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Supplementary Methods 

 

Analyses on TILs 

Initial screening to detect CD8
+
 T cells in TIL#1 recognizing mutant antigens: Panels of p-MHC 

multimers were generated by coupling each p-MHC complex to a defined combination of two out 

of eight different fluorescent streptavidin (SA) conjugates (Invitrogen, Carlsbad, CA, USA). Cells 

were stained with the p-MHCmultimers for 15 min at 37 degrees. Subsequently, cells were stained 

with 0.5 μl LIVE⁄DEAD® Fixable Violet Dead Cell Stain Kit together with anti-CD8 antibody 

(AF700 conjugated) and a dump channel including antibodies for CD4, CD14, CD16 and CD19 (all 

conjugated to FITC) for 20 min at 4 degrees. Data acquisition was performed on an LSR-II flow 

cytometer (BD biosciences, San Diego, CA, USA) with FacsDiva software. 

Co-inhibitory molecules on tumor-antigen specific T cells: standard staining with p-MHC 

multimers (produced in house) was carried out at 37 degrees before staining with LIVE⁄DEAD® 

Fixable Near-infrared Dead Cell Stain Kit (Thermo Fisher, Hvidovre, Denmark) and surface 

antibodies recognizing CD4, CD8 and the co-inhibitory molecules PD-1, LAG-3 (Thermo Fisher), 

TIM-3. Cells were acquired on a BD FACS Canto II, and data initially analyzed with FlowJo 9.7.1 

(FlowJo LLC, Ashland, OR) where Boolean combinatorial gates for co-inhibitory molecules were 

applied to multimer-positive cells. Data were exported into Pestle 1.7 (courtesy of Dr. Mario 

Roederer, ImmunoTechnology Section, VRC/NIAID/NIH, Bethesda, MD, USA) and formatted, 

according to the manufacturer’s instructions. Presentation of distributions was performed using 

Simplified Presentation of Incredibly Complex Evaluations (SPICE) version 5.3, downloaded from 

http://exon.niaid.nih.gov (1). In SPICE, thresholds were set at 0.1. 

 

Analyses on cancer cells 

Flow cytometry and cell growth: standard staining with surface (PD-L1, HLA-ABC or NG2/MPG) 

or intracellular (Ki-67) antibodies (all obtained from BD Biosciences) was carried out on 

trypsinized tumor cells in exponential growth and cells were analyzed with a FACS Canto II within 

30 minutes. Doubling time was calculated after counting cells in exponential growth in a 

hemocytometer at time zero and +72 hours.  

In vivo tumor growth: The animals used for in vivo experiments were protected in accordance with 

http://exon.niaid.nih.gov/
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Directive 86/609/EEC. The animal studies were carried out in accordance to local guidelines and 

approved by the local Institutional Animal Care and Use Committee, and kept under standard 

laboratory conditions in individually ventilated cages with free access to food and water. Briefly, 

2.5x10
6
 tumor cells from either Mel#1 or Mel#2 respectively, were injected subcutaneously on the 

left flank of fully immunocompromised NOG mice (Taconic, Denmark). Tumor growth was 

measured every 2-3 days and mice were euthanized when tumors reached unacceptable size (~ 12 

mm of diameter).  

Whole exome sequencing, RNA sequencing and neo-antigen prediction (referred only to the initial 

screening to detect CD8
+
 T cells recognizing mutant antigens in TIL#1): DNA libraries were 

prepared using the Illumina TruSeq DNA library preparation kit.  Resulting gDNA libraries were 

enriched for exonic sequences using the Agilent Sure Select Human All Exon 50Mb Target 

Enrichment system.  Sequencing was performed on a Illumina HiSeq2000 instrument (75bp paired-

end reads), according to the manufacturer’s instructions. Reads were aligned to the human reference 

genome GRCh37 using BWA version 0.5.10(2). The aligned reads were deduplicated using 

Picard(3) and realignment around indels was performed using GATK toolkit(4). Somatic single 

nucleotide variants (SNV) were called using Somatic-sniper(5) and filtered using a somatic score 

cut-off > 34 and a minimum of 4 reads in both tumor and control. Somatic indels were called using 

the GATK somatic indel detector and filtered using a minimum variation frequency of 25% and 

having at least 5 reads showing the indel. Germ-line variants in the vicinity of detected somatic 

variants were identified using Samtools(6) and filtered using minimum coverage and minimum 

number of alternate reads of 10  and 6 reads, respectively. SNPeff(7) was then used to predict the 

effect of all variants on the Ensembl gene build version 65. Using a custom perl script and the 

Ensembl API, coding variants were edited into the cDNA sequence and subsequently translated into 

protein sequence. These protein sequences were separately generated for normal (only germline 

variants) and tumor samples (germline variants and tumor specific mutations). For RNA 

sequencing, Poly-A selected RNA libraries were then prepared, using the TruSeq RNA library 

protocol (Illumina, San Diego, CA, USA), and the resulting libraries were sequenced on an Illumina 

HiSeq2000 using 51bp paired-end reads. Reads were aligned to human reference genome GRCh37 

using Tophat 1.4(8). Expression values were calculated as FPKM using Cufflinks(9). Putative neo-

antigens were identified in the following way: amino acid stretches of 39 aa with the mutated amino 

acid at position 19 were used to perform predictions of proteasomal cleavage (NetChop(10)) and 

MHC class I binding (NetMHC3.2(11,12)).  For those mutations located within 19 amino acids 
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from the N- or C-terminus of the protein, shorter fragments were used. Potential neo-epitopes were 

selected by applying the following peptides were selected; 1) those epitopes that contain the 

mutated amino acid; 2) epitopes derived from a gene with FPKM values > 0; 3) epitopes with a 

predicted C terminal cleavage probability of > 0.5; 4) epitopes with a predicted binding affinity of 

<17,100 nM, <7,650 nM, <900 nM and <13,250 nM for the HLA-A*01:01, HLA-A*03:01, HLA-

B*15:01 and HLA-B*40:01 alleles, respectively. These cut-offs were chosen such that per 100 

mutations, a total of 35 peptides/allele (a sum of 9-, 10- and 11-mers) are included in the screen, a 

number based on predictions using a model set of mutations. As there is little known about the 

importance of binding affinity over RNA expression, this loose threshold is used. A total of 331 

predicted epitopes/allele (9-, 10- and 11 mers) were used to perform T cell analyses.  

Whole exome sequencing, RNA sequencing and neo-antigen prediction (all other data): whole 

exome sequencing libraries were prepared using Illumina TruSeq Exome Enrichment (samples: 

Mel#1, Mel#2, normal tissue) or Agilent Technologies SureSelect Target Enrichment System with 

Clinical Research Exome capture library (samples: tumor#1, Mel#2 and normal tissue) and 

sequenced on a HiSeq 2500 instrument in the paired-end mode (2  101 bp). Mean target coverage 

for TruSeq libraries was 53x-57x. and for SureSelect libraries 76x-102x. Reads were aligned to the 

human genome reference assembly hg19 using Novoalign (Novocraft Technologies) and further 

processed as described previously(13). Somatic point mutations were called using VarScan2(14) 

and MuTect(15) and annotated using ANNOVAR(16) as described(13). Indels were called by 

VarScan2. RNA sequencing was performed as described previously(13). Briefly, RNAseq reads 

were processed by Tophat2(17) and Cufflinks(8). Expression levels of genes were summed up from 

isoform FPKM values, and the data was subjected to quantile-normalization and log-transformation 

in the form of log2(data+1). LRCH1 expression levels of Mel#1 and Mel#2 were used to calculate 

fold-change expression. Putative neo-antigens were identified in the following way: (i) mutant 

protein sequences comprising the identified non-synonymous mutations were derived by translation 

of corresponding RefSeq transcripts using ANNOVAR; (ii) mutant and corresponding wild-type 

peptides of 8-11 amino acids were subjected to NetMHCcons(18) for peptide-MHC affinity 

predictions to the patient’s HLA-A, B and C allelotype; (iii) mutated peptides with binding affinity 

below or equal to 500 nM or percent rank below or equal to 2% were retained; (iv) neo-antigens 

supported by at least 2 mutant reads in the RNA sequencing data were considered expressed. 
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