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Editorial on the Research Topic:

Post-translational modifications of extracellular signaling molecules
and antigens in immune and inflammatory responses
Post-translational modifications (PTMs) exponentially increase the complexity of the

human proteome and ensure that the right form of each protein is expressed in specific

cells across our bodies at specific time points. Addition of functional groups or proteins,

as well as proteolytic cleavage, regulate protein structure, activity, localization,

immunogenicity and interaction with other proteins. Intracellular signal transduction

heavily relies on a cascade of PTMs that ensure rapid message relay, mobilization of key

enzymes and activation of appropriate cellular responses. However, also proteins with

extracellular function are subjected to PTMs, including proteolysis, ROS-induced

oxidative changes, carbamoylation and citrullination, which often occur at sites of

inflammation. PTMs of extracellular immune mediators and antigens exert profound

influences on all aspects of immunity.

In this Research Topic, we collated original articles and reviews illustrating current

research and opinions pertaining to immunoregulatory roles of PTMs in extracellular

signalling and highlighting the increasing interest in studying these PTMs in the context

of host defense, immunopathology, and cancer immunotherapy.

Proteolytic processing is an efficient method to regulate the biological activity of target

proteins. Proteases can efficiently inactivate and degrade substrate proteins or, on the contrary,

unlock their bioactivity by removing inhibitory domains. For example, proteolytic maturation

of IL-1 family members by extracellular proteases, derived from infiltrating immune cells at
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sites of inflammation, is considered as a safeguard mechanism

ensuring that the full biological potential of these cytokines is only

unleashedwhen required (reviewed in 1). Additionally, also proteases

from invading pathogens and allergens can activate some IL-1 family

cytokines (reviewed in 1, 2). In fact, it has been recently proposed

that IL-1 family members serve as sensors of aberrant proteolytic

activity (aptly named ‘Activity Recognition Receptors’), which is

often indicative of infection or tissue damage (2). Frezza et al.

demonstrate here that IL-1a and IL-36 cytokines are processed

and activated by a variety of proteases derived from common

allergens of plant, insect, fungal and bacterial origin, further

cementing the idea that IL-1 family cytokines have evolved to

recognize and signal the presence of exogenous proteases of

various origin.

Desialylation of proteins is perhaps a lesser-known PTM, yet

removal of terminal sialic acid residues from glycan chains can

drastically affect protein folding and function, influence protein-

protein interactions by unmasking or masking binding sites for

molecular partners, and expose or cover proteolytic sites. Lillehoj

et al. give an excellent overview of how desialylation of mucins,

highly glycosylated mucus-forming proteins, can contribute to the

development of various pathologies, in particular pulmonary fibrosis

and autoimmune diseases. Conversely, the authors also highlight the

protective role of mucin 1 desialylation by neuraminidase 1 against

Pseudomonas aeruginosa lung infection and further discuss the role

of the mucin-neuraminidase axis in infectious diseases.

Protein citrullination and homocitrullination, also known as

carbamoylation, occur on the basic amino acids arginine and lysine

respectively and lead to the loss of positive charge, which

consequently affects electrostatic properties and conformation of

themodified protein. This PTMhas attracted a lot of attention since

autoantibodies to (homo)citrullinated peptides were identified as

the most specific biomarkers for rheumatoid arthritis (RA). It has

been originally proposed that particular RA-associated variants of

the major histocompatibility complex (MHC) class II molecule

HLA-DRB1 contain a common sequence motif, the so-called

shared epitope, that favors binding of citrullinated peptides and

thus promotes presentation of citrullinated antigens to auto-

reactive T cells (3). However, in a minireview article, Roudier

et al. present an intriguing alternative ‘hapten-carrier model’

postulating that it is the citrullinating enzyme PAD4 that is

recognized by T cells and acts as a carrier for citrullinated

peptides (the haptens), thus facilitating the production of anti-

citrullinated protein antibodies. Interestingly, a variety of proteins

involved in the pathogenesis of RA are citrullinated. For example,

Grillet et al. detected citrullinated forms of matrixmetalloproteinase

9 in the synovial fluid of RA patients, although a causative link

between PTMs of matrix degrading enzymes and RA pathogenesis

remains to be established. In addition to RA, citrullination and

carbamoylation are actively studied in the context of tumour

biology. Amongst others, these PTMs have been shown to

regulate cell death, differentiation, epithelial-to-mesenchymal

transition and metastasis (4). Furthermore, citrullinated peptides
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are presented by antigen-presenting cells to CD4 T cells (5) and the

idea of using citrullinated tumour antigens for immunotherapy has

recently attracted a lot of interest. Cook et al. nicely show that

immunization with a homocitrullinated vimentin peptide induces

modification-specific CD4-mediated IFNg responses in mice and

has an anti-tumour effect in a mousemodel of melanoma. Symonds

et al. analysed MHC II ligands eluted from melanoma cells and

discovered that while some citrullinated epitopes identified by

peptide elution are indeed capable of inducing potent anti-

tumour Th1 responses, others promote IL-10 regulatory

responses instead. Furthermore, peptides with similar binding

affinity to MHC II molecules have potential ability to compete

within a combined vaccine prompting the need to carefully choose

and characterize the composition of vaccines based on (homo)

citrullinated peptides.

In conclusion, we believe that this Research Topic provides a

representative snapshot of current questions pertaining to

immunoregulatory effects of extracellular PTMs. The

contributions included in this Topic highlight interesting new

developments, and provide directions for future research in areas

ranging from host defense in barrier tissues, to pathogenesis of

autoimmune and chronic inflammatory diseases, and to tumour

immunobiology, thus emphasizing the broad influence of

extracellular PTMs on immune responses in general.
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