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Introduction

The immune system is perhaps the most ancient practitioner of proteomics; and as we delve into the more nuanced aspects of antigen processing and presentation, we learn more of the complexity of this essential process and Into a debate amongst the human practitioners of immunopeptidomics threatens to boil over and confer reputational damage to both the field and the investigators who use this technique.

Traditionally the art of proteomics has used the identification of tryptic peptides to infer protein expression, a process termed “bottom-up” proteomics. Notably, an analogous process is used by antigen presenting cells to alert the immune system to the presence of infectious micro-organisms, malignancy and other abnormalities within the body. This process known as antigen processing and presentation relies on the selection of peptide fragments of antigens and their presentation on the surface of cells as a bound complex with Major Histocompatibility Complex (MHC) molecules. The isolation and characterisation of these MHC-bound peptides, most commonly through the use of liquid chromatography and mass spectrometry, is a rapidly growing field coined immunopeptidomics.

Immunopeptidomics as a field has rapidly matured in the past decade and has moved from the domain of just a handful of specialised laboratories to now being more generally applied by the proteomics and immunology communities. The genesis of immunopeptidomics can be traced back to early work of the groups of Don Hunt with Victor Englehard and Alessandro Sette (1–5) and Hans-Georg Rammensee (6–9). It was in the early 90’s that I joined the field and was immediately struck by the generosity and encouragement of the established investigators – sharing anecdotes, methods and solutions to problems with a focus on growing the discipline and answering key questions of immune specificity whilst untangling the complexity of antigen presentation. This is something I have never forgotten and it has inspired me to “give back” to the field happily training the numerous visitors to my laboratory and publishing our methodology widely and in great depth (10, 11).

Fast forwarding a few decades there have been drastic and exciting changes to the immunopeptidomics field. Improvements in instrumentation, nanoscale separation sciences and data acquisition have provided extremely rich datasets. The maturation of informatic approaches to handle this challenging data has also facilitated routine analysis of these non-tryptic peptides allowing thousands of confident identifications to be made. However, it is clear that there are still informatic challenges in the peptide-centric data analysis pipelines (12, 13) with a much lower proportion of spectra confidently assigned from immunopeptidomics data compared with more conventional samples such as tryptic digests of cell lysates. The search to explain these dark elements of the immunopeptidome has driven differences in interpretation and peptide sequence assignments to these MS/MS spectra (12, 14–25).

These issues are most apparent when it comes to the presence of post-translationally spliced peptides in the immunopeptidome. Their presence in the immunopeptidome first came to note with pioneering work from Jonathan Yewdell and James Yang (26) and Nathalie Vigneron and Benoit van den Eynde (27–31) linking these peptides with immune responses primarily in cancer, as also confirmed by others (21, 32). Conventional wisdom immediately decreed their existence and the proteasomal generation of such spliced peptides as being a rare event. Their presence in several other disease states has recently been reviewed (23, 33) but perhaps most surprisingly (and controversially) the frequency of these peptides in the HLA class I immunopeptidome was reported to be up to one third of all peptides identified isolated HLA peptide ligands (15). This ground-breaking study from Liepe and colleagues (15, 19) has been confirmed by some (16) and disputed by others (17). But what are the outcomes from this study and the subsequent response by the field? It has certainly shone a spotlight on the uncomfortably large proportion of peptides in the immunopeptidome that cannot be readily assigned using reference proteomes. It has also driven developments in the informatics used to search immunopeptidomics data with improvements in assignments of post-translational modifications (34, 35), incorporation of proteogenomics databases (36) and a series of alternative workflows to address the presence of spliced peptides (16, 18, 20–22, 24, 25, 37–42). However, no consensus has been reached with somewhere between 0 and 45% of peptides in the immunopeptidome believed to be spliced. As a field where we go from here is critical – we could polarize to one extreme or the other, sit on the fence or actually address the question of what is the source of these peptide antigens that comprise the dark immunopeptidome. It is clear that several possibilities are emerging to explain a proportion of these peptides (in addition to a proportion of spliced peptides) including unanticipated post-translational modifications (24); the presence of poorly annotated non-canonical sources of antigen such as small open reading frames, translated 5′ UTRs, exon–exon junctions, intronic regions, non-canonical reading frames or antisense transcripts all of which can potentially generate immunogenic non-canonical peptides (36, 43); endogenous retroviral elements (44), the presence of microbial peptides (45). Each source of non-canonical peptide will have its supporters and detractors but perhaps none are essentially wrong and the major limitation at present is the ability to differentiate between the various explanations for the experimentally acquired MS/MS data we generate?

It is also time as a field that we decide how we debate these issues and in my opinion time to stop subjectively re-searching others data but to design and implement our own experiments to more definitely corroborate or repudiate various sources of antigenic peptides in the immunopeptidome. Our field has made great strides and can look back at great community initiatives: the human immunopeptidome project (46) that strives to advance the documentation of peptides available for immune recognition in a variety of healthy and diseased states; minimal information requirements for an immunopeptidomics experiment (47) and HLA peptide atlases (48, 49) and data repositories (50) that have driven improvements in predictive algorithms and will provide the data required for the next generation of AI-based informatic tools (25). Let’s use this same spirit to explore the immunopeptidome and illuminate its dark side as a community united in this purpose.
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