
SUPPLEMENTARY DATA  

Supplementary Materials and Methods 

mAbs. The following mAbs were used in this study: c218 (IgG1, anti-CD56), F22 

(IgG1, anti-DNAM-1), BAB281 (IgG1, anti-NKp46), c127 (IgG1, anti-CD16), AZ20 

and F252 (IgG1 and IgM, respectively, anti-NKp30,), BAT221 (IgG1, anti-NKG2D), 

Z231 and KS38 (IgG1 and IgM, respectively, anti-NKp44), c227 (IgG1, anti-CD69), 

pp35 (IgG1, anti-2B4), EB6 (IgG1, anti-KIR2DL1/S1), GL183 (IgG1, anti-

KIR2DL2/L3/S2), Z27 (IgG1, anti-KIR3DL1/S1), Z270 (IgG1, anti-NKG2A), 

BAM195 (IgG1, anti-MICA), 10F18 (IgG2a, anti-Mel-CAM/CD146) all produced in 

our laboratory. 236511 (IgG2b, anti-MICB), 170818 (IgG2a, anti-ULBP1), 165903 

(IgG2a, anti-ULBP2), 166510 (IgG2a, anti-ULBP3) mAbs were purchased from R&D 

system. For intracellular staining the following mAbs were used: Melan A/MART-1 

(IgG2b; Abcam), PE-conjugated anti-granzyme A (IgG1; BD Pharmingen), PE-

conjugated anti-granzyme B (IgG1; Caltag Laboratories), PE-conjugated anti-perforin 

(IgG2b; Ancell) and their isotype-matched controls.  

 

Production of soluble receptors.  To prepare the plasmids for the expression of 

dimeric NKp30-Fc and NKp44-Fc soluble receptors, the sequence coding for human 

IgG1 hinge region was obtained by annealing (4 min at 95°C, 10 min at room 

temperature) the following primers: 5’ 

ACGCGTCGACCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCC

GGATCCCG (Hinge SalI/BamHI for) 5’ 

CGGGATCCGGGCACGGTGGGCATGTGTGAGTTTTGTCACAAGATTTGGGGT

CGACGCGT (Hinge SalI/BamHI rev); the reaction product was digested with 

SalI/BamHI restriction enzymes and subcloned into the SalI/BamHI digested pRB1-

DNAM1Fcmut vector (1) in frame with the sequence coding for the mutagenized 



human IgG1 Fc portion. 

The sequences coding for the extracellular portions of NKp30 and NKp44 were 

amplified starting from the corresponding cDNA inserted in the pcDNA3.1TOPO-V5 

plasmid using the following primers: 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 (Life Technologies) 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. The nucleotide sequences of the constructs were checked using a 

BigDye Terminator v3.1 Cycle Sequencing Kit and an ABI PRISM 3100 Genetic 

Analyzer (Applied Biosystems). Recombinant NKp30Fc and NKp44Fc proteins were 

expressed into HEK293T cell line (human embryonic fibroblasts) by transient 

transfection using the calcium phosphate method; 24 h after transfection, cells were 

washed twice with PBS and cultured into a serum-free medium (EX-cell ACF CHO 

Medium, Sigma-Aldrich). Supernatants were recovered at days 4 and 8. purified from 

supernatants by affinity chromatography using nProtein A-Sepharose 4 Fast Flow (GE 

Healthcare). Purified recombinant proteins were checked by SDS–PAGE followed by 

silver staining and by ELISA using mAbs specific for the different receptors. 

 

Cell line culture conditions. Melanoma cells were cultured in RPMI 1640 

supplemented with 10% FBS, 1% antibiotic mixture (5 mg/ml penicillin, 5 mg/ml 

streptomycin stock solution). FO-1 cell line was HLA typed by SSPO analysis (2) and 

authenticated in our lab by PCR-SSP HLA class I typing. All primary lines were 



periodically tested and authenticated by morphologic check and flow cytometry for the 

expression of informative makers including Mel-CAM/CD146, MelanA/MART-1 and 

HLA class I alleles. To this end mAbs specific for different groups of HLA class I 

alleles were used. We used low passage number of the primary melanoma cell lines in 

our in vitro experiments. All cell lines were routinely tested for the absence of 

Mycoplasma contamination by PCR and were used when they reached 80% of 

confluency. 

 

Annexin V/PI apoptosis Assay. Melanoma cells either untreated or treated with 1MT 

(1mM). 24 h after in vitro treatment, cells were collected and double stained with 

human AnnexinV-FITC/PI staining kit (Bender MedSystems) according to the 

manufacturer’s instructions. Samples were then analysed on a FACScalibur flow 

cytometer (BD Biosciences). 

 

Reverse transcription-Polymerase chain reaction (RT-PCR) for IDO1 and B7-H6 

expression. Total cellular RNA was prepared from: 1) melanoma cell lines cultured 

with or without IFN-γ (100UI/mL) ; 2) melanoma cells cultured for 96 h in the presence 

of NK cells (transwell conditions) and 3) NK cells. RNA was extracted from lysed cells 

using an RNAeasy mini kit (Qiagen, Hilden, Germany). Complementary DNA was 

generated using a Trascriptor First Strand cDNA Synthesis Kit (Roche diagnostic). 

Reverse trascription was performed at 42°C for 10min and at 55°C for 50min using 1μg 

of total RNA and oligo dT primers. PCR amplifications were performed for 30 cycles 

(30s at 95 °C, 30 s at 58 °C, 30s at 72 °C) using Platinum TAQ (Invitrogen). The primer 

sequences used in our studies were: IDO1 ORF up 5' 

GACTACAAGAATGGCACACG; IDO1 ORF dw 5' 

AATGTGCTCTTGTTGGGTTAC; β-actin up 5' ACTCCATCATGAAGTGTGACG 



and β-actin dw 5' CATACTCCTGCTTGCTGATCC. β-actin amplification was 

performed using identical PCR conditions and served as an internal control 

Amplification of B7-H6 cDNA (nt. 247-708, Accession N° NR_026750) was performed 

with Platinum Taq (Life Technologies) for 35 cycles (30 sec at 95°C, 30 sec at 58°C 

and 1 min at 68°C) using the following primers: H6 for2 5’ 

TGCTGTGGGCGCTGACGA and H6 rev2  5’ GGTAGAACCCACTTGACTCA. PCR 

products (249 bp fragment for β-actin, 1244 bp for IDO and 462 bp for B7-H6) were 

run on a 1.5% or a 0.8% agarose gel and visualized by ethidium bromide staining. 

 
Western blot analysis. Melanoma cell lines were lysed in 1% Nonidet P-40 and were 

analysed under reducing conditions in 10% SDS-PAGE (Mini-PROTEAN TGX Gels, 

Bio-Rad). Separated proteins were transferred to Immobilon-P PVDF membranes 

(Millipore) for 1 h 15 min at 125 mA. Membranes were blocked with 5% bovine serum 

albumin in TRIS-buffered-saline containing 0.1% Tween-20 (TBST) and probed with 

an anti-IDO rabbit polyclonal antibody (Alexis, Vinci-Biochem) or an anti-GAPDH 

mouse monoclonal antibody (Santa Cruz Biotechnology), followed by a goat anti-rabbit 

IgG-HRP-conjugate antibody or a goat anti-mouse Ig-HRP conjugate antibody 

(SouthernBiotech), respectively. The Western Lightning ECL (Perkin Elmer, Waltham) 

was used for detection.  

 

IDO enzyme assay. To assess IDO activity, L-kynurenine levels in C-SNs were 

analyzed. We performed a liquid extraction with methanol on samples. Then, we 

injected the samples in a high resolution LC-MS/MS system, based on Orbitrap mass 

spectrometry. The MS/MS condition was used for a SRM quantitative method on L-

kynurenine and the reference ion was the 94.07 m/z. Calibration curves, ranging from 

50 M to 0.5 M, were run on three separate days, and constructed from the peak-area 



of analyte using a quadratic curve y = 849240 + 1986.87x - 0.00886316x2 with a 

R2=0.9992. The samples were prepared at least in duplicate and injected in triplicate. 

The method described was efficient and has the necessary accuracy and precision for 

the quantitative determination of the IDO metabolite L-kynurenine. 

 

Immunofluorescence of melanoma samples. Melanoma metastases were snap frozen 

in liquid nitrogen within 30 min from surgical resection and stored at -80°C. Frozen 

tissues were cut in 5µm thick sections, fixed in acetone/methanol (1:1) for 5 min and 

rehydrated in TBS.  Non-specific binding sites were saturated incubating tissue slides 

for 9 min with ultra block solution (Ultravision, Thermo Scientific). Rabbit polyclonal 

anti-IDO antibody (Alexis, Vinci-Biochem) was incubated on melanoma sections for 1 

h. AlexaFluor 594-conjugated goat anti-rabbit secondary antibody (Invitrogen) was 

used for detection. The sections were than incubated with a mouse mAb against gp100 

(clone HMB-45, Ventana Medical System) for 1 h and AlexaFluor 488-conjugated 

chicken anti-mouse antibody (Invitrogen) was used for detection. Antibodies were 

prediluted according to the manufacturer’s instructions. Nuclei were stained with DAPI. 

In negative controls the primary antibody was omitted. Slides were mounted with 

Fluorescent Mounting Medium (DakoCytomation); photographs were taken by an 

Olympus DP70 digital microscope camera mounted on a Leica DMLB2 microscope 

equipped with B/G/R, I3 and M2 filters (40x and 100x magnifications). 
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SUPPLEMENTARY TABLE 
 
 
Table S1. Production of PGE2 by different melanoma cell lines cultured either 
alone or with NK cells. 
 
 

Melanoma cell line  Alone plus NK cellsa 

MeBO NDb 20±7 

FO-1 ND  ND 

MeMI 33±25.5 363±76.3 

MeOV 25.5±7.7 211±169 

MeTA 32.5±24.7 122±108 

MeTU ND 63.5±43 

MEWO 1820±240 15578±801 

 
Data refer to the levels of PGE2 expressed at pg/mL. Results are the means ± SD of three 
independent experiments. 
a PGE2 production was evaluated after 6 days of culture in supernatants derived from melanoma 
cells co-cultured with NK cells.  
b ND, not detectable.       
 

 

 

 

 

 

 

 

 

 

 



SUPPLEMENTARY FIGURE LEGENDS 

 

Fig. S1. B7-H6 mRNA expression by melanoma cell lines. B7-H6 mRNA expression 

in the indicated melanoma cell lines was assessed by RT-PCR. PCR products were run 

on a 0,8% agarose gel and visualized by ethidium bromide staining. RT-PCR was also 

performed with primers specific for β-actin as positive control. One representative 

experiment out of three performed is shown. 

 

Fig. S2. TGF-β and MIF have no role in the melanoma-induced modulation of 

activating NK receptors. NK cells were cultured for 6 days with IL-2 either alone or in 

the presence of MeCoP, MeMO and MePA cell lines. NK/melanoma cell co-cultures 

were set either in the absence or in the presence of the indicated neutralizing antibodies 

and analyzed by flow cytometry. The expression of the activating NK receptors was 

analyzed with specific mAbs (filled profiles). PE-conjugated goat anti-mouse isotype-

specific antibody was used as second reagent. White profiles represent negative 

controls. Numbers indicate the MRFI for each receptor. Results of a representative 

experiment out of three performed are shown. 

 

Fig. S3. Different concentrations of 1-MT are able to restore the cytolytic activity 

of NK cells cultured in the presence of MeCoP cell lines. Cytotoxic activity of NK 

cells cultured with IL-2 for 6 days either alone (black bars) or in the presence of MeCoP 

cell line (white bars). Cytolytic activity of NK cells co-cultured with MeCoP, in the 

presence of the indicated doses of 1MT (grey bars). Bars represent means ± SD 

obtained from three independent experiments. The E/T ratio was 10:1.  *, p < 0.05; ***, 

p< 0.001.; n.s., not significant. 

 



Fig. S4. The inhibitory effect of melanoma cells is dependent on IFN-γ-mediated 

signalling. (A) The expression of IDO enzyme was assessed by Western blot analysis 

on: MeCoP cell line cultured alone or co-cultured (under transwell conditions) with IL-

2-activated NK cells either in the absence of in the presence of an anti-IFN-γRI 

blocking mAb. GAPDH was used as a loading control. (B) Cytotoxic activity of NK 

cells cultured with IL-2 for 6 days either alone (black bars) or in the presence of MeCoP 

cell line (white bars). Cytolytic activity of NK cells co-cultured with MeCoP, in the 

presence of 1MT or an anti-IFNγRI blocking mAb (grey bars). Bars represent means ± 

SD obtained from three independent experiments. The E/T ratio was 10:1.  ***, p< 

0.001. 

 

Fig. S5. Immunofluorescent analysis of IDO and HMB-45 expression in a tissue 

section of skin melanoma metastasis. Tissue section was stained with antibodies 

recognizing IDO and HMB-45 followed by AlexaFluor 594/448 secondary antibodies. 

Nuclei were visualized with DAPI. Pictures were taken under 40x objective (panels A, 

B, C and D) and 100x objective (panels E, F, G and H). Panel I (40x objective) 

represents a negative control where the primary antibody was omitted. In most tumor 

analyzed there was a high correspondence between HMB-45 positive melanoma cells 

and IDO expression, though also cells with high expression of IDO and low/absent 

expression of HMB-45 were present (see panels C and G). Notably, MeTU cell line, 

analyzed in this study, was originated from the same skin metastasis.  

 

Fig S6. Inhibition of NKp30, NKp44 and NKG2D surface expression in NK cells 

cultured in the presence of different concentrations of PGE2. NK cells cultured for 

6 days with IL-2 either in the absence or in the presence of different PGE2 

concentrations were analyzed for the surface expression of NKp30, NKp44 and 



NKG2D. Data indicate the percentage of NKp30, NKp44 and NKG2D MFI inhibition 

(mean ± SEM) induced by PGE2. 

 

Fig. S7. Analysis of IDO1 mRNA expression by different melanoma cell lines. 

IDO1 mRNA expression in melanoma cells was assessed by RT-PCR. Total cellular 

RNA was prepared from seven melanoma cell lines (either untreated or IFN-γ treated). 

RT-PCR using β-actin-specific primers was used as an internal control. N.T., not 

treated; M.W., molecular weight. One representative experiment out of two performed 

is shown. 

 

 

 


