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Supplementary Methods

Overview: High-Density SNP Arrays for Cancer Genome Mapping.  SNP arrays manufactured by Affymetrix, Inc. contain oligonucleotide probes tiled to detect the two alleles of a given SNP locus.  These arrays contain 40 independent probes directed against each SNP locus to be queried (including 10 perfect match (pm) and 10 mismatch (mm) oligonucleotides complementary to both the A and B SNP alleles).   The patterns of target genomic DNA hybridization to each SNP probe set allow for determination of the genotype at that locus1.  For example, strong hybridization to the pmA allele and background signal on the remaining probes indicates a homozygous A call, while hybridization to both pmA and pmB probes denotes heterozygosity, etc. 

Although originally designed for comprehensive genetic association studies, high-density SNP arrays also constitute an optimal platform for cancer genome mapping.  Determination of allele status across cancer genomes provides a basis for large-scale loss-of-heterozygosity (LOH) analysis, even when matched normal samples are unavailable (R. Beroukhim, M. Lin, et al., manuscript submitted).  In addition, the allele-specific signal intensity for each probe set may be summed following array normalization to provide copy number information.  The high marker density and probe redundancy characteristic of current generation SNP arrays provides a resolution that exceeds that of many other genome mapping platforms.  The Affymetrix 100K array, for example, affords a mean inter-marker distance of 24 kb.  However, these arrays contain few SNPs from gene-poor regions near centromeres and telomeres; thus, the median inter-marker distance of 8.5 kb may represent the functional 100K array density more accurately.  The capacity for high-density genotyping and copy number determination makes the 100K SNP array a versatile platform for cancer genome analyses.

SNP Array Hybridization.  This study utilized pre-release CentHindTM and CentXbaTM SNP arrays (Affymetrix, Inc., Santa Clara, CA) containing probe sets for more than 120,000 SNP loci derived from all human chromosomes (except the Y chromosome).  500 ng of genomic DNA from each cell line was used to prepare probes for array hybridization according to the manufacturer’s instructions (http://www.affymetrix.com).  Briefly, 250 ng genomic DNA was digested with XbaI or Hind III, ligated to an adapter, and amplified by PCR.  Amplified products were fragmented, labeled by biotinylation, and hybridized to the CentHind TM (HindIII-digested) and CentXba TM (XbaI-digested) arrays.  After washing, the arrays were incubated with a streptavidin-phycoerythrin conjugate to enable detection of hybridized fragments and scanned using a GCS3000 scanner (Affymetrix).  SNP calls and signal quantification were obtained with Gene Chip Operating System 1.1.1 and Affymetrix Genotyping Tools 2.0 software.  Target generated from NCI60 genomic DNA gave good-quality array hybridizations with mean call rates of 87.4% on the CentXbaTM array and 84.5% on the CentHindTM arrays (diploid control call rates were consistently >90%).  Three NCI60 cell line pairs were found to exhibit high genotypic concordance in our analysis: M14 and MDA-MB435 (97.5% concordant); ADR-RES and OVCAR-8 (99.4% concordant); and SNB-19 and U251 (97.2% concordant).  

SNP Array Data Normalization and Modeling.  Data files corresponding to each SNP array were processed within dChipSNP, a bioinformatics tool that facilitates LOH and copy number analysis 2 (available at www.dchip.org).  First, array data was normalized by an invariant set method, such that probe intensities were adjusted to a baseline array ‘RefDNA.’  Next, a model-based method was employed to obtain signal values for each SNP, as described previously3.  Briefly, probe intensities were defined as pmA + pmB and mmA + mmB for perfect match and mismatch probe sets, respectively.  A perfect match/mismatch difference model was then applied to probe-level data to compute signal values.

Copy Number Determination.  Raw copy number values for each SNP were determined by an algorithm described previously3.  Signal values described above were first averaged amongst a set of five normal samples to determine the mean diploid signal for each SNP.  The observed (or raw) copy number was then defined as: (observed signal/mean diploid signal)*2.  Genome-wide raw copy number data was viewed within dChipSNP by red/blue or white/red color scales.  These raw copy number values do not allow direct determination of the absolute ploidy in a given sample; however, their ratios compared to a 2-copy reference provide high-quality relative copy information within and across samples3.  Inferred (integer-based) copy numbers were derived from the raw data using a Hidden Markov Model, as described previously3.  

Supervised analysis of NCI60 gene expression data based on 3p13-3p14 amplification.  Supervised analysis of gene expression data was first applied to cancer biology as a tool for tumor classification5.  In this approach, the gene expression values from a microarray analysis are sorted such that the relevant genes align with pre-defined tumor classes according to their degree of statistical correlation.  This approach is commonly used to develop a gene expression signature that may be used to predict whether a sample belongs to a particular class.  Such signatures are particularly useful when the class distinction of interest has no known molecular correlate (e.g., classes defined by prognostic criteria such as disease recurrence or response to therapy6).

Here, supervised analysis was used to define genes statistically associated with a genomic lesion (3p amplification) identified by high-density SNP array analysis of the NCI60 sample set.  Thus, the presence or absence of copy gain at 3p13-3p14 constituted the class distinction in our study.  Rather than define a gene expression signature predictive of 3p amplification, the goal of this analysis was to determine whether any gene(s) highly expressed in this class might be identified as a putative oncogene targeted by 3p amplification.

NCI60 gene expression data was generated by the Genomics Institute of the Novartis Foundation (GNF, LaJolla, CA; see text) on the Affymetrix U95v2 array platform (www.affymetrix.com).  The Institute for Genomic Research MultiExperiment Viewer (TIGR-MeV) software platform version 2.07 was used for this approach.  Following supervised analysis (described in Methods), a total of 24 genes located on chromosome 3 remained significantly associated with the 3p amplification class following standard Bonferroni correction to correct for multiple hypothesis testing8.   In total, 543 probe sets present on the U95 arrays derive from genes on chromosome 3.  In contrast, 12 known or predicted genes are present within the “core” amplicon defined by the MALME 3M cell line (see text) according to the NCBI Map Viewer (www.ncbi.nlm.nih.gov), of which 5 are interrogated by the U95 array platform.  

Quantitative, Real-Time PCR.  Quantification was based on standard curves using normal human genomic DNA.  Each target locus was compared to a LINE-1 reference to obtain copy number per haploid genome, as described elsewhere3.  Target copy number values were also normalized to a calibrator sample of normal genomic DNA as described previously3.  Mean (Fig. 2c) or median (Fig. 2a) copy number values derived from triplicate experiments are presented (median versus mean values did not differ significantly; data not shown).  Primers were designed using Primer3 (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi) as reported previously3.  PCR reactions were performed in a reaction mix supplied by Applied Biosystems, using 300 nM primers and 0.2 ng/μL genomic DNA.  PCR conditions included one cycle at 50°C for 2 min; one cycle at 95°C for 10 min; and 40 cycles of 94°C/15 sec, 56°C/30 sec and 72°C/34 sec.  A melting analysis was carried out following PCR to monitor amplicon specificity.  Primer sequences are reported in Supplementary Table 1.  A tumor sample was considered amplified at a given locus if the DNA copy number was > 4 based on quantitative PCR.

BRAF(V600E) Allele-specific PCR.  Measurement of BRAF(V600E) mutation in NCI60 melanoma cell line genomic DNA was performed using the 2-DDCt method9.  Comparison was made to a LINE-1 reference and normalized to normal human genomic DNA.  Primers were designed to selectively amplify DNA containing a T-to-A transversion at nucleotide position 1796 in the BRAF coding sequence; sequences are provided in Supplementary Table 1.    PCR reactions volume, mix, primer and DNA concentrations were as described above.  Cycling conditions included one cycle at 50ºC/2 min; one cycle at 95ºC/10 min; and 40 cycles of 94ºC/15 sec and 60ºC/1 min, followed by a melting analysis as described above.  Results are presented in Supplementary Table 2.

Genotyping Assay for BRAF(V600E) Mutation Detection.  BRAF(V600E) mutation in NCI60 melanoma cell lines was also determined by genotyping using single base extension and mass spectrometry analysis (MassArray(, Sequenom, Inc.).  The detailed protocol is available at: http://www.hapmap.org/downloads/assay-design_protocols.html.  Primer sequences are presented in Supplementary Table 1; results are presented in Supplementary Table 2.

Clinicopathologic Correlations.  Specimens from 179 melanoma patients (19 primary cutaneous melanomas and 160 metastatic melanomas) were assessed by interphase FISH analysis as described above.  The specimens were retrospectively and serially collected from the Yale University Department of Pathology Archives between 1959 and 2002 and assayed in tissue microarray format as described previously10.  Correlation between MITF status and clinico-pathologic parameters was determined using χ-square analysis for nominal variables and t-test for continuous variables (i.e., Age, Breslow depth).  To assess the independent predictive value of MITF amplification in the metastatic lesions, we also performed multivariate analyses using the Cox proportional hazards model.  We included Breslow depth of the primary lesion, age, gender, and MITF status; however, the Breslow depth was not available on many of the lesions.  MITF amplification status did not maintain independent prognostic significance in the limited remaining samples.  

Automated Quantitative Analysis (AQUATM) of MITF Protein.  The melanoma tissue microarray (see text) was stained with anti-MITF monoclonal antibodies and subjected to AQUA analysis as described elsewhere10,11.   In brief, the slide was deparaffinized with xylene and washed with ethanol.  Antigen retrieval was performed in 6.5 mmol/L sodium citrate (pH 6.0) under pressurized conditions; the slide was washed with Tris-buffered saline (TBS), and incubated in 0.3% BSA/1x TBS for 30 minutes at room temperature.  Next, the slide was incubated with primary antibodies [(mouse anti-MITF, clones C5+D5, prediluted, 08-8369, Zymed, San Francisco, CA) plus (rabbit anti-S100 protein, 1:6000, DAKO Corporation, Carpinteria, CA)] overnight at 4ºC.   Alexa 546-conjugated goat anti-rabbit secondary antibody (1:100, Molecular Probes, Eugene, OR) diluted in Envision anti-mouse (neat; DAKO) was then applied for 1 hour at room temperature.  4',6-Diamidino-2-phenylindole (DAPI) was included with the secondary antibodies to visualize nuclei.  After washing, the slide was incubated with Cy5-tyramide and sealed by coverslip.  Histospots were identified within the tissue microarray by analysis of low-resolution DAPI staining and captured through an Olympus BX51 microscope with automated x, y, z stage movement.  An Olympus Motorized Reflected Fluorescence System and software (IP lab v3.54, Scanalytics, Inc.), equipped with a Cooke Sensicam QE High Performance camera was used for image capture.  Monochromatic, high-resolution (1024 x 1280 pixel, 0.5-micron resolution) images were obtained of each histospot, and areas of tumor were distinguished from stromal elements by creating a tumor mask from the S100 protein signal (visualized under the Alexa 546 fluorophore).  DAPI images were then subjected to RESA (rapid exponential subtraction algorithm)11 to improve the signal-to-noise ratios and define the nuclear compartment.  Finally, the signal intensity of the MITF target antigen was acquired under the Cy5 signal and scored on a scale of 0-4095.  As MITF is a nuclear protein, analyses were limited to the AQUA score within the nuclear compartment.

Adenoviral vector construction.  A cDNA encoding human MITF but lacking the 5' transactivation domain (dominant negative MITF) was generated by PCR amplification and cloned into the BamHI/EcoRI sites of pcDNA3.1 (Invitrogen).  The resulting construct included a HA-tag 5' to the basic-region of MITF.  Next, a R218 deletion was introduced via site-directed mutagensis using the QuickChange-method (Stratagene) according to the supplier's recommendations.  This yielded HA-5'trdel MITF, which was subsequently cloned into the HindIII/EcoRV sites of pShuttle-CMV12.  Recombinant AdEasy adenovirus expressing HA-5'trdel MITF were generated and purified as previously described12.

Preparation and Retroviral Infection of Primary Melanocytes.  Primary human neonatal melanocytes were isolated from discarded foreskins by gentle dispase treatment and established by growth in Ham’s F10 supplemented with 7% FBS, penicillin/streptomycin/glutamine, 0.1mM IBMX, 50ng/mL TPA, 1µM Na3VO4 and 1µM dbcAMP.  These melanocytes were retrovirally transduced by three sequential infections (1 infection/day) of HEK293/EBNA packaged pBABE-hygro-hTERT (gift from R. Weinberg) in combination with pLNCX2-CDK4(R24C), followed by antibiotic selection and culture for extended period of time (>52 weeks).  The resulting polyclonal populations of PMEL/hTERT/CDK4(R24C) cells were then infected with pBABE-puro-p53DD (a dominant negative p53 variant13; gift from W. Hahn), and subsequently selected to yield PMEL/hTERT/CDK4(R24C)/p53DD cells.  

Growth factor autonomy and soft agar assays.  For the growth factor independence experiments, hTERT/CDK4(R24C)/p53DD melanocytes (200,000 cells per well in a 6-well plate) were infected with the retrovirus pBABE-zeo-BRAF(V600E) together with the retrovirus pWZL-blast (empty vector) or pWZL-blast-MITF, and selected by growth-factor deprivation in Ham’s F10 media supplemented with 10%FBS and penicillin/streptomycin/glutamine.  Retroviral infections were performed for 2 hours on cells in suspension in medium containing 8 µg/ml polybrene.  No observable cytotoxicity was associated with retroviral infection in hTERT/CDK4(R24C)/p53DD melanocytes.  The efficiency of retroviral transduction ranged from 20-30% (data not shown).  In all cases, cell death was observed under the selective pressure of growth factor independence; thus, this assay measured differential outgrowth of the surviving population.  For the soft agar assays, colonies were defined as clusters of >100 cells.  

Pharmacologic Data Analysis.  Pharmacologic data (–LOG10[GI50]) for 42,796 compounds was downloaded from the following website: http://dtp.nci.nih.gov/docs/cancer/cancer_data.html.  Each compound was represented by a NSC number; however, many compounds contained multiple GI50 entries for each NSC number.  In these cases, the entry with the largest number of replicate experiments was retrieved.  In cases where multiple NSC entries had the same number of replicates, the entry with the largest mean (-LOG10[GI50]) value for the entire data set was arbitrarily selected.  These selection criteria yielded a matrix containing a single (-LOG[GI50]) value for each NSC number, except for individual compounds/cell lines cases where data did not exist.  The compounds were then filtered to exclude those that contained incomplete data for the 8 melanoma cell lines.  This resulted in 19,666 compounds that were used for subsequent analyses.

We divided the NCI60 into two classes based on MITF copy gain (as measured by SNP arrays) and performed supervised analysis, in this instance using the GI50 data (drug concentration inhibiting cell growth by 50%) from over 19,000 filtered compounds.  We next determined the number of compounds for which the mean GI50 differed significantly (e.g., p < 0.01) within the 3p-amplification class compared to the remaining non-melanoma NCI60 lines.  For a given compound, the mean GI50 and corresponding p value for each class difference was obtained following 500 random permutations of class labels.  Compounds exhibiting invariant GI50 values were not subjected to permutation; instead, these were excluded prior to any experimental comparison.  This analysis yielded 270 compounds for which the mean GI50 was elevated significantly (p < 0.01) in the 3p amplification.  By chance, one would expect a median = 35 compounds and mean absolute deviation (MAD) = 39.7 within this dataset.  
The same analysis using just the melanoma cell lines is restricted by the limited number of total permutations possible with only eight samples.  Therefore, we also calculated asymptotic p values for the difference in mean GI50 for the 19,666 compounds between the 3p-amplified (6 samples) and non-amplified (2 samples), as well as all possible 6-sample/2-sample permutations within this subset (28 total permutations).  The number of compounds with a significantly elevated mean GI50 for each 6-sample class was then used to create a rank list of permutations.  The actual 3p-amplified class ranked 5th out of 28, or higher than 80% of all possible permutations.
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