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SUPPLEMENTARY METHODS 

Methylation analysis  

Pre-processed TCGA pancancer Beta-value from Illumina 450K methylation data were accessed 

from the GDC portal from the PanCanAtlas description page. Riboseq raw fastq files were 

accessed from the GEO portal under the accession number GSE69923. Samples under glutamine 

starvation conditions were omitted from the analysis. 

For each cyt-HERV, a local methylation status was calculated according to the mean beta-value 

of the 10 nearest surrounding probes. Spearman’s correlations were then calculated 

independently for each cyt-HERV. HERVs with a Spearman’s R < -0.3 and an adjusted p < 0.05 

were considered to be associated with a local demethylation status, and HERVs with a 

Spearman’s R > 0.3 and an adjusted p < 0.05 with a local methylation status. 

Binding affinity analysis 

The 6 selected and control peptides were synthetized to perform a high throughput quantitative 

binding assay to MHC allele HLA-A2. ProImmune’s Class I REVEAL® Rapid Epitope 

Discovery System detection is based on the presence or absence of the native conformation of 

the MHC-peptide complex. Each peptide is given a score relative to the positive control peptide, 

which is a known T cell epitope. The score is reported as a percentage of the signal generated by 

the test peptide versus the positive control peptide. REVEAL® on- and off-rate assays give a 

quantitative picture of the binding properties of individual peptides. On and off-rates for peptides 

that have passed the MHC-binding assay are measured at six points over 48 hours (on-rate) and 

24 hours (off-rate). Results are presented as half-life values. Peptides are given a kinetic score 

based on the results of both rates; a higher score indicates a better candidate T cell epitope. 

Finally the ‘R’ score is defined for each peptide. This incorporates the kinetic score with the 

MHC-peptide binding assay score; the higher the R score, the better the epitope. 

Dendritic cell-based priming assays  

29 to 34-mer synthetic long peptides corresponding to the native Gag or Pol polypeptide 

sequence and containing P1, P2, P4 or P6 epitopes were synthetized by JPT peptide 

Technologies (GE, EU).  

Monocytes were isolated from PBMCs by positive selection of CD14+ cells (Myltenyi, GE, EU). 

The negative fraction was considered as peripheral blood lymphocytes (PBLs). Cells were frozen 



 
 

 

in FBS 10% DMSO and kept at -80°C. Monocyte-derived dendritic cells (MoDCs) were 

generated from 6-day cultures of CD14+ monocytes in complete RPMI medium supplemented 

with 10 % FCS and recombinant human GM-CSF (100 ng/mL) and IL-4 (50 ng/mL). MoDCs 

were pulsed either with short 9-mer peptides (10µg/mL) overnight with 10 ng/ml of LPS or with 

long peptides (1µM) with TNF-α (20µg/ml) plus Poly-IC (40µg/ml) and washed before co-

culture with isolated PBLs for 6 days (MoDCs:T-cells ratio 1:10) in 96 round wells plate. After 6 

days T cells were counted and restimulated with autologous MoDCs for 6 more days. n=5 donors 

were tested for each short peptide and n=4 donors were tested for each long peptide.  

HCC1599 cell line and Nanolive imaging 

The non-adherent TNBC cell line HCC-1599 (ATCC number: CRL-2331) growing in 

multicellular aggregates was cultured in RPMI-1640 supplemented with 10% SVF and 1% P/S in 

6 well plates for cell expansion. 

For Nanolive imaging, cells were suspended to single cells and plated on a pre-coated (PBS+2% 

BME) µ-dish 24h before imaging. T cells were added directly before the 10-hour imaging. 

 

  



 
 

 

 

 
Supplementary Fig. S1. TCGA pancancer flow-chart and methylation analysis 

(A) Flow-chart of included samples for the pancancer study. Only primary solid tumors samples 

were included. Studies with insufficient data quality were excluded, leading to the final 

analysis of 8,893 primary tumor samples from 29 different cancer types. 

(B) Correlation between cyt-HERVs expression and local methylation state in TCGA pancancer 

dataset. For each HERV, the mean beta-coefficient of the 10 nearest methylation probes was 

calculated. Spearman’s correlation between each individual HERV in each cancer type and 

its median surrounding beta-coefficient is shown.   

Cyt-HERVs: HERVs associated with cytotoxic response, TCGA: The Cancer Genome Atlas 

 

 



 
 

 

 
 
Supplementary Fig. S2. Open reading frames identification and peptides mass spectra 

(A)  Top HERVs with the highest number of conserved ORFs from the HML-2 family 

among cyt-HERVs. ORFs with at least 90% identity with known HML-2 proteins are 

represented. 

(B)  MS/MS detection of P2, P3, P5 and P6 epitopes in samples from the CPTAC or TCGA 

breast cancer prospective dataset. MS/MS spectrum is identified by Pepquery analysis 

(Peptide Spectrum Match, p values 0.0010, 0.0010, 0.0010 and 0. 0031, respectively) 

 



 
 

 

 

Supplementary Fig. S3. TCGA basal breast cancer cyt-HERVs and peptide analysis 

(A) Mean expression of the 54 cyt-HERVs from TCGA basal subtypes is represented in cell line 

samples from Varley’s independent dataset. 

(B) Mean expression of the 54 cyt-HERVs from TCGA basal subtypes in TNBC cell line 

samples from the CCLE database. 

 (C) Number of different HERVs containing the top 25 peptides. Affinity is colored on a red-

blue scale. 

Cyt-HERVs: HERVs associated with cytotoxic response, ORFs: Open Reading Frames, TCGA: 

The Cancer Genome Atlas, TNBC: Triple-Negative Breast Cancer 

 
  



 
 

 

 



 
 

 

Supplementary Fig. S4. HERV-derived epitopes CD8+ T cell responses and gating 

strategies 

(A) Summary table of the binding rate data and kinetic scores for the 6 peptides. Reveal scores ≥ 

45% indicate good binders (see supplementary methods for the definitions). 

(B) Gating strategy for the analysis of flow cytometry data for dextramer staining protocol and 

polychromatic intracellular cytokine (IFN-γ and TNF-α) and CD107a CD8+ T cells. Gates 

on lymphocytes morphology, single cells in SSC and FSC, CD3+ T cells, CD8+ T cells to 

identify double CD8+dextramer+ cells. The same gating strategy was used to identify IFN-

γ+ TNF-α+ CD107a+ CD8+ T cells.  

(C) Representative panels of dextramer staining in unstimulated (left panel for each peptide) and 

peptide-stimulated (right panel for each peptide) CD8+ T cells for different peptides (P1, P2, 

P4, P6) after stimulation with peptides and TLR ligands using healthy donors PBMCs 

(D) Representative panels of dextramer staining in unstimulated (left panels) and peptide-

stimulated (right panels) CD8+ T cells using monocyte-derived dendritic cells. Right: 

summary table of the results obtained in 5 HLA-A2-positive healthy donors (HD12-16).  

(E) Summary (individual values and median) of IFN-γ stimulation index in 12 healthy donors 

PBMCs after stimulation with peptides and TLR ligands. IFN-γ stimulation index is defined 

as the ratio between specific IFN-γ+CD8+ T cells (peptide stimulated) and unspecific IFN-

γ+CD8+ T cells (non-stimulated with the peptide). Experiments performed independently 

(using different PBMC aliquots) of the dextramer staining for HD1, HD2, HD4, HD5, HD6 

and HD8. 

(F) Representative panels (n=5) of dextramer staining in unstimulated (upper panels) versus 

stimulated (lower panels) PBMCs from an HLA-A2-negative healthy donor 

(G) Representative panels of dextramer staining in unstimulated (left panels), long peptide-

stimulated (central panels) and MART-1 stimulated (right panels, positive control with 

staining with the corresponding dextramer) CD8+ T cells using monocyte-derived dendritic 

cells (n=4). Line 1: T cells stimulated (central panel) or not (left panel) with a P1-containing 

SLP (SLP1) (HD24); line 2: T cells stimulated (central panel) or not (left panels) with a P2-



 
 

 

containing SLP (SLP2) (HD25); line 3: T cells stimulated (central panel) or not (left panel) 

with a P6-containing SLP (SLP6) (HD26). 

IFN: Interferon, PBMCs: Peripheral Blood Mononuclear Cells, TLR: Toll-Like Receptor, TNF: 

Tumor Necrosis Factor; unstim: unstimulated; stim: stimulated; SLP: synthetic long 

peptide.  

  



 
 

 

 



 
 

 

Supplementary Fig. S5. Dextramer staining after feeder expansion and analysis of 3D 
structural models 

(A) Representative plots of dextramer staining of specific CD8+ T cells after feeder expansion. 

Dextramer staining was between 90 and 99% for TCR sequencing. 

(B) RMSD matrix between CDR loop conformations on the refined representative models. The 

RMSD is averaged over the 6 CDR regions with equal weights. 

(C): Clustering tree obtained from the RMSD matrix in B. High structural similarity is observed 

between TCR P1 and TCR P6 CDR loops, which share the same TCR alpha sequences. On 

the contrary, TCR P4 and TCR P2 CDR loops are structurally more distant. 

(D) Frequencies of inter-residue contacts obtained from the subsets of 25*4 models generated 

during the refinement protocol, that were used to identify the representative models. 

 

  



 
 

 

 
 
Supplementary Fig. S6. Epitope validation by MS and flow cytometry assays on T cells co-
cultured with tumor cells  
(A) Valid-NEO Transitions of peptide P6 (YAMSNLFSI) are shown on the chromatogram. 



 
 

 

(B) Gating strategy and representative plots for FACS analysis of IFN- γ produced by T cell co-

cultured with MDA-MB-231 

(C) Representative plots of IFN-γ analysis of CD8+ specific T cells co-cultured with MDA-MB-

231 in the different culture conditions. 

 
  



 
 

 

 
Supplementary Fig. S7. HERV expression in TNBC patients and organoids cell surface 
markers 

 (A) Overall survival according to 18-HERVs score in TCGA TNBC patients (all HLA subtypes, 

n=170). Patients were divided in three groups: blue line, high expression (n=57); green line, 

intermediate expression (n=56); red line, low expression (n=57) 

(B) Flow cytometry analysis of organoid-constituting cells including Ep-cam, CD44 and cD49f 

epithelial markers   

(C) Boxplot of mean expression of the 18 Cyt-HERVs expression in organoids RNAseq at early 

(T1) or late (T2) culture passage.  Mean expression is represented in log2 CPM +1. 

HLA: Human Leukocyte Antigen, TCGA: The Cancer Genome Atlas, TNBC: Triple-Negative 

Breast Cancer 

  



 
 

 

SUPPLEMENTARY TABLES  

 

 

Table S1: Number of samples from each cancer type included in the study. 

LAML, ESCA and STAD have been completely removed from the study due to skewed 

distribution. For normal tissue comparison, only studies with at least 10 peritumoral samples 

have been included.  

LAML: Acute Myeloid Leukemia, ESCA: Esophageal Carcinoma, STAD: Stomach 

Adenocarcinoma 

 



 
 

 

 

 

Table S2: Blast results of the 6 HERV peptides aligned against the human proteome.  

 

 

 

 

 



 
 

 

 

Table S3: Prediction of binding for the most frequent HLA-A and B alleles. Strong binders 

(rank <= 0.5 percentile) and weak binders (rank between 0.5 and 2 percentiles) are highlighted in 

yellow and green, respectively.  

 

 

 

 

Table S4: Summary of the results obtained with each epitope. Validated steps are indicated 

with “+”. Empty boxes indicate non performed/non validated steps. 

 



 
 

 

Movie S1. 

3D microscopy imaging using Nanolive technology of P1- specific T cells co-cultured with 

MDA-MB-231 cells 

Movie S2. 

3D microscopy imaging using Nanolive technology of P1- specific T cells co-cultured with 

HMEC cells  

Movie S3. 

3D microscopy imaging using Nanolive technology of dextramer-negative non-specific T cells 

co-cultured with MDA-MB-231 cells 

Movie S4. 

3D microscopy imaging using Nanolive technology of P6-specific T cells co-cultured with 

HCC1599 cells 

Movie S5. 

3D microscopy imaging using Nanolive technology of dextramer-negative non-specific T cells 

co-cultured with HCC1599 cells 
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