylamide gels and blotted onto PVDF membranes (BIO RAD, Immun-BlotTM PVDF membrane). 

Immunoblotting was performed according to the antibody manufacter’s recommendations. The following 

antibodies were used: HRAS (c-20, Santa Cruz), Akt (clone C67E7, Cell Signaling), phospho-Akt Ser473 

(clone D9E, Cell Signaling), anti EGFR (clone D38B, Cell Signaling), anti phospho-EGFR Tyr1068 (Cell 

Signaling), BCL-2 (clone D55G8, Cell Signaling), Bad (clone D24A9, Cell Signaling), Elk-1 (Cell 

Signaling), phospho-Elk-1Ser383(clone 2B1, Cell Signaling), CyclinD1 (clone DCS6, Cell Signaling), c-

Myc (clone D84C12, Cell Signaling), STAT3 (clone 124H6, Cell Signaling), phospho-STAT3 Tyr705 

(clone D3A7, Cell Signaling), ERK1/2 (Cell Signaling), phospho-ERK1/2 Thr202/Tyr204 (Cell 

Signaling), CREB (clone 48H2, Cell Signaling), beta-actin (Cell Signaling). Visualization of bound 

antibodies was enhanced by chemiluminescence   (Amersham Biosciences, Freiburg, Germany).  
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 Quantitative real time RT-PCR 
 
For RNA expression analysis, total RNA was isolated using Trizol and further purified using the RNeasy 

Mini Kit (Qiagen, GmbH, Hilden, Germany) and reversely transcribed into cDNA using the iScript TM 

cDNA synthesis kit (BIO RAD ,Hercules, CA, USA) following the manufacturer’s instructions. 

Quantitative RT-PCR analysis was performed on a CFX Connect™ Real-Time PCR Detection System 

(BIO RAD, Hercules, CA, USA ) using iQTM SYBR® Green Supermix (BIO RAD, Hercules, CA, USA). 

Primers used for RNA expression analysis are listed in table S2 (Supplementary data, supplementary 

materials and methods). Results from real time PCR were normalized to expression of beta actin (ACTB). 

Fold changes were calculated after normalization to endogenous beta actin and using the comparative Ct 

method(51) 

GST-Raf-1 RBD pull-down assay 

The levels of active, GTP-HRAS were determined by GST-Raf-1RBD pull-down assay. In brief,  

107 cells lysed in ice-cold RBD lysis buffer (1% Triton X-100; 50 mM Tris-HCl, pH 7.5; 100 mM NaCl; 

10 mM MgCl2; 1 mM phenylmethylsulfonyl fluoride; 1 mM leupeptin; 0.5 mM aprotinin) were incubated 

with 20�μg GST-Raf-1 RBD - glutathione agarose beads for 1 h at 4°C. Beads were washed three times 

with lysis buffer and bound proteins were eluted with SDS sample buffer, separated by SDS-15% 

polyacrylamide gel electrophoresis and transferred to PVDF membrane. The HRAS-GTP protein levels 

were detected by immunoblotting with a specific anti HRAS antibody (c-20, Santa Cruz). GST-Raf-1 Ras-

binding domain (RBD) was from Upstate Biotechnology (#14-863) and glutathione agarose beads were 

from Thermo scientific (#16100). 

 

 

Confocal microscopy 

Cells were then incubated with an �-tubulin mouse monoclonal antibody conjugated to Alexa Fluor 488 

fluorescent dye (DM1A clone, Cell Signaling, 1:200 dilution) with 1% BSA in PBS, overnight at 4 °C in 
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a moist chamber. Cells were mounted with ProLong® Gold antifade reagent (Invitrogen) containing 

4’,6’-diamino-2-phenylindole (DAPI) to stain nuclei (Molecular Probes/Invitrogen, Carlsbad, CA), 

examined under Zeiss LSM 510 Meta laser scanning confocal microscope (MPI Freibourg, Germany) 

using 488 nm laser excitation line, and photographed. 

 

Matrigel invasion assay  

Cell invasion was evaluated in vitro with Matrigel-coated transwell chambers with 8 micron pore size 

PET membranes (BD BioCoatTM MatrigelTM , BD Biosciences, Bedford,MA) according to the protocol of 

the manufacturer. Briefly, matrigel-coated chambers were hydrated in serum-free DMEM medium or in  

serum-free DMEM medium containing cetuximab (50 nM), for 2 h and then placed in a well containing 

DMEM medium with 10% FBS that served as a chemoattractant.  

Lentivirus infected or uninfected cells were plated in duplicate at a density of 2.5 × 105 per well in a 2.0 

ml volume of serum-free medium or serum-free medium containing cetuximab (50 nM), at the top 

chamber. Cells were allowed to invade at 37 °C in a 5% CO2 incubator. After 24h, non- invading cells 

were removed with cotton swabs and  invading cells on the reverse side of the insert were fixed in 100% 

methanol and stained with 1% Toluidine Blue in 1% borax for 2 min according to the manufacturer’s 

instructions. The level of invasion was quantified by visual counting of the total cells on the underside of 

the filter. 

 

Anchorage-independent growth assay  

Anchorage-independent growth was assayed by the ability of cells to grow in soft agar. The bottom agar 

was prepared in DMEM medium containing serum and 0.7% Noble agar (Difco) in 35 mm tissue culture 

dishes.  Equal number of cells (5 × 103) were resuspended in medium containing serum and 0.4% agar 

and plated on top of the bottom agar. The cells were incubated at 37°C (5% v/v CO2) for 15 days as 

previously described(52). Colonies were stained with 0.005%w/v crystal violet and images acquired with 
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a Bio-Rad Molecular Imager Gel Doc XR. The effect of cetuximab in anchorage-independent growth of 

cell lines, was studied by adding 50nM cetuximab at the bottom and top agar. 

 

 

Statistical Methodology 

Responses were evaluated according to RECIST (Response Evaluation Criteria in Solid Tumors) 

criteria. Overall Survival (OS) was measured from diagnosis until death from any cause or date 

of last contact and Time to Progression (TTP) is defined as the time from diagnosis until 

objective tumor progression. Continuous data are presented as mean ± standard deviation, whereas 

categorical data as absolute and relative frequency. Kolmogorov-Smirnov test evaluated the assumption 

of normality. To assess the univariate differences of study parameters according to the expression of 

HRAS mutation, standard statistical procedures were used, as appropriate (Student's t-test for continuous 

data, Chi-square test for categorical data and Fisher’s Exact test for categorical data with limited number 

of frequencies).Subsequently, survival curves were generated by Kaplan-Meier analysis and tested for 

significance using the Mantel-Cox log rank test. Further on, Cox proportional hazards ratio models were 

used to explore the relationship of study parameters with overall survival and time to progression. The 

SPSS statistical package (Version 17.0, Chicago Inc.) was used to analyze the data. Significance level 

was set at p = 0.05. 
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Supplementary tables 1&2 

Oligos used in mutation analysis and qRTPCR analysis 

Table S1. Primers used for PCR amplification of HRAS fragment (exon 1 and 2) from genomic  
DNA. 

 

 

 

 

 

 

 

 

  

 

 

 

 
 
 

   

PCR Primers Primer sequence 5’-3’ Annealing 
(°C) 

PCR 
product 

(bp) 

 

   HSS1 (Forward) 
HRASR (Reverse) 

ATGACGGAATATAAGCTGGTG 
CTCCCCGGTGCGCATGTACT 

56 
56 

494 
 
 

 

Sequencing primers     
HSS2 (Forward) GGGCAAGAGTGCGCTGACCAT 60   

     
HRS2 (Reverse)  TCTCCCCATCAATGACCACCT 60   
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Table S2. Primers used for qRTPCR analysis 

 

 

 

  Primer sequence 5’-3’ Annealing (°C)
 BCL-XL   
1 BF GATCCCCATGGCAGCAGTAAAGCAAG 60 
2 BR CCCCATCCCGGAAGAGTTCATTCACT  
 c-myc   

3 MF AATGAAAAGGCCCCCAAGGTAGTTATCC 60 
4 MR GTCGTTTCCGCAACAAGTCCTCTTC  
 CyclinD1   

5 CF CCGTCCATGCGGAAGATC 60 
6 CR GAAGACCTCCTCCTCGCACT  
 beta actin   
7 betacF TCACCCACACTGTGCCCATCTACGA 60 
8 betacR CAGCGGAACCGCTCATTGCCAATGG  
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