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In Brief
Bravi et al. developed a �exible machine-
learning method to predict viral and
cancer antigens presented to killer T cells
by histocompatibility leukocyte antigen
(HLA) class I proteins. The method is
designed to deliver accurate predictions
in newly available samples for which little
information on the presenting HLA
proteins can be retrieved in existing
databases.
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SUMMARY
The recent increase of immunopeptidomics data, obtained by mass spectrometry or binding assays, opens
up possibilities for investigating endogenous antigen presentation by the highly polymorphic human leuko-
cyte antigen class I (HLA-I) protein. State-of-the-art methods predict with high accuracy presentation by HLA
alleles that are well represented in databases at the time of release but have a poorer performance for rarer
and less characterized alleles. Here, we introduce a method based on Restricted Boltzmann Machines
(RBMs) for prediction of antigens presented on the Major Histocompatibility Complex (MHC) encoded by
HLA genes—RBM-MHC. RBM-MHC can be trained on custom and newly available samples with no or a small
amount of HLA annotations. RBM-MHC ensures improved predictions for rare alleles and matches state-of-
the-art performance for well-characterized alleles while being less data demanding. RBM-MHC is shown to
be a �exible and easily interpretable method that can be used as a predictor of cancer neoantigens and viral
epitopes, as a tool for feature discovery, and to reconstruct peptide motifs presented on speci�c HLA mol-
ecules.
INTRODUCTION

Recognition of malignant and infected cells by the adaptive
immune system requires binding of cytotoxic T cell receptors to
antigens, short peptides (typically 8–11-mer) presented by the
major histocompatibilty complex (MHC) class I coded by histo-
compatibility leukocyte antigen class I proteins (HLA-I) alleles
(Figure 1A). Tumor-speci�c neoantigens, i.e., antigens carrying
cancer-speci�c mutations, are currently sought-after targets for
improving cancer immunotherapy (Yarchoan et al., 2017; Gar-
cia-Garijo et al., 2019). Computational predictions can help select
potential neoantigens and accelerate immunogenicity testing. To
be useful, these predictions must be speci�c to each HLA type.

State-of-the-art methods ( Mei et al., 2020; Abelin et al., 2017;
O’Donnell et al., 2018; Sarkizova et al., 2020), such as NetMHC
(Andreatta and Nielsen, 2016; Jurtz et al., 2017; Reynisson
et al., 2020), are based on arti�cial neural networks trained in a
supervised way to predict peptide presentation from the known
peptide-HLA association. They are trained on large datasets at
every method release and they provide peptide-scoring
schemes that perform best on frequent alleles and well-charac-
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terized alleles at the time of release. Their accuracy is degraded
for rare or little studied HLA-I alleles, which are poorly repre-
sented in databases. In that case, another approach is to train
unsupervised models of presentation from custom elution exper-
iments with little or no information about the peptide-HLA asso-
ciation. For instance, MixMHCp (Bassani-Sternberg and Gfeller,
2016; Bassani-Sternberg et al., 2017; Gfeller et al., 2018) can
reconstruct, from unannotated peptide sequences, a mixture
of generative models, one for each expressed HLA type. Howev-
er, it makes simpli�ed assumptions about binding speci�city and
is not designed to leverage available (albeit limited) annotation
information from the Immune Epitope Database (Vita et al.,
2019) (IEDB) to improve accuracy.

We present an alternative method for predicting peptides pre-
sented by speci�c class I MHCs based on Restricted Boltzmann
Machines—RBM-MHC. RBM-MHC is a scoring and classi�ca-
tion scheme that can be easily trained ‘‘on the �y’’ on custom da-
tasets, such as patient- or experiment-speci�c samples, and
more generally on newly available data. As such, RBM-MHC en-
ables improved predictions for rare alleles at a fast pace without
waiting for new releases of general software like NetMHC
uary 17, 2021 ª 2020 The Author(s). Published by Elsevier Inc. 195
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