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Supplementary Figure 1 Performance of immune-predictive transcriptome scores  
Immune-predictive transcriptome scores derived for three publicly available immune checkpoint 

inhibitor melanoma datasets (GSE78220, GSE91061 and TPM-RSEM values  for the Van Allen 

dataset1 from GitHub: https://github.com/vanallenlab/VanAllen_CTLA4_Science_RNASeq_TPM. 

PRE-treatment melanoma biopsies and patient response data (CR/PR vs SD/PD) were used to 

generate receiver operator characteristic (ROC) curves measuring the performance of each 

indicated signature in predicting PD-1 inhibitor responses in 49 patients treated with the PD-1 

inhibitor, nivolumab2, 26 patients treated PD-1 inhibitors nivolumab or pembrolizumab3 and 41 

patients treated with anti-CTLA4 with RECIST data1. We also examined the transcriptome 

signatures in patients treated with anti-CTLA4 stratified according to clinical benefit vs no-clinical 

benefit as defined in the original report. Clinical benefit was defined as CR, PR or SD by RECIST 

with OS greater than 1 year and no clinical benefit was defined as PD of SD with OS less than 1 

year2. The resulting AUCs and p values are tabulated. The signatures applied to our dataset were 

derived from the following references: IPRES signature3, IMPRES signature4, CD8A/CSF1R 

ratio5, 18-immune gene set6, TIDE7, CYT score8 and CIBERSORT estimated relative proportion 

of CD8+ T cells9.  

 





Supplementary Figure 2  Immune profiling in melanoma biopsies 
(A) Immune-predictive transcriptome scores derived for each PRE-treatment melanoma biopsy 

(n=44) and patient or lesion response data were used to generate receiver operator 

characteristic (ROC) curves measuring the performance of each indicated signature in 

predicting PD-1 inhibitor responses in our patient cohort. In these analyses the response of 

four patients was changed to reflect the lesion-specific response assessment of the pre-

treatment tumor (see Table 2). The resulting AUCs and p values are tabulated. The 

signatures applied to our dataset were derived from the following references: IPRES 

signature3, IMPRES signature4, CD8A/CSF1R ratio5, 18-immune gene set6, TIDE7, CYT 

score8 and CIBERSORT estimated relative proportion of CD8+ T cells9 

(B) Correlation matrix of intra-tumoral cytolytic activity score (CYT, expression of PRF1 and 

GZMA8) with CIBERSORT immune cell subset scores9 in 79 melanoma biopsies. The 

Spearman rank correlation coefficients are shown within the matrix, and the false discovery 

adjusted p-value was < 0.01 for all signatures shown (see Supplementary Data 7) 

(C) Correlation matrix of intra-tumoral cytolytic activity score (CYT, expression of PRF1 and 

GZMA8) with ssGSEA score derived from the indicated Hallmark immune-related signatures. 

The Spearman rank correlation coefficients are shown within the matrix, and the false 

discovery adjusted p-value was < 0.01 for all signatures shown (see Supplementary Data 7) 

(D) Heatmap showing immune cell profiling by IHC in longitudinal melanoma biopsies (pre-

treatment, early on-treatment and late on-treatment) in patients undergoing sequential 

treatment with PD-1 or CTLA-4 inhibitors. Data derived from10 

 





Supplementary Figure 3 Association of transcriptome signatures with HLA-A downregulation 
and SNAI1 transcript expression  

(A) Scatter plot showing the relationship between CYT score and the expression of the HLA-A 

transcript in responding (RES; n=6), pre-treatment (PRE; n=44) and progressing biopsies 

(PROG; n=29). 

(B) Plots showing CYT score in the selected CYT score-matched tumors (n = 38) with high or 

low HLA-A transcript expression.  

(C) Correlation matrix of SNAI1 gene expression with ssGSEA scores derived from the Hallmark 

gene set collection and stromal cell-specific transcriptome signatures 11 in the TCGA SKCM 

dataset. The Spearman rank correlation coefficients are shown within the matrix, and the 

false discovery adjusted p-value was < 0.01 for all signatures shown (see also 

Supplementary Data 7). 

 





Supplementary Figure 4 HLA-A transcript downregulation and immune cell subset and 
activation signatures 

(A) Plot showing CD8+ T cell estimated fraction (CIBERSORT relative score) in the CYT score-

matched tumors (n = 38) with low or high HLA-A transcript expression.  FDR-adjusted p 

values (q) calculated using limma test. 

(B) Fractions of 11 major leukocyte cell subsets called by CIBERSORT in CYT score matched 

tumors (n=38) with high and low HLA-A transcript. No significant differences were observed 

in any immune subsets in the HLA-A high expression vs HLA-A low expression tumor 

subgroups (see Supplementary Data 6). 

(C) Plots showing Hallmark_IFNg_signaling (ssGSEA scores) and transcript levels B2M in the 

CYT score-matched tumors (n = 38) with low or high HLA-A transcript expression.  FDR-

adjusted p values (q) calculated using limma test. 

 





Supplementary Figure 5 STAT1 missense mutations in PD-1 PROG tumors 
(A) STAT1 missense mutation identified in the PD-1 PROG tumors derived from patient 53. The 

IGV compressed window shows wild type and variant alleles with variant frequency shown.  
(B) Schematic STAT1 protein showing functional domains and activating phosphorylation sites 

and the S316L mutation identified in Patient 53. TD, transactivation domain. 

 





Supplementary Figure 6 Analysis of HLA-ABC expression in enzymatically dissociated 
tumors  

Dissociated tumors were gated for live cells and single cells; melanoma cells were identified as 

CD45-negative, SOX10-positive, forward and side scatter-high events (red), while tumor 

infiltrating lymphocytes (TILs) were identified as CD45-positive, side scatter-low events (blue).  

Relative HLA-ABC expression (bottom panel) was determined as a ratio of geometric mean 

fluorescence intensities (MFI) of melanoma cells and TILs within each sample.  

 





Supplementary Figure 7 Analysis HLA-ABC expression in BRAF-mutant, RAS-mutant and 
BRAF/RAS wild type melanoma  

(A) Cell surface expression of HLA-ABC in 31 melanoma tumors with defined oncogenic driver 

mutations, including 15 BRAF-mutant, 10 N/KRAS-mutant and 6 BRAF/NRAS wild type 

(WT). HLA-ABC expression is calculated relative to HLA-ABC in tumor-infiltrating 

lymphocytes. There was no significant difference in the relative HLA-ABC expression 

between three melanoma genotypes; Kruskal-Wallis test with Dunn’s multiple comparison 

test. 
(B) Scatter plot showing the relationship between HLA-A transcript expression and HLA-ABC 

cell surface expression score in 16 melanoma tumors with flow cytometry and RNA sequence 

data.  
(C) Cell surface expression of HLA-ABC (relative to HLA-ABC in tumor-infiltrating lymphocytes) 

in melanoma cells derived from fresh dissociates of pre-treatment tumors grouped according 

to patient response to PD-1 inhibition. Solid lines represent median and dotted line set at 

Y=1. Patients with CR or PR were classified as responders, while patients with SD and PD 

were classified as non-responders 

(D) Cell surface expression of HLA-DR (percent HLA-DR positivity) in melanoma cells derived 

from fresh dissociates of pre-treatment tumors grouped according to patient response to PD-

1 inhibition. Solid lines represent median and dotted line set at Y=5%. Patients with CR or 

PR were classified as responders, while patients with SD and PD were classified as non-

responders. 

 





Supplementary Figure 8 MITFlow/AXLhigh de-differentiation in short term PD-1 PROG cell lines 

(A) Western blots of cell lysates showing protein markers of differentiation (SOX10, MLANA, 

MITF) and de-differentiation (AXL) 24 h after treating cells with vehicle (-) or 1000 U/ml IFNg 

(+). REVERT stain shown in Supplementary Figure 11B. 

(B) Percentage of NGFR-positive (de-differentiated) melanoma cells in fresh tumor samples 

used to derive matching short-term PD-1 PROG melanoma cell lines with the MITFhigh/AXLlow 

(differentiated phenotype) or MITFlow/AXLhigh dedifferentiated phenotype. Box plots show the 

median and interquartile ranges, and data were compared using Mann Whitney test. 

 





Supplementary Figure 9 Quantitation of melanoma de-differentiation protein markers in PD-
1 PROG cell lines 

Quantitation of AXL, SOX10, MLANA expression normalised to REVERT and MITF expression 

normalised to ß-actin (converted to z-scores to enable analysis of three biological western blot 

replicates). Average and standard deviation of z-scores are shown and representative western 

blot images are shown in Supplementary Figure 8. Melanoma cell lines classified as de-

differentiated based on MITFlow/AXLhigh expression are boxed. 

 





Supplementary Figure 10 Quantitation of melanoma de-differentiation protein markers in 
response to IFNg and/or TGFß in melanoma cell lines  

Quantitation of de-differentiation markers SNAIL, AXL and N-cadherin normalised to REVERT 

stain in WMD-084, SCC14-0257 and SMU17-0132 melanoma cells treated with vehicle (Control), 

1000 U/ml IFNg- and/or 10 ng/ml TGFß for 72 h. Normalised protein expression data were 

converted to z-scores to enable analysis of three biological western blot replicates. Average and 

standard deviation of z-scores are shown and representative western blot images are shown in 

Figure 5C. Data were compared using one-way ANOVA with the Geisser-Greenhouse correction. 
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