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One Sentence Summary: Neoepitope predictions only validate for 22% of HLA ligands which 

often challenges their link to HLA loss and the interpretation of responses to neoantigen vaccines 

 

Abstract: Peptide presentation on human leukocyte antigens (HLAs) is essential for initiating T 

cell responses and all consequences of this presentation including anti-cancer immunity or 

immune escape. Many studies have relied on in silico prediction tools rather than biological 

measurement of HLA presentation to study these effects. To better assess the frequency and 

consequences of neoantigen presentation, we overexpressed 125 combinations of full-length 

neoantigens and one HLA class I allele to experimentally validate presentation of mutated and 

non-mutated HLA ligands through HLA ligand isolation followed by tandem mass spectrometry. 

Successful presentation was observed only in 22% of predicted cases with strong implications on 

previously described downstream effects. For example, the association of HLA loss of 

heterozygosity with predicted neoepitopes was challenged for 58% (73/125) of combinations. 

Furthermore, when testing 51 sequences used for personalized mRNA neoepitope vaccines, we 

observed that clinical responses were independent of the presentation status of the neoepitopes. 

Even a presumably neoepitope-specific and strongly expanded TCR clone from a neoantigen 

vaccination study could not be linked to a successfully presented neoepitope. Overall, these data 

highlight the importance of validating the presentation of neoepitopes to fully understand our 

interpretation of clinical mutation-specific responses and their related effects, including immune 

evasion. 
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Figure S1: Transfection efficiency of KRAS G12V and representative HLA alleles (HLA-A*02:01 and HLA-

A*03:01) in COS-7 cells. (A–C) Representative flow cytometry histograms showing intracellular KRAS (G12V) 

expression and surface HLA expression in COS-7 cells transfected with KRAS G12V and either HLA-A*02:01 or 

HLA-A*03:01. Unstained and stained untransfected COS-7 cells were used as negative controls. (A) HLA-A*02:01 

expression. (B) HLA-A*03:01 expression. (C) KRAS (G12V) expression. (D) Donut plots showing the percentage 

of KRAS (G12V) positive cells (inner ring) and HLA-expressing cells (outer ring) for KRAS G12V/HLA-A*02:01 

(left) and KRAS G12V/HLA-A*03:01 (right) transfected COS-7 cells. 
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Figure S2: Overview of HLA ligands derived from endogenous and transfected proteins but 
presented only on the transfected HLA allele. Heatmap showing the number of detected peptides for 
each combination of HLA allele and neoantigen. The data included peptides derived from both 
transfected proteins and endogenously expressed COS-7 monkey genes. Only unique peptides meeting 
the following criteria were considered: a false discovery rate of 5%, a length between 8 and 15 amino 
acids, and a positive binding prediction by netMHC (EL Rank% ≤ 2). The color bar represents the range 
of peptide numbers, with varying colors corresponding to different peptide quantities. 
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Figure S3: Overview of HLA ligand predictions and neoantigen classification. (A) Bar diagram to 
compare success rate of peptide detection between HLA alleles. We calculated the number of MS-
detected mutated and unmutated peptides compared to predicted HLA ligand for all neoantigen/HLA 
combinations for which a neoantigen (regardless of its mutation) was at least tested in combination with 
three different HLA alleles. One-Way ANOVA test was performed for multiple comparisons, using HLA-
A*02:01 as the control for the analysis. (B) Correlation of private neoepitope presentation status with 
reported HLA-LOH across different studies. We identified combinations of HLA alleles and neoantigens 
that were investigated in the study by Montesion et al. (4) to be associated with significant (S LOH) or 
non-significant HLA-LOH (NS LOH) and matched these with the presentation status of neoepitopes report 
in this study (Zaghla et al.), Choi et al. (2021), and Gurung et al. (2023). Fisher's exact test was used to 
assess the correlation between HLA LOH and neoepitope detection. P-values are provided to indicate 
statistical significance for each comparison. (C-E) Complimentary analysis to Figure 1D-1I for private 
neoepitopes. Differences in prediction scores for detected and non-detected (=only predicted) HLA 
ligands. All scores were obtained by netMHCpan 4.1. (C) eluted ligand (EL) rank refers to a relative 
scoring trained on immunopeptidome datasets, whereas binding affinity (BA) rank in (D) is a relative 
scoring matrix based on affinity measurements between peptides and HLA complexes. In (E) we used 
absolute binding affinity predictions (IC50 in nM) as defined by netMHCpan 4.1. Unpaired Student's t-test 
was performed for statistical comparison. NS: not significant, *P < 0.05. 
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Figure S4: Mirror plots of MS2 spectra for detected neoantigens. Mirror plots showing MS2 spectra of 
the detected neoantigens eluted from different mutated protein/HLA combination cells (Experimental) and 
a predicted mirror plot (Predicted). Peaks represent b ions in blue and y ions in orange. 
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Figure S5: Skyline analysis of HLA-bound neoantigens. Relative abundance of precursor ions derived 
from peptides associated with the specified proteins, which were eluted from HLA mono-allelic COS-7 cell 
lines (Experimental). Additionally, it presents the Skyline-predicted relative distribution of isotopes of 
precursor ions (Predicted). “Precursor” denotes the intact peptide ion, while “+1,” “+2,” and “+3” indicate 
the same peptide detected in different isotopic variants. The figure also includes Idotp values, which 
represent the alignment of the predicted isotope pattern with the experimental observation. Values of 
greater than 0.9 are considered positive identifications but since these peptides were also detected with 
their fragmented spectra slightly smaller values are also acceptable. 
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Figure S6: Transfection efficiency for a representative HLA allele (HLA-A*02:01) in K562 cells. (A) 
Histogram showing surface HLA-A*02:01 expression in transfected and untransfected cells. Unstained 
and stained untransfected K562 cells were used as negative controls. (B) Bar graph showing the 
percentage of HLA-A*02:01 in transfected and untransfected K562 cells. (C) Bar graph showing the MFI 
of HLA-A*02:01 in transfected and untransfected K562 cells. 
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