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SUPPLEMENTARY DATA 

 

SUPPLEMENTARY MATERIALS AND METHODS. 

Generation of polyclonal NK cell lines. To obtain purified NK cells the RosetteSepTM NK cell 

Enrichment kit (StemCell Technologies, Vancouver, Canada) was used. Those populations 

displaying more than 95% of CD56+ CD3- CD14- NK cells were selected. Polyclonal NK cell lines 

were obtained by culturing purified NK cells at appropriate dilutions on irradiated feeder cells in 

the presence of 100U/ml rIL-2 (Proleukin, Chiron Corporation, Emeryville, USA) and 1.5 ng/ml PHA 

(Gibco Ltd, Thermo Fisher Scientific, Massachusetts, USA ) in round-bottomed 96 well microtiter 

plates. After 15-20 days of culture the expanded NK cells were used in co-culture experiments or 

in cytolytic assays. 

Antibodies. Blocking experiments: anti-NKp44 (IgM, KS38), anti-NKp46 (IgM, KL247) (available in 

our lab), anti-NKp30 (IgM, F252), anti-NKG2D (IgG1, BAT221), anti-DNAM-1 (IgM, clone: F5) (kindly 

provided by D. Pende - Genova, Italy), anti-TNF-α and anti-IFN- (R&D System, Minneapolis, USA). 

FACS analysis: anti-NKp30 (IgG1, AZ20), anti-NKp44 (IgG1, Z231), anti-NKp46 (IgG1, BAB281), anti-

GPR56 (IgG1, DF206), anti-HLA-I (IgG2a W6-32) (available in our lab), anti-NKG2D (IgG1, BAT221), 

anti-DNAM-1 (IgG1, F22), anti-PVR (IgG1, L95), anti-Nectin-2 (IgG2a, L14), anti-MICA (IgG1, 

BAM195) (D. Pende - Genova), anti-Fibronectin (IST-4 B. Carnemolla, Genova), anti-E-cadherin 

(67A4) and anti-N-cadherin (8C11) (Santa Cruz Biotechnology, Dallas, USA), anti-CD166 (3A6 – 

BioLegend, San Diego, USA), anti-CD271-PE (ME20.4-1.H4 - Miltenyi Biotec, Bergisch Gladbach, 

Germany), anti-MITF (3D1.2 – Millipore, Billerica, USA) anti-Ki67-FITC (MIB-1) and mouse IgG1 

Isotype Control-FITC (DakoCytomation, Denmark), control-PE from (eBioscience, San Diego, USA) 



anti-ULBP1 (170818), ULBP2/5/6 (165903), ULBP3 (166510) (R&D Systems, Minneapolis, USA), 

anti-PD1 CD279 (12-2799-42) (eBioscience ThermoFisher USA), anti-TGF-AF-101-NA) (R&D 

Systems, Minneapolis, USA), LEAFTM anti-TIM-3 (345004) (Biolegend, San Diego, USA), anti-PD-L1 

(CD274-PE, eBioscience, ThermoFisher Scientific, USA), Annexin V Apoptosis Detection Kit FITC 

(BMS500FI-300) (eBioscience ThermoFisher USA). 

Soluble NCRs. Fusion proteins (NKp30-Fc, NKp46-Fc, NKp44-Fc) were constructed as follows. The 

sequences coding for the extracellular portion of NKp46, NKp30, and NKp44 receptors were 

amplified starting from the corresponding cDNAs inserted in the pcDNA3.1TOPO-V5 plasmid using 

the following primers:  5’ CAGGGCATCTCGAGTCTGAGCGATGTCTTCCACACTCC (NKp46 XhoI up) and 

5’ CCGCTCGAGATGATTCTGGGCAGTGTGATCC (NKp46 XhoI dw); 5’ 

CAGGGCATCTCGAGTTTCCGACATGGCCTGGATGCTGTTG (NKp30 XhoI up) and 5’ 

CCGCTCGAGATGTGTACCAGCCCCTAGCTGAGGATG (NKp30 XhoI dw); 5’ 

CAGGGCAACTCGAGAGGAGCACATGGCCTGGCGAGC (NKp44 XhoI up) and 5’ 

CCGCTCGAGATGGGGAGCTGCAGGGCCAGGG (NKp44 XhoI dw).  

Amplification was performed with Platinum Taq High Fidelity (Invitrogen) for 25 cycles (30 s at 

95°C, 30 s at 60°C and 1 min at 68°C). The PCR products were digested with XhoI restriction 

enzyme and subcloned into the SalI digested pRB1-HingeFcmut vector (ref. Pietra Cancer Res. 

2012), in frame with the sequence coding for the human IgG1 portion, which was mutagenized in 

order to obtain a mutated Fc that does not bind to Fc receptors. The nucleotide sequence of the 

constructs was checked using a BigDye Terminator v3.1 Cycle Sequencing Kit and an ABI PRISM 

3100 Genetic Analyzer (Applied Biosystems). 

The different constructs were transiently transfected into HEK293T cell line (human embryonic 

fibroblast) utilizing JetPEI (Polyplus). Supernatants were collected from the cell transfectants 

cultured in DMEM/10% Ultra-low IgG fetal calf serum (Invitrogen) or in a serum-free medium (EX-
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cell ACF CHO Medium, Sigma-Aldrich) at days 4 and 8. Soluble receptors were purified from 

supernatants by affinity chromatography utilizing Protein A Sepharose 4 Fast Flow (GE 

Healthcare). Purified recombinant proteins were checked by SDS-PAGE followed by silver staining, 

and by ELISA utilizing mAbs specific for the different receptors. 

Confocal microscopy. Melanoma cells were seeded on glass coverslips and cultured under the 

indicated conditions. After 4 days, melanoma cells were washed, fixed (4% paraformaldehyde in 

PBS for 10 min), permeabilized (0.5% Triton X-100 in PBS) and blocked with 2% BSA in PBS for 30 

min. Samples were stained with Alexa Fluor 488 phalloidin (Molecular Probes®, Oregon USA) 

according to manufacturer's protocol. Coverslips were then mounted using ProLong® Diamond 

Antifade Mountant with DAPI. and images were acquired using the microscope Confocal TCS-SP2-

AOBS (Leica, Wetzlar, Germany).  

Sample preparation for Mass Spectrometry. Samples were processed by in-Stage Tip method 

using enclosed StageTip, containing 3 SDB-RPS disks (25). Briefly, pellets were solubilized in 25 µL 

of 6 M GdmCl, 10 mM TCEP, 40 mM CAA, 100 mM Tris pH 8.5. In a single step the cells were lysed, 

reduced, and alkylated by three cycles of heat and thaw and by sonication for 30 min, and then 

loaded into StageTip. The lysates were diluted with 10% (v/v) ACN, 25 mM Tris pH 8.5 and 

digested with 0.5 µg of lysine C and 0.5 µg trypsin at 37 °C overnight. The samples were acidified 

with 100 µl of 1% (v/v) TFA and washed three times with 0.2 % (v/v) TFA. Elutions were performed 

with 60 µl of 5% (v/v) ammonium hydroxide, 80% (v/v) ACN. 

NanoLC and mass spectrometer setup. The samples were loaded directly into the separation 

column and peptides were eluted with a non-linear gradient of 5-65 % solution B (80% CAN and 

20% H2O, 5% DMSO, 0.1% FA) in 180 min at a flow rate of 250 nl/min. The peptide separations 

were carried out at 55 °C using a 75-μm ID × 50 cm 2 μm, 100 Å, C18 column mounted in the 

thermostatated column compartment. Eluting peptides were electrosprayed and analyzed by 



tandem mass spectrometry on a Orbitrap Fusion Tribrid (Thermo Fischer Scientific, Massachusetts, 

USA) operating in positive ionization mode. The precursors were ionized using a EASY-spray source 

held at +2.2 kV and the inlet capillary temperature was held at 300 °C. Single MS survey scans 

were performed in the Orbitrap, recording a mass window between 375 –1500 m/z with an AGC 

target of 250,000, a maximum injection time of 50 ms, and a resolution of 120,000 at 200 m/z. 

Monoisotopic precursor selection was enabled for peptide isotopic distributions, precursors of z = 

2-5 were selected for 2 seconds of cycle time, and dynamic exclusion was set to 45 seconds with a 

±10 ppm window set around the precursor. HCD (High-Energy Collision Dissociation) was done 

with a target value of 10,000 ions in the linear ion trap, a maximal ion injection time of 45 ms, 

normalized collision energy of 30%, a Q-value of 0.25 and the possibility to inject ions for all 

available parallelizable time was enabled. The mass spectrometry proteomics data have been 

deposited to the ProteomeXchange Consortium via the PRIDE partner repository with the dataset 

identifier PXD006592. Reviewer account details: Username: reviewer20841@ebi.ac.uk, 

Password: iO8sYtgX 

Mass spectrometry Data analysis. The raw data were processed with MaxQuant software (version 

1.5.5.3) using Uniprot human database (release 2016_02) and choosing trypsin as enzyme 

specificity. A contaminants database by the Andromeda search engine with cysteine 

carbamidomethylation as fixed modification and acetylation protein N-terminal methionine 

oxidation and deamidation (N, Q) as variable modifications have been selected. It was requested a 

false discovery rate (FDR) of 0.01 for the identification of proteins, peptides and peptide-spectrum 

match (PSM) and a minimum length of 6 amino acids for peptide identification.  Quantification in 

MaxQuant was performed using the built in label free quantification algorithm, enabling the 

‘Match Between Runs’. All proteins and peptides matching to the reversed database were filtered 

out. Label‐free protein quantitation (LFQ) was performed with a minimum ratio count of 1. Label 
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Free experiments were analyzed with the Perseus software of the MaxQuant computational 

platform (26). Protein groups were filtered to require 100% valid values in at least one 

experimental group. The label-free intensities were expressed as base log2, and empty values 

were imputed with random numbers from a normal distribution for each column, to best simulate 

low abundance values close to noise level. For each cell line, to obtain significantly modulated 

proteins two groups, relative to NK and EMT-cytokines treatments, were created and a t-test with 

permutation-based FDR statistics was applied. 250 permutations were performed, with an s0 of 

0.1 and required an FDR of 0.05. Separately for each cell line, the Venn diagram of statistically 

significant proteins was calculated. To visualize the profile of the experiment hierarchical 

clustering of resulting proteins was performed on log2 intensities after z-score normalization of 

the data for each cell line, using Euclidean distances. 

Bioinformatics Analysis and identification of enriched Biological Processes or Pathways 

(indicated as entities in the text and in Figure 5). The algorithm used in this paper is as follows: 

1. A first selection of the most discriminatory proteins is performed via fold-change, 

considering those present in both tails (i.e. quantitatively increased or reduced). 

2. Then the proteins are ranked according to their discriminatory power, measured by the 

Fisher’s ratio, that for an attribute j in a two-class problem, 1 2,c c , is defined as follows: 
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 where, 1 2,j j   are measures of the center of the distribution 

(means) of prognostic variables j in classes 1 and 2, and 
2 2

1 2,j j   are measures of the 

dispersion (variance) within these classes. This method looks for prognostic variables that 

separate the classes further apart and are very homogeneous within classes (low intra-class 

variance). 



3. The most discriminatory variables are ranked in decreasing order by their discriminatory 

power and the algorithm looks for the shortest list of prognostic variables with the highest 

predictive accuracy using recursive feature elimination. This way of proceeding is based on 

the fact that high discriminatory variables serve to span the main features of the 

classification, whilst variables with lowest discriminatory ratios account for the details in 

the discrimination. This method determines the minimum amount of high frequency 

details that are needed to optimally discriminate between classes. The predictive accuracy 

estimation is based on Leave-One-Out-Cross-Validation (LOOCV) by averaging the LOOCV 

predictive accuracy over all the samples of the validation dataset in each bag. The 

methodology has been published in (28) and involves a simple Nearest-Neighbor classifier 

in the reduced set of genes. 

Immunohistochemical analysis. Sections were obtained from formalin-fixed paraffin-embedded 

tissue blocks of human primary cutaneous melanoma retrieved from the archive of the 

Department of Pathology, Spedali Civili di Brescia or the Department of Pathology, or Sacro Cuore 

Don Calabria Hospital Negrar (VR). Briefly, for immunohistochemistry the reaction was revealed 

using Novolink Polymer (Leica) or Labelled polymer-HRP (Dako) followed by DAB (Figures 6A-B). 

For double staining shown in Figures 6C and S10, sections were stained with two consecutive 

reactions with antibodies to E-cadherin (clone 36, Ventana Medical Systems) or CDH2/N-cadherin 

(LSBio, LifeSpan Biosciences, Inc.), and to CD56 (clone MRQ-42, Ventana Medical Systems), using 

Optiview DAB IHC Detection Kit and Ultraview Universal Alkaline Phosphatase RED Detection Kit; 

chromogens used were Optiview DAB, and Ultraview Universal AP Fast Red. Reactions were 

conducted on a Ventana BenchMark ULTRA platform (Ventana Medical Systems). Stained slides 

were then scanned using a Ventana iScan HT slide scanner (Ventana Medical Systems) for 

subsequent image acquisition. The quantification of marker expression was evaluated as   



percentage of positive cells (Figure 6A) or as “H score” (Figure 6C). The “H score” was assigned in 

each area as the sum of the products of the intensity (0 for negative, 1 for weakly positive, 2 for 

moderately positive, and 3 for strongly positive) and the extent of immunoexpression (0 to 100%), 

obtaining a value from 0 to 300. For double staining shown in figure S12, after completing the first 

immune reaction, the second was visualized using Mach 4 MR-AP (Biocare Medical), followed by 

Ferangi Blue. 

The primary antibodies used for the studies include: anti-CD56 (clone 123C3, mouse, 1:30, Zymed; 

and clone MRQ-42, Ventana Medical Systems), anti-SOX5 (clone UMAB53, mouse, 1:50, Origene), 

anti-CDH1/E-Cadherin (clone 4A2C7, mouse, 1:50, Invitrogen; and clone 36, Ventana Medical 

Systems), anti-CDH2/N-cadherin (LSBio, LifeSpan Biosciences, Inc.), anti-ZEB1 (clone OTI3G6, 

Abcam), anti-ZEB2 (Sigma-Aldrich), anti-SLUG (A-7, Santa Cruz Biothecnology, Inc.), Double 

staining with anti-CD56 and anti-CD3 (clone LN10, mouse, 1:100, Leica Biosystem) was also 

performed to esclude the presence of CD56+CD3+ lymphocytes. 

Western blot analysis. Total cell lysates were prepared using RIPA buffer (ThermoFisher) from 

MeDeBO and MeCoP melanoma cell lines in the following conditions: in the absence or in the 

presence of polyclonal NK cell lines or in medium containing 5 ng/ml TGF-1 + 10 ng/ml TNF- 

(EMT-cytokines). Protein content was determined using Bradford Protein Assay (Bio-Rad). 50 g 

were run on 8,5% or 16% polyacrylamide gels and transferred to Immobilon-P PVDF membranes 

(Millipore). Membranes were blocked with 5% BSA or with 5% nonfat-dried milk in Tris-buffered-

saline and probed with the following antibodies: anti-Slug rabbit mAb, anti-Snail rabbit mAb, anti-

TWIST1 rabbit Ab, anti-LC3A rabbit mAb (Cell Signaling Technology); anti-ZEB2/Smad Interacting 

Protein 1 rabbit Ab (Abcam); anti-GAPDH rabbit Ab (ThermoFisher). Next, membranes were 

incubated with goat anti-mouse IgG Horseradish Peroxidase (HRP)-conjugated mAb, or with goat 

anti-rabbit IgG HRP-conjugated mAb (Southern Biotech). The SuperSignal West Pico 



Chemiluminescent Substrate (ThermoFisher) was used for detection. Images were acquired with 

ChemiDoc Touch Imaging System (Bio-Rad) and analyzed with Image Lab software (Bio-Rad). 


