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1 | METHODS

Abstract

The immune system interacts with many nominal ‘danger’ signals, endogenous danger-
associated (DAMP), exogenous pathogen (PAMP) and allergen (AAMP)-associated
molecular patterns. The immune context under which these are received can pro-
mote or prevent immune activating or inflammatory mechanisms and may orchestrate
diverse immune responses in allergy and cancer. Each can act either by favouring
a respective pathology or by supporting the immune response to confer protective
effects, depending on acuity or chronicity. In this Position Paper under the collec-
tive term danger signals or DAMPs, PAMPs and AAMPs, we consider their diverse
roles in allergy and cancer and the connection between these in AllergoOncology.
We focus on their interactions with different immune cells of the innate and adaptive
immune system and how these promote immune responses with juxtaposing clini-
cal outcomes in allergy and cancer. While danger signals present potential targets to
overcome inflammatory responses in allergy, these may be reconsidered in relation
to a history of allergy, chronic inflammation and autoimmunity linked to the risk of
developing cancer, and with regard to clinical responses to anti-cancer immune and
targeted therapies. Cross-disciplinary insights in AllergoOncology derived from dis-
secting clinical phenotypes of common danger signal pathways may improve allergy

and cancer clinical outcomes.

KEYWORDS
AAMP, allergy, ALR, cancer, DAMP, danger signals, immune response, immunotherapy,
inflammation, NLR, PAMP, RLR, TLR, tolerance

2 | DATA SOURCES, SEARCH STRATEGY
AND STUDY SELECTION

WiILEY-L2"

This Position Paper is a product of the EAACI Working Group for
AllergoOncology, an expert panel of clinical immunologists, allergists, bio-
chemists and epidemiologists. The topic of the manuscript was identified
at the WG workshop in May 2020, and a streamline of relevant subtopics
was extensively revised and designated to individual WG members. After
following workshops and using a circulation process, the manuscript was
recirculated for review to the WG authors, compiled and again recirculated
for complete consensus on text, tables and figures. The final manuscript
was read and approved by all authors and represents an expert consensus
position, with recommendations summarized in the ‘Highlights box’.

Studies published in English were identified from PubMed. The
following keywords were used in the search strategy: (allergy OR
atopy) AND (tumor/tumour OR cancer OR malignancy) AND (dan-
ger signals OR damp OR pamp) AND (NK cells OR ILC OR mast cells
OR granulocytes OR APC OR T cells OR B cells OR clinical applica-
tions). References published within the 2000-2020 timeframe that
had not been otherwise identified in the initial search were added
where relevant. We reviewed approximately 500 published studies
relevant to this paper.
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3 | OVERVIEW

Title
Abstract

Part 1: Introduction to the danger signals: DAMPs, PAMPs and
AAMPs

Part 1a. Introduction to the DAMPs and PAMPS in Allergology and
Oncology—An overview

Part 1b. Introduction to the allergen-associated molecular pattern
(AAMPs)—How allergens can introduce danger?

Part 2: Danger signals in NK cells and ILC

Part 2a: Allergology

Part 2b: Oncology

Part 3: Danger signals in mast cells and granulocytes
Part 3a. Allergology

Part 3b. Oncology

Part 4: Danger signals and antigen-presenting cells
Part 4a. Allergology

Part 4b. Oncology

Part 5: Danger signals in T cells and B cells

Part 5a. Allergology

Part 5b. Oncology

Part 6: Clinical applications addressing danger signals
Part 6a. Allergy and clinical immunology

Part 6b. Oncology

Part 7. Conclusion

The chief danger in life is that you may take too many
precautions.
Alfred Adler

| know that every good and excellent thing in the
world stands moment by moment on the razor-edge
of danger and must be fought for.

Thornton Wilder

4 | PART 1. INTRODUCTION TO DANGER
SIGNALS: DAMPS, PAMPS AND AAMPS

4.1 | Part1a. Introduction to DAMPs and PAMPs
in allergology and oncology

Danger is metaphor with deep transcendent meaning for our lives
at the cellular, tissue and organismal levels. So-called danger sig-
nals can originate from either exogenous (pathogen-associated mo-
lecular pattern molecules, PAMPs or allergen-associated molecular
pattern molecules, AAMPs),! or endogenous (damage-associated
molecular pattern molecules, DAMPs). These signals are recognized

by the immune system, triggering response in both the innate and

Highlights

1. The immune context under which danger signals are
received can promote or prevent immune activation or
inflammatory mechanisms which are important deter-
minants in the course of allergic diseases and cancer.

2. Danger signals based on endogenous danger-associated
(DAMP), exogenous pathogen (PAMP) and allergen-
associated (AAMP) molecular pattern molecules, initiate
immune responses, however, acuity, chronicity and im-
mune context may influence the course of pathologies
such as allergy and cancer.

3. Allergens can introduce danger, and targeting AAMP-
induced signalling can be considered to overcome in-
flammatory responses in allergy and cancer.

4. Immune cell-derived mediators and danger signals in-
volved in allergic disorders (hypersensitivity versus
immune tolerance), also impact disease evolution in
malignancies (pro-tumour versus anti-tumour activity),
and the connected activities between these processes
in both disease fields (AllergoOncology) require further
study.

adaptive compartments,? with varying effects depending on their
acuity or chronicity. Charles Janeway introduced the infectious non-
self-model, where PAMPs are recognized as infectious non-self.®
However, this concept could not explain pathogenic self-recognition.
Later in 1994, Polly Matzinger introduced the concept of the Danger
Model, postulating that the immune system does not distinguish be-
tween self and non-self, but discriminates between ‘dangerous’ and
‘safe’ by recognition of pathogens or alarmin signals from injured or
stressed tissues.* Based on this model, Walter Land et al.> proposed
the concept of Danger Associated Molecular Patterns (DAMPs).
Pathogen-associated molecular pattern molecules are small mo-
lecular motifs well-conserved within a class of microbes. They are
recognized by Toll-like receptors (TLRs) and other pattern recognition
receptors (PRR) (Table 1). PRR are expressed on the cell surface or on
the membrane of intracellular organelles of both innate and adap-
tive immune cells. PRR also include nucleotide-binding and oligo-
merization domain NOD-like receptors (NLRs), AIM2-like receptors
(ALRs) and retinoid acid-inducible gene-1 (RIG)-like receptors (RLRs),
intracellular proteins that survey the cytoplasm for signs revealing
the presence of not only pathogen-encoded molecules but also of
pathogen-encoded activities termed ‘patterns of pathogenesis’.®
Several types of molecules can act as PAMPs. Bacterial lipo-
polysaccharides (LPS), consistently present in the cell membranes
of Gram-negative bacteria, are considered prototypic PAMPs.
LPS are recognized by TLR4 coupled with CD14 and Myeloid
Differentiation factor 2 (MD-2). Other PAMPs include (a) bacterial
lipoproteins and peptidoglycan recognized by TLR2; (b) parasite
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TABLE 1 List of danger signals (PAMPs and DAMPs) and their receptors

Exogenous pathogen-associated molecular pattern molecules (PAMPs)

Bacterial lipoproteins, for example, lipoteichoic acid (gram pos.) and
peptidoglycan (gram pos.), Pam3CSK4

Poly(l:C)

Single-stranded RNA,

Double-stranded RNA

LPS

Flagellin

CpG motifs

Endogenous Damage-associated molecular pattern molecules (DAMPs or

alarmins)

HMGBI protein

Heat shock proteins, For example, HSP27, HSP70

Reactive oxygen intermediates, for example, Hydrogen peroxide

Laminins, fibronectin, Tenascin C
hyaluronan
S$100 proteins (calgranulins)

Extracellular nucleotides (ATP, ADP, adenosine)

TSLP
Acid uric crystals
IL-33

flagellin recognized by TLR5; (c) lipoteichoic acid from Gram-
positive bacteria, recognized by TLR2 and TLRé; (d) nucleic acid
variants, usually associated with viruses, such as single-stranded
RNA, recognized by TLR7 and TLRS8, or double-stranded RNA,
recognized by TLR3; (e) unmethylated deoxycytidyl-phosphate-
deoxyguanosine (CpG) motifs, recognized by TLR9.” Furthermore,
the epithelium as a general barrier between an organism's interior
and exterior environments is a critical location, where PRR recog-
nize PAMPs and mount a local immune response.®
Damage-associated molecular pattern molecule are endogenous
molecules released by degranulating, stressed or dying cells, which
undergo necrosis, apoptosis or autophagy. The high-mobility group
box 1 (HMGB1) protein is the prototype of DAMPs. HMGB1 is rec-
ognized by TLR2, TLR4 and the receptor for advanced glycation end
products (RAGE).? Other DAMPs are heat shock proteins, reactive
oxygen intermediates, extracellular matrix breakdown products
such as fibronectin, heparan sulphate, biglycan, fibrinogen, oligo-
saccharides of hyaluronan and hyaluronan fragments, tenascin-C,
cardiac myosin and S100 proteins. Secondary mediators including
some neuromediators and cytokines, such as interferons, serve to
amplify the response to DAMPs. Non-protein DAMPs include ATP,
uric acid, heparan sulphate and denatured DNA. The activation of

PRRs by DAMPs is key in the pathogenesis of tissue injury, repair and

Receptors (PRR)
TLR1, TLR2

TLR3

TLR7, TLR8

TLR3

TLR4 coupled with CD14 and MD-2
TLR5

TLR9

Receptors (PRR)

RAGE, TLR2, TLR4
CD14, CD91, Scavenger receptors, TLR4, TLR2, CD40

Intracellular redox-sensitive proteins, for example, DNA, enzymes,
fatty acids

Integrins
TLR2, TLR4, CD44
RAGE

Pl, P2X and P2Y receptors (ATP, ADP)
Al, A2A, A2B and A3 receptors (adenosine)
Ecto-enzymes CD39/CD73

CRLF2, IL7Ralpha
CD14, TLR2, TLR4
ST2

regeneration in several of acute and chronic inflammatory diseases
including allergic disorders, asthma, atherosclerosis, neuroinflamma-
tion, and more recently, malignancy.'°-13

Accumulating evidence has led to recent advancements designed
to manipulate exogenous and endogenous DAMP signal pathways in
immunotherapy, both in allergic and oncologic diseases. Table 2 pro-
vides an overview of the most relevant danger signals from the areas
of allergy and oncology.

In this Position Paper, we provide a comprehensive overview of
danger signals in immune responses in allergy and in oncology and
we put forward the importance of considering how these should
be evaluated to inform both fields. Here, we focus on individual
immune cell types. Non-hematopoietic cells, such as epithelial
cells, endothelial cells or stromal cells, are considered beyond the
scope of this manuscript. We highlight and discuss potential clin-
ical applications addressing danger signals. We also describe new
concepts where the homeostasis of different patterns of associ-
ated compartments of the immune system may predispose and set
a tolerogenic (or oncogenic) or immunogenic (or allergenic) state.
This interplay of innate, humoral and cellular compartments may
serve to further understand the complex network of immune reg-
ulation between danger signals in allergy, oncology and the con-

nection between them (AllergoOncology) (Figure 1A,B).
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BOX 1 Examples of unknown mechanisms of danger signal interactions with immune cells in allergy and oncology

Unmet needs

2: NK cells and ILC
a: Allergology

To decipher the function of allergens with their AAMP, PAMP and DAMP signals on modulating

expression of activating and inhibitory molecules of NK cells and ILCs. How epithelial stress and
damage at the mucosal interface can interact with DAMP receptors (IL-33R/ST2) and TSLPR on
ILC and NK cell functions for better preventive measurements.

b: Oncology

Contrasting pro- or anti-tumoral activities of innate cells when activated by DAMPs appear to

be dictated by the individual microenvironment and specifically cancer type, histology. The
mechanism of how DAMPs regulate innate arms of immunity to enhance their anti-tumour
functions require further study in specific patient settings.

Innate cells play two predominant roles in the tumour microenvironment, the initial as ‘first
responders’, allowing rapid sensing of tissue damage or injury, and recruiting and maturing an
adaptive immune response. The latter is as entrained effectors, responding to adaptive effectors,
amplifying and enhancing antitumour effects.

3: Mast cells and granulocytes
a: Allergology
b: Oncology

To further identify granulocyte mediators with potential defensive responses against danger signals.
To further elucidate the mechanism by which DAMPs (e.g., IL-33, ATP, DNA/CpG motifs, HMGB1,

GM-CSF) in the clinical setting influence tumour growth by promoting survival of granulocytes
and modulating adaptive immune cells within the tumour.

4: Antigen-presenting cells

a: Allergology

To further investigate how the response of DCs and macrophages to AAMPs, PAMPs and DAMPs

influence allergic sensitization, and the resolution of the allergic inflammation. For instance, how
danger signals modulate M2/M2b polarization and, in concert, the tissue microenvironment.

b: Oncology

DCs and TAMs exhibit both anti- and a pro-tumoral effects, influenced by the different status of

activation and by the TME. To overcome tumour evasion and reset the DC and TAM immune
responses against tumours, it is necessary to understand which and how PAMPs and DAMPs re-
polarise these APCs towards a DC1- and M1-like phenotype, respectively, and consequently drive

a tumoricidal TME.
5: T cells and B cells

To understand the role of type-2 alarmins and their differences as well as yet undiscovered elements

In response to danger signals stimulation, B cells, as other immune cells, can have pro or antitumour

effects depending on the cancer type and especially on the immune context. At present, there
is a significant need for more studies aiming to get a holistic view of the immune infiltrate in
cancer, which may be achieved using the recently developed high throughput methods for

The most recent insights in tumour immunobiology and response to checkpoints suggest that B cells,
at the very least as sentinels of so-called tertiary lymphoid structures (TLS), portend a favorable

breach innate defence barriers, such as epithelial skin layers, leading

a: Allergology
between B and T cells and the epithelial barrier.
b: Oncology
proteogenomics and spatial proteogenomics.
prognosis.
4.2 | Part 1b. Allergen-associated molecular

pattern (AAMPs): how can allergens introduce
‘danger’?

Recent data suggest that danger signals can be derived from al-
lergens such as from pollen, house dust mite and Staphylococcus
aureus enterotoxin B (SEB) (Table 3), inducing antigen-specific IgE
production in atopic individuals. How capable a protein is in produc-
ing this response is often described as allergenicity and may depend
on several factors. Allergens somewhat unusual ability to provoke
an immune response is determined by their intrinsic functional prop-
erties. During sensitization as well as during the effector phase, it
is important that some allergens possess proteolytic functions that

to an interaction with effector cells such as mast cells, endothelial
cells, epithelial cells or stromal cells. This results in inflammation or,
when IgE is produced, in typical allergic symptoms such as rhinitis.
Examples of allergens with proteolytic functions are dust mites al-
lergens, which are involved in pectin degradation by means of hy-
drolytic enzymes, or non-hydrolytic enzymes such as the pectin
lyase from tree pollen. The major house dust mite allergen Der p
1 exhibits cysteine protease and endopeptidase activity which fa-
cilitates barrier disruption leading to activation of caspase-1 activa-
tion and induction of IL-1f and IL-18 release. Additionally, house dust
mite-induced activation of the NLR family pyrin domain-containing 3
(NLRP3) inflammasome may play a pivotal role in the pathogenesis of
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TABLE 2 Danger signals in allergology and oncology

Allergy involvement

Activates mast cells and eosinophilic
inflammation. Studies with anti-TSLP
are underway. ILC2 cells express alarmin
receptors: IL-33R/ST2 (suppression of
tumorigenicity 2), TSLPR.

Activates mast cells and eosinophilic
inflammation.

Activates mast cells and eosinophilic
inflammation. Studies with anti-IL-33
are used as treatment in various allergy
models.

Allergenic lipocalin peptides bind DAMP
formyl peptide receptors 3 (FPR3)
expressed by monocyte-derived DCs and
stimulate the Th2 microenvironment

Triggers the production of CCL2, a Th2-related
chemokine

n.d.

Promotes pulmonary type 2 immunity to mite
allergens at mucosal surfaces

Induce specific IgE production

Activates mast cells and eosinophils

Activates mast cells and eosinophils

Enhances influx of inflammatory cells in lung
epithelia in allergic mouse models

Induction of strong Th1 immune response
to counterbalance allergen-driven Th2
response

Modulates the immune response from Th2 to
Th17 to Treg

Abbreviation: N.d., not determined yet

Type of ‘danger signal’
TSLP

ATP

IL-33

Formyl peptide receptors 3
(FPR3)

HMGB1

HSP27

Serum amyloid 3 and A1 (SAA1)

Different allergens (pollens,
house dust mites)

Papain

Staphylococcus aureus

enterotoxin B

Adenosine

DNA/CpG motifs

LPS

WiILEY-L2”

Oncology involvement

Pro-tumorigenic in some models, anti-tumorigenic in other
studies

ATP from dying cells also activates P2X7R in DCs, leading
to pro-inflammatory IL-1f secretion through the
NLRP3 inflammasome, again targeting CD8+ T cells

Pro-tumorigenic in some models, anti-tumorigenic in other
studies

Reactive oxygen species-dependent Epidermal growth
factor receptor (EGFR) tyrosine phosphorylation

Leads to production of pro-inflammatory cytokines,
regulates monocyte recruitment, angiogenesis
and immune suppression. May also lead to NK cell
activation. HMGB1-induced TLR4 activation on
Tregs decreases IL-10, forkhead box P3 (FOXP3) and
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)
expression

Allows the formation of the metastatic niche for
secondary tumour growth

Allows the formation of the metastatic niche for
secondary tumour growth

n.d.

Inhibition of NFkB/AMPK signalling and p- AKT, p-ERK,
p-Stat3

Downregulates the expression of Transforming Growth
Factor-Beta (TGF-p) signalling transducers

Stimulation of the DAMP adenosine and its receptor A2A
on B cells can block signalling downstream of TLR4 and
the B-cell receptor (BCR) which inhibit B-cell survival
and can also promote VEGF-C expression, leading
angiogenesis and metastasis

TLR9Y dependent activation of antigen-specific anti-cancer
immune responses via plasmacytoid DC

Required for DC activation, which can then sense DAMPs
released through the activation of specific cell surface
receptors. LPS activation of TLR4 in Tregs enhances
their immunosuppressive activity and proliferation

atopic dermatitis (AD). Mutagens in skin cancer models have also
been demonstrated to provoke yd T-cell-dependent IgE production,
suggesting an unusual linkage between atopy and oncology.>¢
Lack of barrier-protective factors may act in this sense as immune
adjuvants. Examples are mutations in the filaggrin protein in AD in
which percutaneous allergen exposure, and thus sensitization, may
occur; and MHC haplotype variability, which may alter or amplify
T-cell activating signals, thus increasing the likelihood of developing

allergic responses.!’

Allergens seem to possess particular features that facilitate
immune activation. Most allergens are 5-100 kDa size proteins
or glycoproteins but are clustered in very few protein families
(Table 3). Many are dimers, oligomers or tend to form aggregates,
thereby forming the so-called AAMPs.! Thereby, they can interact
with soluble pattern recognition receptors, such as the hexam-
eric serum amyloid A, and initiate inflammation.*® The potential
sources of allergens are numerous, from foods to plants and ar-
thropod faeces. Some proteins contribute to adjuvant functions.
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General concept of danger signals
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FIGURE 1 General concept of Danger signals. (A) in Allergy. (I) Immune tolerance which is a state of unresponsiveness to a specific
antigen or group of antigens, appears in the absence of damage-associated molecular pattern molecules (DAMPs), so-called danger signals,
and it is present and only if a tolerogenic immune response is maintained. Regulatory T cells are responsible of maintaining tolerance among
other cellular mechanisms. (II) Host immunity requires a balance between inhibitory and activating signals resulting in B-cell-produced
immunoglobulins, IgG and IgE, and immune cell-derived cytokine pattern molecules including IL-4, IL-5, IL-13 and IL-33, among others. (l11)
Exogenous (PAMP or AAMP) or endogenous (DAMP) danger signalling results in humoral and cellular immune responses, including strong
cytokine-mediated orchestration of T-cell responses with a Th2-shift and a pronounced B-cell-derived IgG to IgE class switch, creating a
clinically allergic phenotype. (IV) Molecular repertoire is involved in different phases of the immune response, whose drivers or predominant
cells are largely unknown. T-cell and B-cell repertoire is randomly generated (the ‘Adaptome’). Epigenetic changes upon exogenous impact,
microbiome, genomic, mutagenic alterations or proteases from allergens are considered likely alterations which can drive allergy. (B) in
Oncology. (I) Tumours can arise following primary genomic instability (e.g., paediatric cancers) or secondary genomic instability (e.g.,
following chronic inflammation as in adult tumours). DAMPs (i.e., HMGB1) or PAMPs can support tumour progression, inhibit immune
surveillance and promote tumour-associated immune escape mechanisms. Cell death and release of DAMPs may also trigger chronic
inflammation and thereby promote the development and progression of tumours. Dysfunctional tumour-infiltrating lymphocytes (TIL) or
tumour cells maintain an immune incompetent microenvironment via secretion of TGFp, IL-10, IL-6 and others. Tregs maintain a tumour-
tolerant environment by secreting both IL-10 and TGFB. () Immune competence. The humoral and cellular immune responses are in balance
and protect from tumour antigens, genetic or epigenetic tumour-promoting events employing a range of cytokines and antibodies. (II1)
DAMPs (i.e., ATP) may exert protective functions by alerting the immune system to the presence of dying tumour cells, thereby triggering
immunogenic tumour cell death and T-cell activation signals. (IV) Molecular spreading arises during chronic inflammation. The ‘Adaptome’ is
shaped by epigenetic changes and the microbiome. MDSC (Myeloid-derived suppressor cells)

Enterotoxin produced by staphylococcal bacteria plays a role in
AD via breaching the innate barrier by forming pores in cell mem-
branes. It acts as a superantigen to non-specifically activate adap-
tive immunity. Others are proteins involved in innate defence and
specifically target immune cells. Animal-derived lipocalins or the
pathogenesis-related protein 10 (PR-10) proteins possess immune
regulatory properties when they transport ligands such as flavo-
noids, lipids, vitamins and steroids, but initiate danger signals in
their unbound form.?”?° The heat shock proteins which are an-
other allergenic protein family eliciting immunological danger and
being allergenic.

Allergens may carry danger signals that support allergenicity.
Examples are pollen-associated lipid mediators (PALMs) released
by pollen grains, which attract and may activate eosinophils and

neutrophils and modulate dendritic cell (DC) function,?* and HMGB1,
which binds to RAGE. Advanced glycation end products (AGEs), which
RAGE recognizes, are also present in foods such as cooked meat, oils,
cheese and other foods with high sugar content. A combination of
potential food allergens and AGEs may thus lead to sensitization and
food allergies.22

Extrinsic microenvironmental factors, which alter normal de-
fence mechanisms may also contribute to aIIergenicity.17 Bacterial
LPS, an example of a Thl adjuvant, acts through PRR including
TLRs, nucleotide-binding oligomerization domain-containing pro-
teins (NOD), Dectin and DC-specific intercellular adhesion molecule
3-grabbing nonintegrin (DC-SIGN/CD209).Y” Helminth-derived mol-
ecules, an example of a Th2 adjuvant, may also skew the immune
system towards Th2.
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TABLE 3 Danger signals associated with molecular allergens (AAMPs) or typical for allergen families

Allergen-family

With transport function
PR-10

Lipocalins

Subgroup of lipocalins:
fatty acid binding
proteins (FABPs)

Secreto-globulin,

Utero-globin

(Beta)-Expansins

NPC2 (Niemann-Pick
type C2)

Parvalbumins (a and )

Oleel
Ole e 1-like

Tropomyosins

Paradigms
(alphabetic) Source
e Alng1l e Alder
e Betv1 e Birch trees
e Coral e Hazelnut
e Fags1 e Beech
e Plaal e PlataneCross-
e Apigl reactive plant
e Arah8 food:
e Coral e Celery
e Daucl e Peanut
e Fraal e Hazelnut
e Glym4 e Carrot
e Mald1 e Strawberry
e Soy
e Apple
e Bosd2,5 e Cattle
e Canf1,2,4,6 e Dog
e Cavpl e Guinea pig
e Equcl e Horse
e Feld4,7 e Cat
e Musm1 e Mouse
e Orycl e Rabbit
e Phods1 e Hamster
e Derp13 o Mites
e Derf13
e Blot13
e CanfFeld e Dog
1-like e Cat
e Feld1 o Rabbit
e Oryc3
e Cynd1 e Bermuda grass
e Lolp1l e Ryegrass
e Phip1 e Timothy grass
e Phip2
e Canf2 e Dog
e Cat NPC2 e Cat
e Derp2 e house dust mite
e Derf2 e storage mite
e Cypcl e Carp
e Cluh1 e Herring
e Dals1 e Salmon
e Gadm1 e Codfish
e Rajc e Ray
e Scos1 e Mackerel
e Frauel e Ash
o Ligv1 e Privet
e Oleel e Olive
e Plall e plantain
e Anis3 e Anisakis
e Blot10 e Blomia tropic.
e Penm1 e Black Tiger Shrimp
e Pera7 e Cockroach

Mechanism of danger signal

Exposure of AAMPs by dimer
formation

Like lipocalins, PR-10 pollen allergens
sequester iron and are produced

in response to plant stress, like
microbial attack. Their withdrawal of
iron from immune cells favours the
survival of Th2 cells.

Their withdrawal of iron from
immune cells favours the survival of
Th2 cells.

Some lipid ligands hinder proteolytic
digestion of food allergens, promote
their thermal stability and absorption
(e.g., Arah 8)

AAMPs by dimer formation

These innate defence molecules
sequester iron from the environment,
thereby skewing immune cells
towards Th2, as Th1 are more
susceptible to iron deficiency.

Lipid binding protects against
degradation and enhances LPS/TLR4
signalling

AAMP bind to hexameric Serum
amyloid A, the complex activates
the SAA1-binding receptor, formyl
peptide receptor 2 (FPR2).

Yet not clear, potentially binding
TLR4 ligands and Th2 activation via
TLR4 and TLR2.

n.d.

Lipid binding molecules
Replace MD-2 subunit from TLR4
complex, initiate Th2 signals

Calcium sequestration

AAMPs by dimer formation.

AAMPs by repetitive epitope display

WiILEY-L2%

Physiological function

Pathogenesis-related

Transport function

Function: transport and
metabolism of large-chain
fatty acids

Hormone binding

Xylan-binding
Cell wall relaxation
Fruit ripening
Antimicrobial

Nutrient transfer

Participate in muscle
relaxation

Regulator of neuronal
signal transmission

Zn2+ binding

Signal transduction during
germination and growth
Immune activator

Troponin/Actin binding
Regulator of muscle
contraction

(Continues)
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TABLE 3 (Continued)

Paradigms
Allergen-family (alphabetic) Source Mechanism of danger signal Physiological function
Troponins e Cracé6 e Brown shrimp o AAMPs by repetitive epitope display e Calcium binding,
e Tropomyosin/Actin binding
e Regulator of muscle
contraction
Polcalcins e Alng4 e Alder n.d. e Calcium binding
e Phip7 e Tim. Grass e Growth regulation
Profilins e Pollen n.d. e Calcium binding
e Plant food e Actin binding
e Locomotion and shape
regulator
Manganese superoxide e AltaMnSOD e Alternaria n.d. e Manganese-binding
dismutase e Aspfé o Aspergillus e Anti-inflammatory
e Malas11 e Malassezia e Transform reactive oxygen
e Pisv4 e Pistachio species into molecular
oxygen
Oleosins e Arah15 e Peanut e Bind phospholipids, creating an oil n.d.
e Corail2 e Hazelnut body—potentially supporting mucosal
uptake
With barrier breach function
Cystein proteases e Derpl e House dust e Direct lytic effect: Degrade n.d.
e Derfl e storage mites extracellular matrix proteins and lead
e Papain e Plant food to an inflammasome response in the
e Blagl e German cockroach skin and release of IL-33.
frass proteases e Activate G-protein-coupled protease-

activated receptors (PARs)

Aspartate proteases e Blag2 e Cockroach e Aspartate protease activation of n.d.
e Alternaria fungus protease-activated receptor (PAR)-2
Arginine kinases e Derp 20 e House dust mite n.d. e Mg2+ binding
e Blag9 e Black tiger e Couple energy production
e Penm2 shrimps with cellular function
Alpha-Gal (mammalian o o-Gal e CatFeld5 e Presumably AAMPs by repetitive n.d.
meat allergy) e Ticks bite epitope display
e Red meat

With carrier, barrier breach and regulatory function

2S-Albumins e Anao3 e Cashew nut e Destabilization of membranes e Lipid binding
e Arah2 e Peanut resulting in leakage e Seed storage
e Arahé e Peanut e Presumably, the lipids inside may act e Pathogenesis-related
e Berel e Brazil nut on innate cells (INKTs)
e Corald e Hazelnut
e Fage?2 e Buckwheat
e Glym8 e Soy
e Jugril e Walnut
e MaciS2 e Macadamia nut
albumin e Poppy
e PapS2 e Pistachio
albumin e Sesame
e Pisvi1 e Mustard
e Sesil
e Sinal
7/11S Globulins e Arah1l e Peanut e Exposure of AAMPs by trimer/
(vicilins/legumins) e Corall e Hazelnut hexamer formation
e Glym5 e Soy e Destabilization of membranes
e Jugr?2 e Walnut resulting in leakage
e Jugré e Walnut e Globulins interact with
e Pisv3 e Pistachio phosphatidylcholine, which hinders

their digestion and activates DCs
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TABLE 3 (Continued)

Paradigms

Allergen-family (alphabetic) Source

LTPs (Lipid transfer e Fraa3 e Plants, nuts, fruits
proteins)
nsLTPs (nonspecific e Prup3 e Fruits
Lipid transfer e Apig2 e vegetables
proteins)
Phospho-lipases e Vesv1 e Wasp
(PLA1) e Wasp
e Vesv2
(PLA2)
Pectate lyases e Ambal e Ragweed
e Cupal e Arizona cypress
e Cryj1l e Jap. Cedar

Mechanism of danger signal

Physiological function

Destabilization of membranes e Lipid binding
resulting in leakage e Trafficking
Destabilization of membrane e Lipid binding
e Signal transduction
regulation

e Cell wall organization
e Antimicrobial activity

Cleaves fatty acids, important e Ca2+ binding
for downstream activation of the

inflammatory arachidonic acid

pathway

Potential interaction with cell

membranes of inflammatory cells

AAMPs by repetitive epitope display e Calcium binding
e Pectate lyase activity

Abbreviations: AAMPs, Allergen-Associated Molecular Patterns; N.d., not determined yet.

Additionally, irritants may serve as adjuvants. This is the case for
environmental pollutants including particulate matter, such as diesel
exhaust particles (DEPs) and viral infections. These may alter the de-
velopment of allergic sensitization through immunomodulatory effects
such as altering antigen-presenting cell (APC) functions and influencing
cytokine profiles.”” The concept of allergens expressing AAMPs may
open new opportunities for therapeutic interventions targeting AAMP/
receptor downstream signalling, in an analogy to danger signals cur-
rently being investigated and already applied in anti-tumour treatment.

5 | PART 2: DANGER SIGNALS IN INNATE
LYMPHOID CELLS (ILCS) AND NATURAL
KILLER (NK) CELLS

5.1 | Part2a.Allergology

While there is controversial evidence for a role of ILC1 and NK cells
in asthma, ILC2 are now known to be an integral part of the type 2
response that occurs in allergic diseases. ILC2 are key players sens-
ing epithelial stress and damage occurring at the mucosal interface
through expression of DAMP receptors (IL-33R/ST2 (suppression of
tumorigenicity 2) and TSLPR).2® Together with basophils and mast
cells, ILC2 provide early signals to other cell types involved down-
stream in the allergic response (DC, eosinophils, macrophages).24
Furthermore, IL-17-derived ILC3 have been associated with asthma
exacerbation in obese individuals?>?¢ (Figure 2A).

5.2 | Part 2b. Oncology

ILCs have been reported in many tumour types and have been
shown to exert both tumour-protective and tumour-promoting

capabilities. These functions likely depending on their specific sub-
sets (ILC1, ILC2, ILC3 or LTi), in a way that is similar to the different
CD4+ T helper cell subsets.?” Since ILCs display high plasticity, their
functions are determined mainly on their immediate environment,
such as the organ/tissue type, the cancer type and the nature of im-
mune cells they are in contact with (reviewed by?®).

ILCs express a variety of sensors for danger signals such as ST2,
IL-17RB or TSLPR. The DAMP IL-33, known for its modulation of
tumour-associated ILC2, is the most documented activator of ILCs.?’
IL-33-mediated ILC2 expansion conferred effective anti-tumour im-
munity against pancreatic cancer, particularly in combination with
PD-1 checkpoint blockade.®® Furthermore, tumour models genet-
ically manipulated to secrete endogenous IL-33 showed increased
accumulation of ILC2s secreting CXCL2/1 which promoted tumour
apoptosis via CXCR2 activation.®! In contrast, in a breast cancer
model, a time-dependent increase of endogenous IL-33 in primary
tumours and development of metastases was associated with an in-
crease IL-13-producing ILC2 and immunosuppressive cells including
M2 macrophages in the tumour microenvironment (TME).%? The IL-
33-related immunosuppressive properties of ILC2 were also demon-
strated to depend on the ecto-enzyme CD73 which in concert with
CD39, converts extracellular ATP to adenosine, an inhibitor of anti-
tumoral immunity.?® Similar effects were described during chemo-
therapy and radiation therapy before allogeneic hematopoietic stem
cell transplantation. As such, therapy-mediated tissue damage in-
duced extracellular ATP release, sensed by resident ILC3 expressing
the ecto-enzymes CD73/CD39, results in immune tolerance mani-
fested by reduced graft-versus-host disease (GvHD).*3

NK cells also play pivotal roles in anti-tumour innate immune re-
sponses via cytotoxic functions and cytokine and chemokine secretion.
PAMP and DAMP signals can modulate the expression of activating
and inhibitory ligands of NK cells, resulting in disparate, anti-tumour
or pro-tumour effects, respectively. For example, TLR5 stimulation
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FIGURE 2 Implication of danger signals in innate lymphoid cells (ILC) and natural killer (NK) cells in Allergology and Oncology. (A)

Schematic depicting of ILC2 as key players in type 2 immunity providing early signals to other cell types involved downstream in the allergic
response; and IL-17-derived ILC3 involved in ‘obese-asthma’ exacerbations, with a controversial role of ILC1 and NK in the suppression of
allergic response (Part 2A of the Position Paper). (B) Schematic depicting the ILC and NK role in oncology with progression and suppression
activity depending on their specific subsets, (determined by e.g., cancer type) and the danger signals which interact with, respectively

(Part 2B of the Position Paper). ATP, Adenosine 5'-triphosphate; CD39, Ectonucleoside triphosphate diphosphohydrolase-1; CD73, Ecto-
5'-nucleotidase; PD-1, Programmed cell death protein 1; CXCL2/1, Chemokine (C-X-C motif) ligand 2/1; CXCR2, Chemokine (C-X-C motif)
receptor 2; HMGB1, High-mobility group box protein 1; HSP70, Heat shock protein 70; IL, Interleukin; M2, M2 polarized Macrophage; ST2,

Suppression of tumorigenicity 2

via entolimod, a TLR5 agonist, improved survival in a murine model
of colorectal cancer metastasis to the liver. These anti-tumour effects
were associated with increased NK cell homing to the liver and NK cell-
mediated activation of DCs, which in turn stimulated CD8+ T cells.®*In
a glioma mouse model, HMGB1 release induced by the immunogenic

chemotherapeutic cyclophosphamide resulted in NK cell activation.®®

Furthermore, stress-, radiotherapy- or chemotherapy-induced mem-
brane and exosome-associated HSP70 could act as DAMPs to activate
NK cell-mediated cytotoxicity in vitro and in vivo.?’ Conversely, the
anti-inflammatory DAMP, adenosine, decreases NK cell maturation
and cytotoxic functions, by impairing perforin and IFNy release, result-
ing in tumour growth and metastatic spread>® (Figure 2B).
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6 | PART 3 DANGER SIGNALS IN MAST
CELLS AND GRANULOCYTES

6.1 | Part3a. Allergology

Mast cells (MCs), eosinophils (Eos), neutrophils and basophils are
armed with an array of PRRs (e.g., TLRs, NLRs, RLRs, ALRs, C-lectin
receptors). MCs are key sentinels of danger signals because of their
presence in nearly all body barrier tissues, while Eos seemingly share
this function mainly in the gut. IL-33 derived from epithelial cells
bound to MC via its specific ST2 receptor plays a crucial role in the
exacerbation of allergic diseases.*’

Mast cells activation is fundamental for the recruitment and
activation of blood granulocytes, especially in allergic reactions.
Allergens bind to IgE /FceRI complexes on MCs and basophils, re-
sulting in cellular activation and release of a vast array of preformed
and newly formed mediators. Additionally, some allergens (‘pseu-
doallergens’) can cause ‘direct’ MC and granulocyte activation. For
example, MCs and Eos can be activated by SEB binding to CD48 and
TLR2,%8 and papain binding to protease-activated receptor 2 (PAR-
2),% thereby modelling the danger mechanism of mite allergen Der
p 1.40 Interestingly, neutrophils, which do not play a major role in
Th2 immunity, are recruited to the airways by direct binding of pol-
len or animal dander to TLR4, MD-2 and CXCR2.** Moreover, MCs
and blood granulocytes can be activated by DAMPs released from
epithelial cells following cell damage, an event that occurs in allergic
reactions. Epithelial-derived molecules that may activate MCs and
granulocytes include DAMPs, such as TSLP, ATP and IL-33.4%4% In re-
gard to allergic immune responses, TSLP is released by skin, gut and
lung epithelial cells in response to danger signals and has been linked
to MC activation and eosinophilic inflammation.** Basophils can also
be activated by epithelial cell release of DAMPs that either directly
activate basophils or synergize with IgE-driven activation on the ba-
sophil surface to trigger IL-4 and IL-13 production.*>**¢ Furthermore,
B-cell-derived IgD binds to mast cells and basophils to activate these
cells to produce antimicrobial factors mounting an respiratory im-
mune defence.*’48

Importantly, MCs and blood granulocytes contain potent pre-
formed pro-inflammatory mediators in their cytoplasmic granules
that can promptly mount a ‘defensive’ response against danger
signals such as Staphylococcus aureus enterotoxin B.*’ Examples
include tumour necrosis factor o« (TNFa) and proteases for MCs, eo-
sinophil peroxidase (EPO) for Eos and myeloperoxidase for neutro-
phils (Figure 3A).

6.2 | Part3b.Oncology

The tumour-promoting or tumour-restricting abilities of innate
immune cells, including MCs, basophils, Eos and neutrophils,
within the tumour microenvironment (TME), may be modulated
by DAMPs of which IL-33, ATP, DNA/CpG motifs and HMGB1 are
widely studied.

Under the influence of IL-33, MCs and basophils can indirectly
favour neoplastic development via modulation of tumour-resident
myeloid cells. In a mouse model of gastric cancer, MCs responded
to tumour-derived IL-33 through the release of other factors such
as GM-CSF, CCL3 and IL-6, attracting macrophages that supported
tumour growth.>® Similarly, under the influence of IL.-33 and GM-
CSF, lung-resident basophils promoted polarization of alveolar
macrophages towards anti-inflammatory phenotypes with tumour-
supporting potential.51 Conversely, basophils can be activated by IL-
33, along with IL-3 and IL-18 to secrete CCL3 and CCL4, which can
attract CD8+ T cells into tumours, resulting in increased rejection of
melanoma tumours in vivo.>2 Several studies revealed that IL-33 can
directly activate cytolytic eosinophil function against cancer cells in
multiple murine models of cancer, such as hepatocellular,53 breast®®

I°* cancer. This activity is associated with the ability

and colorecta
of eosinophils to clear DAMPs through the release of potent per-
oxidases. In addition to these potential roles of IL-33, inflammatory
proteases released by MCs and neutrophils can cleave secreted IL-
33, modulating its biological activity and its subsequent influence on
tumour immunity,>> and mounting a ‘defensive’ response.*’

HMGB1 secretion by neoplastic cells can trigger the recruit-
ment and pro-tumoral functions of neutrophils. HMGB1 release by
ultraviolet-damaged keratinocytes supported melanoma genesis and
promoted lung metastases, a mechanism dependent on the recruit-
ment and the subversion of neutrophils towards a pro-angiogenic
state via TLR4 activation.>® In addition, hypoxia promoted the re-
lease of HMGB1 by primary tumours favouring lung metastasis
through the activation of cDé62L4m neutrophils in a mouse model
of triple-negative breast cancer. TLR2 signalling pathway activation
by HMGB1 directed cDé2L9m neutrophils to produce and release
neutrophil extracellular traps, which in turn promoted cancer metas-
tasis.®” Neutrophils respond to cell death and the release of DAMPs
by limiting the immune role of T cells; this may constitute a means
by which the tumour adapts to cell death signals that promote re-

parative proliferation to exert local immunosuppression (Figure 3B).

7 | PART 4 DANGER SIGNALS AND
ANTIGEN-PRESENTING CELLS (APCS)

71 | Part4a. Allergology

DCs and macrophages initiate and maintain allergen-driven Th2 im-
mune responses in the airways, with IL-4 as a key driver for alterna-
tive activation of macrophages and for the pathogenesis of asthma.”®
Macrophage features and functions are insufficiently studied in
human allergic diseases (most studies so far have been conducted in
murine models). Allergic asthma is associated with increased infiltra-
tion of alveolar macrophages (AM) with an alternatively activated
(M2) rather than the classically activated (M1) phenotype.>’ Damage
and activation of the respiratory epithelium through DAMPs, such
as those induced by viruses®® and uric acid®! generated during tissue
damage, probably induce ingression of DCs from the bone marrow.
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FIGURE 3 Implication of Danger signals in Mast cells and Granulocytes in Allergology and Oncology. (A) Schematic depicting allergic
diseases progression driven by mast cells, basophils, eosinophils and neutrophils activated by allergens (AAMP) and epithelial damage
(DAMP) through the FceRI and ‘direct’ activation (Part 3A of the Position Paper). (B) Schematic depicting oncologic disease progression
and suppression by mast cells, basophils, eosinophils and neutrophils activity based on their interaction with DAMPS such as IL-33, ATP,
DNA/CpG motifs and HMGB1 with different behaviour determined by cancer type; for example, pro-angiogenic activity of neutrophils
in melanoma and the release of extracellular TRAPS in triple-negative breast cancer; the tumour grow activity of MCs stimulated by
IL-33 in gastric cancer; the cytolytic function of eosinophils in various cancer types and basophils activated by IL-33, recruiting CD8+

T cells inducing rejection of tumour cells in melanoma (Part 3B of the Position Paper). ATP, Adenosine 5'-triphosphate; BAS, Basophil;
CCL3, C-C Motif Chemokine Ligand 3; CXCR2, Chemokine (C-X-C motif) receptor 2; Eos, Eosinophil; FceRI, Fc epsilon Rl or high-affinity
IgE receptor; GM-CSF, Granulocyte-macrophage colony-stimulating factor; HMGB1, High-mobility group box protein 1; IL, Interleukin;
IgE, Immunoglobulin E; MC, Mast cell; MD-2, Myeloid differentiation factor 2; M2, M2 polarized Macrophage; Neu, Neutrophil; SEB,
Staphylococcus aureus enterotoxin B; TME, tumour microenvironment; TLR, Toll-like receptor 2/4; TNBC, Triple-negative breast cancer;
ST2, Suppression of tumorigenicity 2
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PAMPs, such as LPS, are required for DC activation and triggering im-
mune responses.®2% In atopic dermatitis (AD), TLR2-mediated sens-
ing of Staphylococcus (S) aureus is strongly impaired in Langerhans
cells and inflammatory DCs and contributes to immune deviation in
AD and lack of S. aureus clearance.®*

DCs and macrophages can sense DAMPs released through the
activation of specific cell surface receptors (Table 1). For example,
P2X7R expression is higher in M2-type than in M1-type AMs; P2X7R
activation by ATP can induce M2-type AM polarization and inhibit
M1 AM polarization, while blocking of P2X7R has the opposite ef-
fect.®> However, DAMP signals are also involved in the polarization
of macrophages towards an immunoregulatory, that is, M2b pheno-
type. Increased production of HMGB1, a Thil-associated DAMP, in
the plasma of severely burned patients during the acute phase can
trigger the production of CCL2, a Th2-related chemokine. CCL2 can
stimulate macrophages towards M2b-like polarization,®® the same
phenotype involved in IgG4-related tolerance induced by allergen
immunotherapy (AIT)®” (Figure 4A). APCs express a wide variety of
PPRs (for DAMPs, PAMPs and AAMPs). Investigation of homeostatic
versus allergic states can help identify targets to inhibit inflamma-

tion associated with allergy.

7.2 | Part4b. Oncology

Modulation of antigen-presenting capacity by various danger sig-
nals is starting to be understood as an important feature of tumour
evasion. Harold Dvorak's comparison of the TME to an impaired
wound healing process placed DAMPs into the limelight as prime
modulators of APC functions during tumour defence. Tumour pro-
liferation triggers substantial cell death-associated DAMPs, and DCs
and tumour-associated macrophages (TAMs) frequently orchestrate
the downstream immune response.f’g'69 The main consequences of
DAMP-mediated modulation of antigen presentation in tumours are
as follows: (i) shifting of primary T-cell responses, (ii) modulating ef-
fector T-cell responses and/or (iii) influencing the APC-derived cy-
tokine milieu. This response can either manifest as immunogenic cell
death (ICD), whereby DAMP engagement of APCs induces antigen-
specific anti-cancer immunity; or alternatively, as tolerogenic cell
death (TCD), through immunologically silent clearance of cancer
cells and their associated antigens.®® The balance between these
two states is delicate and frequently influenced by the phenotype of
the APCs engaging DAMPs.”0772

In the context of triggering immunogenic cell death, chronic
exposure to DAMPs within the TME can contribute to the migra-
tion and maturation of DCs, which induce anti-cancer responses by
presenting cancer antigens to T cells.”® Dying cancer cells release
nucleic acids sensed by PRR on DCs, that trigger RIG-I/MDAS5 and
cGAS-STING pathway activation, leading to IFN secretion and
DC cross-priming of naive CD8+ T cells in tumour-draining lymph
nodes.”* Furthermore, ATP from dying cells stimulates tumour and
immune cells to release further ATP which activates P2X7R and the
NLR-NLRP3 inflammasome in both macrophages and DCs, leading

to pro-inflammatory IL-1p and TNF secretion and increasing Th1 and
CD8+ T-cell immunity.”>7¢

In contrast, DAMPs can establish a pro-tumorigenic response, by
inducing macrophage polarization to M2-like phenotypes resulting
in poor cancer prognosis. HMGB1, with its thiol group in a reduced
state, binding to CXCL12 expressed by TAMs, induces chemotaxis via
CXCR4 and regulates monocyte recruitment, angiogenesis and im-
mune suppression.77 Moreover, HMGB1, interacting with RAGE,70'72
or via the HMGB1-TLR2-NOX2-autophagy axis,”! promotes the
monocyte differentiation to anti-inflammatory pro-tumour M2-like
macrophages, allowing the formation of a metastatic niche for sec-
ondary tumour growth. This has been described in lung cancer with
released HSP27 interacting with macrophage-associated TLR3, and
in breast cancer by induction of serum amyloid A3 (SAA3) interact-
ing with TLR4.”7 Furthermore, M2 TAM subsets exhibit high expres-
sion of ectonucleotidases, CD39 and CD73, which scavenge ATP and
hydrolyse it to adenosine,”® promoting immunosuppression by driv-
ing a TCD response, and potentiating TAM pro-tumour functions,
such as vascular endothelial growth factor (VEGF)-mediated angio-
genesis’® (Figure 4B). After chemotherapy or radiotherapy, tumour-
derived DAMPs activate innate cells that produce pro-inflammatory
cytokines. However, chronic inflammation on the one hand leads
to autoimmunity, while on the other hand ultimately increases the
population of immunosuppressive cells in the tumour microenvi-
ronment.”” It was shown that infiltration of leukaemia cells into the
bone marrow rewires the tissue environment to inhibit the phago-
cytic capacity of macrophages. Resistance to macrophage-mediated
killing can be overcome by combination of therapeutic antibodies
and chemotherapy.”’ Besides, tumour-derived DAMPs elevate the
expression of immune checkpoint molecules that allow tumours to

evade immune responses.

8 | PART 5 DANGER SIGNALS IN T CELLS
AND B CELLS

8.1 | Part5a. Allergology

TLRs are expressed by adaptive immune cells, such as B cells, CD4+
and CD8+, y8 T cells and CD4+CD25+ regulatory T-cell (Treg) pop-
ulations.®® There is a concentration dependency leading to an im-
mune outcome. For example, an increase in the levels of TLR ligands
such as LPS can change the immune outcome from Th2 to Th17 to
Treg, and thus, higher doses can counteract allergic responses.8!
Pro-inflammatory Th1l cytokines promote TLR expression,
whereas Th2 cytokines appear to dampen TLR expression and func-
tion in both resting and Thl cytokine-primed human intestinal epi-
thelial cells.®? Similarly, TLR ligands can directly modulate adaptive
immune cell functions. Bacterial lipopeptides Pam3CSK4 (TLR1/
TLR2), flagellin (TLR5), and R-848 (TLR7/8) can co-stimulate pro-
liferation and cytokine secretion in human memory CD4+ T cells,
whereas TLR3 ligand poly(l:C) and TLR2 ligands increase IFN-y and
IL-6 secretion in T-cell receptor (TCR)-stimulated yd T cells. TLR
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FIGURE 4 Implication of Danger signals in antigen-presenting cells (APC) in Allergology and Oncology. (A) Schematic depicting states
of allergic diseases depending on the interaction of DC and macrophages with ‘danger signals’ (DAMPs) which interact with, inducing
progression (DC activation and macrophage polarization to M2) or suppression (macrophages polarization to M1) (Part 4A of the Position
Paper). (B) Schematic depicting states of oncologic disease progression/suppression based on the DC and macrophages interaction with
DAMPs: the response can either manifest as immunogenic cell death (ICD), creating an antigen-specific anti-cancer immunity (by DC a
M2); or alternatively, as tolerogenic cell death (TCD), through immunologically silent clearance of cancer cells, related to macrophage

polarization to M1 (Part 4B of the Position Paper). ATP, Adenosine 5

"-triphosphate; DC, Dendritic cell; DNA, Deoxyribonucleic acid; CD39,

Ectonucleoside triphosphate diphosphohydrolase-1; CD73, Ecto-5"-nucleotidase; HMGB1, High-mobility group box protein 1; HSP27,
Heat shock protein 27; IL, Interleukin; Mono, monocyte; M1, M1 polarized Macrophage; M2, M2 polarized Macrophage; P2X7R, P2X
purinoceptor 7; PRR, pattern recognition receptors; RAGE, receptors for advanced glycation end products; SAA3, serum amyloid A3; TLR,

Toll-like receptor; TNFa, Tumour necrosis factor

ligands have also been implicated in the survival and modulation of
the suppressive capacity of Tregs.

In B cells, B-cell receptor (BCR)-mediated and TLR signalling
pathways interact and synergize to enable T-cell-independent class
switching.83 Importantly for allergic diseases, danger signals are
translated by epithelial cells which then produce serum amyloid A
and the DAMPs TSLP and 1L-33'® to drive Th2 immune responses.
Epithelial cells are also capable of responding to other environ-
mental triggers from changes in ion or oxygen concentration, me-
tabolites from food or microbiome or even sunlight. Interestingly,
epithelial cells also commit to a type 1 or type 2 polarized expression
profile,2* which is characterized by distinct functions. They respond
by release of IL-33 which exerts its effects by activating the ST2/IL-
1aR receptor, expressed constitutively on Tregs, MCs, Th2 and ILC2
cells, the predominant ILC population in the lung. After binding to its
receptor, IL-33 activates NF-kB, which likely regulates the outcome

of diseases such as atopic dermatitis (Figure 5A).

The danger model according to Polly Matzinger ¢ reflects the
integration of the adaptive and innate immunity in immune regula-
tion, where APCs activate T and B cells, leading to production of
specific antibodies. Those antibodies recognize foreign antigens,
which may act as danger to the organism. As such, immunoglobu-
lins play a central role in danger-associated immune responses. As
discussed in our previous Position Paper, IgE is not only associated
with allergic disorders, parasitosis and specific immunological ab-
normalities but also epidemiologic and mechanistic evidence indi-
cates a role for Ige-mediated immune surveillance and protection

from tumour growth.?’

A less well-studied antibody class, immuno-
globulin D (IgD), is upregulated in the bronchial mucosa in asthma,
and the IgD repertoire shows a high level of somatic hypermuta-
tion.8>8¢ Bjoinformatics analyses of the IgD repertoire indicate that
the somatic mutations in IgD are antigen driven, although less so
compared to other isotypes.86 Clinical studies demonstrate an as-

sociation between asthma and infection of the bronchial mucosa
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immune response related to an increase in the levels of TLR ligands (Part 5A of the Position Paper). (B) Schematic depicting states of
oncologic disease based on the interaction of DAMPs and PAMPs which can shape adaptive immunity, potentiating anti-tumour or pro-
tumour B-cell phenotypes and in suppressing the proliferation and differentiation of effector T cells and in provoking enhanced suppressor
activity of Tregs (Part 5B. of the Position Paper). A2A; Adenosine A2A receptor; B, B cell; Breg, Regulatory B cells; CpG, Deoxycytidyl-
phosphate-deoxyguanosine; CTLA-4, Cytotoxic T-lymphocyte-associated protein 4; DC, Dendritic cell; Foxp3, forkhead box P3; HMGB1,
High-mobility group box protein 1; IDO; Indoleamine 2,3-dioxygenase; IL, Interleukin; LPS, Lipopolysaccharides; ST2, Suppression of
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with the common commensal bacteria, Moraxella catarrhalis and 8.2 | Part5b. Oncology

atypical Haemophilus influenzae.t®® These bacteria express IgD-

binding proteins that induce the polyclonal proliferation of naive Danger signals in cancer are employed by tumour cells, including
IgD+B cells and heavy-chain class switch recombination.?-"! Class dying tumour cells and the surrounding ones, to orchestrate the
switch recombination and somatic hypermutation are catalysed by TME and create immune tolerance and dysfunction by interacting

the same enzyme (activation-induced cytidine deaminase or AID) with APC or T cells directly. The prototypic danger signal HMGB1,

and occur together in germinal centre reactions involving both pro- found in many tumours, triggers TLR-mediated induction of tumour
cesses of genetic recombination, unique to immunoglobulin genes antigen-specific T cells, which in turn recruit tumour-promoting
and TCRs. We suggest that the antigens recognized by IgD antibod- macrophages or retain CD8+ cytotoxic T cells in an anergic state.
ies may include local proteins in the bronchial mucosa, such as those Moreover, tumour-derived DAMPs induce tumour-specific Tregs
expressed by bacteria in asthma patients. It is proposed that the directly or via DC and mount a strong tumour tolerance to engi-
mutual antagonism between the antigens and antibodies signifies a neer an escape from immune control.’® The enzyme indoleamine
standoff between the bacteria and host in commensalism.8>8¢ gD 2,3-dioxygenase (IDO) (produced by immune cells or cancer cells)
is an isotype that is known to interact with innate immune proteins, causes degradation of tryptophan, thereby suppressing proliferation
such as Galectin-9 and CD44 on basophils.*® It may therefore not and differentiation of effector T cells and provoking enhanced sup-
only deliver a stimulus for switching to IgE, but can also amplify Th2 pressor activity of Tregs.”?

responses and cause the exacerbation of asthma and other inflam- B cells in the TME can have anti-tumour activity, however, regu-
matory diseases affecting the lungs, for example, autoimmunity and latory B cells (Bregs) support pro-tumour immune responses. In can-
cancer. cer, stressed and dying cancer cells can release DAMPs and, in some
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cases, there could be loss of barrier integrity with consequent flux
of PAMPs. DAMPs and PAMPs can shape adaptive immunity, poten-
tiating anti-tumour or pro-tumour B-cell phenotypes.93 Stimulation
of the DAMP adenosine and its receptor A2A on B cells can block
signalling downstream of TLR4 and the BCR which inhibit B-cell
survival and can also promote VEGF-C expression, leading to an-
giogenesis and metastasis.”* The PAMP and TLRY ligand CpG can
induce anti-tumour B-cell phenotypes and repolarize Bregs into B
effector cells.”® In contrast, immunogenic chemotherapeutic oxal-
iplatin treatment was associated with increased tumour-infiltrating
IgA+PD-L1+IL-10+ B cells which inhibited oxaliplatin-induced tu-
mour regression and anti-tumour CTL in a murine model of prostate
cancer.”® Furthermore, HMGB1 stimulated Bregs ex vivo suppressed
CD8+ T-cell activity.”

Also, LPS can activate B cells via TLR4-dependent signalling,
while cytokine secretion by T cells seems to be unaffected or may
have their functions impaired. Unlike the engagement of TLR1/2,
LPS activation of TLR4 in Tregs enhances their immunosuppressive
activity and proliferation. In contrast, HMGB1-induced TLR4 activa-
tion on Tregs decreases IL-10, forkhead box P3 (FOXP3) and cyto-
toxic T-lymphocyte-associated protein 4 (CTLA-4) expression. The
activation of similar kinds of TLRs may thus have a pro-tumour or
anti-tumour effect in different types of cancers.

B cells differentiate into plasma cells, which in allergic patients
produce high levels of allergen-specific IgE. While elevated serum
IgE is generally associated with allergic/atopic conditions, very
low or absent IgE may hamper anti-tumour surveillance, indicat-
ing the importance of a balanced IgE-mediated immune function.
Epidemiologic studies indicate that IgE has a surveillance function
in cancer, and since solid tumours are infiltrated by IgE receptor-
expressing immune cells, anti-tumour IgE may result in antibody-
dependent cell-mediated cytotoxicity (ADCC) and phagocytosis
(ADCP) of cancer cells?’ (Figure 5B). On the other hand, the impact
of anti-IgE therapies (used to treat allergic diseases), in the devel-
opment of malignant diseases is yet unclear and must be further
investigated.

9 | PART 6 CLINICAL APPLICATIONS
ADDRESSING DANGER SIGNALS

9.1 | Partéa. Allergy and clinical immunology

Individual pathways through which danger signals contribute to the
pathophysiology of various allergic and immunologic disorders have
been described. For instance, several studies have recently demon-
strated an important role of endogenous danger signals at the in-
ception and maintenance phase of allergic disease.®? For example,
generation of danger signals by the reactive drug metabolites rep-
resents a proposed mechanism for certain drug-induced cutaneous
reactions. Danger signals result in lymphocyte activation with dam-
age of the target cell, whereas in the absence of the stress signal,

no activation is provided and tolerance of the drug results.”®%? In

addition, since HMGB1 levels are significantly increased in allergic
rhinitis,’°© while promoting smooth muscle contraction via TLR4 in
the upper airways in allergic asthma,'®! a potential therapeutic inter-
vention targeting HMGB1 has been proposed.102

Therapeutic strategies to target HMGB1 by binding and neutral-
izing extracellular HMGB1 currently include small molecule drugs
and antibodies which antagonize TLR4 and RAGE (extracellular
HMGB1 receptors), as well as decoy receptors.’®® Some drugs such
as metformin which is approved for the treatment of type 2 diabetes,
have off-target effects by directly binding HMGB1.1%* Other drugs
designed to target HMGB1 have only been tested preclinically in dif-
ferent inflammatory diseases.'®> With regard to allergy treatment,
some data exist on the HMGB1 binding compound glycyrrhizin
(GLT), a natural anti-inflammatory and antiviral triterpene in clinical
use, which inhibits the chemoattractant and mitogenic activities of
HMGB1.1% Topical glycyrrhizin application reduced the content of
HMGB1 in nasal fluid of rhinitis patients as well as decreased the
number of eosinophils, which would normally release high amounts
of HMGB1.192

Auto-inflammatory disorders, such as hereditary periodic fe-
vers (HPFs) or cryopyrin-associated periodic syndrome (CAPS),
involve mutations in the gene coding for NLRP3, characterized by
aberrant inflammasome hyperactivity and constitutive IL-1p pro-
duction. These patients present with unexplained and recurrent
fever, severe inflammation, arthropathy, chronic urticaria or central
nervous system involvement. IL-1p inhibitor treatment results in
dramatic improvement of symptoms.107 Interestingly, activation by
apolipoprotein E (a concentration-dependent pulmonary danger sig-
nal) of the NLPR3 inflammasome and subsequent IL-1p secretion by
bronchoalveolar fluid macrophages has been observed in asthmatic
subjects.108 Moreover, NLRP3 inhibitors in asthma models decrease
pulmonary inflammation, making NLRP3 a potential therapeutic tar-
get in severe asthma.1®? Similarly, activation of the NLRP3 inflam-
masome by AAMP danger signals originated from dust mites has also
been also described in the pathogenesis of atopic dermatitis.**

IL-33is considered to be a key factor in the development of differ-
ent allergic disorders, especially asthma®® and atopic dermatitis.**
Anti-1L-33 and anti-TSLP agents are being studied as treatments in
various allergy models. For example, a phase 2a study of etokimab,
an IgG1 anti-IL-33 monoclonal antibody, showed significant clinical
improvement in patients with moderate-to-severe atopic dermatitis.
Treatment was associated with decreased peripheral eosinophilia
and reduction in skin neutrophil infiltration.!*? Stimulation of indi-
vidual cells by alarmins results in production of IL-4 and 1L-13.4 As
such, dupilumab, the monoclonal antibody targeting the IL-4 and IL-
13 pathways is used in the treatment for asthma, atopic dermatitis
and chronic rhinosinusitis with nasal polyps.!*®

Allergen immunotherapy (AIT) is the only disease-modifying
therapy for allergic rhinoconjunctivitis, asthma and other aller-
gic conditions. Several adjuvants are used to induce a more rapid,
potent and long-lasting AIT immune response, by acting as immu-
nostimulatory agents: aluminium hydroxide, calcium phosphate, mi-

crocrystalline tyrosine (MCT) and (monophosphoryl lipid A MPL).1**
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If aluminium hydroxide is used as an adjuvant in certain subcutane-
ous immunotherapy (SCIT) protocols, the damaged tissue releases
endogenous signals, such as uric acid which may stimulate the
NLRP3 inflammasome, a caspase-1 activating complex that induces
inflammation. Contrastingly, specific allergen tolerance is achieved
through sublingual-specific immunotherapy (SLIT) in the absence of
danger signals, where the effector cells are biased towards induction
of Th1 and IL-10 producing CD4+ Tregs, resulting in tolerance as
opposed to inflammation.**®

Peptide immunotherapy (PIT) is a new type of allergen-specific
immunotherapy, aimed at increasing clinical tolerance to the aller-
gen while reducing the potential risk of systemic allergic reactions.
Through PIT, the administered ‘immunodominant’ peptides from
specific allergens in the absence of danger signals (e.g., in the ab-
sence of LPS and/or an adjuvant), can generate T-cell tolerance.
This is the opposite of administering of the same peptide with an
adjuvant, which promotes an inflammatory/immunogenic response.
Soluble peptides administered by intranasal, oral, intravenous, sub-
cutaneous and intradermal routes, all have the potential to induce
tolerance.*'® Another approach towards allergen immunotherapy
with potential lower side effects than the current AIT may be ad-
ministering a mixture of allergens together with immunostimulatory
oligodeoxynucleotide sequences (ISS-ODN). These sequences are
bacterial DNA motifs containing unmethylated cytosine residues in
the sequence CpG, which act via the cytosolic TLR9 receptor in DC

and serve as adjuvants that promote a Th1 response.'*’

9.2 | Part 6b. Clinical applications addressing
danger signals in Oncology

9.2.1 | Activating danger signals as a therapeutic
approach for cancer

Activation of TLRs by DAMPs or PAMPs can result in the secretion
of pro-inflammatory cytokines. Consequently, diverse TLR agonists
have been designed as therapeutics against cancers. Successful
studies have involved imiquimod, a TLR7 agonist, used in skin cancer,
and Bacillus Calmette-Guérin (BCG), a nonspecific agonist of TLR2/
TLR4 applied in bladder cancer treatment. Both applications result in
increased cytokine production, that is, interferons and interleukins,
leading to T-cell activation and anti-tumour responses. However, ei-
ther hyperactivation or hypoactivation of TLRs supports the survival
and metastasis of a tumour.*'® In the situation of overactivation, in-
hibition of TLR signalling may be useful for tumour regression.
Other DAMPs, including endogenous nucleic acids and intracel-
lular proteins exposed by damaged or dying cells, are important in
promoting adaptive antigen-specific immunity. Tumours can avoid
immune surveillance by exposing or releasing DAMPs which favour
the accumulation of dysfunctional innate immune cells. Targeting
these DAMPs released by dying cancer cells can decrease cancer
inflammation and tumour progression, and supporting anti-tumour

immune responses.*’

Allergy

9.2.2 | Treatment-associated immune-related
adverse effects in patients with cancer

Danger signals in oncology can also impair the delivery of first-line
therapies to cancer patients. Close to one third of women with ovar-
ian cancer receiving carboplatin present with allergic and anaphy-
lactic reactions after 6-8 exposures to the drugs, precluding their
continued treatment.*?° The presence of BRCA1/2 mutations seems
to induce earlier and more severe reactions.'?! Allergic and anaphy-
lactic reactions can occur on first exposure in patients reactive to
cremophor or polysorbate 80, which can activate complement, such
as observed with taxanes.?? Biomarkers such as MC-released beta-
tryptase can be detected in blood during type | IgE and non-IgE mast
cell-mediated reactions and IL-6 is elevated in cytokine-storm like re-
actions.'?>12* A novel procedure has been successfully developed to
address danger signals in oncology, rapid drug desensitization (RDD),
applicable to all chemotherapies, small molecules and monoclonal
antibodies, including checkpoint inhibitor immunotherapies.'?> RDD
can address individual reaction phenotypes, such as type | cytokine-
storm like reactions, mixed reactions and delayed reactions, but it
cannot address serum sickness-like or delayed severe cutaneous
adverse reactions.*?® The mechanisms of RDD implicate MC inhibi-
tory pathways, blocking extracellular calcium influx and the release
of acute and delayed mediators, stabilizing FceRI/IgE/antigen com-

plexes on the cell surface, preventing their internalization.*?¢

10 | PART 7. UNMET NEEDS AND
CONCLUSION
Undoubtedly, danger signals impact the pathologies of both al-
lergy and oncology. Here, we propose that danger signals form part
of the links between allergy and oncology and are key topics in
AllergoOncology (Box 2). Not only that the PAMPs or DAMPs may
influence the immune response but also allergens such as AAMP
can act as danger signals, generating different immune responses.
Delineating the nature and the broader effects of individual dan-
ger signals allows a novel understanding of allergy development and
treatment. For example, in light of new discoveries regarding DAMPs,
it is possible to re-consider the hygiene hypothesis in genetically
susceptible subjects exposed to allergens: in the presence of low-
dose DAMP (as well as PAMP and AAMP), there is an enhancement
of the allergic response induced by DC and macrophage activation;
in the presence of high-dose DAMP (and PAMP) exposure (for exam-
ple, as occurs on livestock farms, in rural environments in developing
countries and in traditional lifestyles), there is a shift towards aller-
genic tolerance.}?7128 (Figure 1A). Along these lines, these questions
may also be relevant with regard to allergen immunotherapy: it is yet
unclear whether danger signal molecules may support the induction
of tolerance to specific allergens, at what doses and what is the most
effective route of administration of immunotherapies. These consid-
erations still require extensive study (Box 2).

In the cancer field, on the other hand, danger signals should be
considered not only in relation to a history of allergy, chronic inflam-
mation and autoimmunity linked to the risk of developing cancer but
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BOX 2 Examples of unmet needs on the interphase between danger signals and immunity in allergy and oncology

to inform patient treatment

Danger signals

AAMPs and their roles in the development of
allergy and cancer

Low-dose versus high-dose exposure to DAMPs,
PAMPs, AAMPs in allergic/malignant diseases

Danger signals and immunogenic cell death

PAMPs (TLR ligands)
DAMPs (HMGB1, TSLP, IL-33)

Allergen versus cancer immunotherapy with or
without danger signals and clinical outcomes

AAMPs, DAMPs, PAMPs and cancer risk

Roles of danger signals in tolerance induction to
chemotherapies

Clinical unknowns

Can AAMPs as danger signals generate different immune responses in allergy
and in cancer?

Is there an enhancement of the sensitization process in allergy with low-dose
exposure?

Is there a shift towards tolerance rather with high-dose exposure?

Could these pathways be better targeted in allergen immunotherapy?

What are the implications of AIT for anti-cancer immunity?

Is there a link between danger signals and immunogenic cell death (ICD)?

How does this influence the development of allergy?

Can this be an immune protective signal in cancer?

Could drugs be combined to achieve and enhance the effects of danger signals
in triggering and enhancing ICD in cancer (e.g., triggering danger signals
+antibody/checkpoint inhibitors)?

How do these influence immune cells and their activation states in different
environments and anatomic locations?

How will these shape the local and systemic inflammatory milieu in allergy and
in cancer?

Could these serve as biomarkers in different disease settings?

What are the outcomes of immunotherapy given with or without danger
signals (e.g., LPS) in allergy and in cancer?

Could clinical tolerance to an allergen be induced with the right level of a
danger signal or rather in the absence of danger signal? Could the opposite
be achieved in a cancer vaccine to promotes an inflammatory/immunogenic
response to an antigen?

How does the route of administration of immunotherapies (intranasal, oral,
intravenous, subcutaneous and intradermal) and associated danger signals
influence their potential to induce tolerance or immune activation?

Can danger signals influence response to cancer immunotherapy e.g.,
checkpoint inhibitors?

What are the contributions of internal or external danger signals including of
AAMPs on cancer risk and on cancer survival? Need for validated measures

of allergy history including biomarkers of allergy and immune function, i.e.,
AAMPs, DAMPs PAMPs, mast cell and other immune cell mediators, IgE levels,
MCs, ILC.

Platins/platinum drugs are haptens which require protein conjugation and
repeated exposures to induce antigen-specific IgE production, which can lead
to severe allergic reactions including anaphylaxis once crosslinked by drug
antigen on IgE bound to mast cells. How can Th2 responses towards small
molecules such as platins be elicited in the context of immune dormancy and
tolerance of cancer antigens through activation of PD1/PDL1 pathways?
Outcomes of desensitized patients with IgE against platins may be more
favourable than non-allergic, non-desensitized patients? Could a Th2
phenotype increase immune surveillance?

Could IgE desensitization of mast cells generate a favourable environment for
tumour recognition and control?

also with regard to clinical responses to targeted treatments and to
immunotherapy. It is possible that danger signals can trigger or be
the result immunogenic cell death (ICD). Harnessing ICD-triggering
danger signals may be a desirable mechanism, which can be used as
an add on therapy for cancer. For example, antibody-drug conjugates
able to induce ICD may be employed in combination with checkpoint
inhibitors as potent strategy for cancer treatment. However, the

balance of cell death, tissue remodelling and immunogenicity to can-
cer antigens in the presence or absence of additional danger signals
is unknown. TLR ligands, TSLP, IL-33 and HMGB1 can influence a
range of immune cells and their activation states towards adopting
either pro- or anti-tumour roles in different malignant states. These
danger signals thus have the capability to shape the local and sys-
temic inflammatory milieu. It is possible that fine tuning of danger
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signals such as targeting TLRs or cancer-released DAMPs either as
a stand-alone strategy or in combination with targeted therapeutic
interventions might turn the odds in favour of anti-tumour immunity.
For example, Li et al. have published intriguing data on antihista-
mines, taken by patients with melanoma, who received checkpoint
inhibitor immunotherapy*?’(Figure 1B).

After reviewing different danger signals collectively and their
respective recognizing receptors in different subtypes of immune
cells, this Position Paper stresses the notion that an individual's im-
mune system can act as a relay station between the body and exter-
nal or internal threats in a defined manner. An urgent need is evident
to understand how these processes are regulated, the relationship
between them, and how they can be manipulated in the context of
various pathological states. It is important to consider allergens and
their DAMP-induced signalling as potential targets to overcome in-
flammatory responses in allergy. The field of AllergoOncology offers
the chance to evaluate how a range of danger signals trigger differ-
ent immune responses with juxtaposing clinical outcomes in allergy
and cancer and how dissecting different clinical phenotypes of com-
mon DAMP pathways may lead improvements of the clinical man-
agement of these diseases. These considerations may open the door

to new therapeutic approaches for allergic and malignant diseases.

ACKNOWLEDGEMENTS

The authors would like to thank EAACI for financial support in
the development of this position paper. We would like to thank
Anna Gtobinska for her assistance during figures preparation and

adaptation.

CONFLICT OF INTEREST

All authors have read and approved the Position Paper. Any poten-
tial conflicts of interest are listed here: CB: Christoph Bergmann
received honoraria for presentations from Allergy Theraypeutics,
Bencard, HAL Allergy and SCS. CSW: Carsten Schmidt-Weber
has received speaker honoraria from Bencard and Allergopharma
and has a patent a patent on nasal secretions that is pending. EJJ:
Erika Jensen-Jarolim declares inventorship in patents on allergen
immunotherapy formulation with Biomedical International R+D,
Vienna, Austria, of which she is shareholder. She received hono-
raria for presentations from Allergy Therapeutics, AllergoPharma,
Bencard, Meda, Roxall, ThermoFisher, and consulted previously
for MediGene, Germany, Novartis, for Allergy Therapeutics and
Dr. Schéar. EHS: Esther Steveling has received funds from Bencard
and ALK. HJB: Heather J. Bax is employed through a fund provided
by Epsilogen Ltd. (formerly IGEM Therapeutics Ltd.) and holds pat-
ents on anti-tumour IgE antibodies. DHJ: Debra H Josephs holds
patents on anti-tumour IgE antibodies. GJ: Galateja Jordakieva
has received lecture honoraria by Bencard Allergie GmbH and
Thermo Fisher Scientific. KH: Karin Hartmann has received re-
search funding from Thermo Fisher and consultancy or lecture
fees from Allergopharma, ALK-Abello, Blueprint, Deciphera, Leo
Pharma, Menarini, Novartis, Pfizer, Takeda and Thermo Fisher. MC:

Marianna Castells is Principal Investigator for BluePrint PIONEER
and HARBOR clinical trials, Editorial Board Annals Of Allergy
Asthma and Immunology, Author UpToDate, Board of Directors
ABAI. MTL: Michael Lotze is currently Chief Cell Therapy Officer
at Nurix Biotherapeutics and has an invention disclosure with the
University of Pittsburgh relating IgE to y8 T cells. FRW: Franziska
Roth-Walter declares main inventorship on patent EP2894478
(applicant Biomedical International R+D GmbH, Vienna, Austria)
and received research funding from Biomedical International R+D
GmbH, Vienna, Austria and Bencard Allergie GmbH, Munich,
Germany. Moreover, she received lecture honoraria by FOMF,
VAEM, Bencard Allergie GmbH, Munich, Germany and Vienna,
Austria, and Allergy Therapeutics, Worthing, UK. SNK: Sophia
N. Karagiannis is founder and shareholder of Epsilogen Ltd. (for-
merly IGEM Therapeutics Ltd.) and has received funds from IGEM
Therapeutics Ltd/Epsilogen Ltd. Sophia N. Karagiannis holds pat-
ents on anti-tumour IgE antibodies. AP, DD, DR, DHJ, DF, EF, El,
EU, FLS, FR, GO, HJG, IA, LV, MJ, MP, MCT, MS, RB and SC declare

no conflict of interest.

ORCID
Christoph Bergmann " https://orcid.org/0000-0002-2076-8813
Aurélie Poli "= https://orcid.org/0000-0002-7986-0761

https://orcid.org/0000-0001-7994-364X
https://orcid.org/0000-0003-0351-6937
https://orcid.org/0000-0003-0432-4160
https://orcid.org/0000-0001-6451-0163
https://orcid.org/0000-0002-1909-5957
https://orcid.org/0000-0002-0485-8923
https://orcid.org/0000-0002-9799-4800
https://orcid.org/0000-0003-3385-0100
https://orcid.org/0000-0003-0411-688X
https://orcid.org/0000-0002-4595-8226
https://orcid.org/0000-0002-3355-2798
Galateja Jordakieva "' https://orcid.org/0000-0001-5884-8256
Debra H. Josephs "= https://orcid.org/0000-0002-5610-9123
Marek Jutel " https://orcid.org/0000-0003-1555-9379
Francesca Levi-Schaffer " https://orcid.org/0000-0003-0620-2810
Leticia de las Vecillas "= https://orcid.org/0000-0003-4969-5678
Michael T. Lotze "= https://orcid.org/0000-0003-3988-5419

loana Agache
Rodolfo Bianchini
Heather J. Bax
Mariana Castells
Silvia Crescioli
David Dombrowicz
Denisa Ferastraoaru
Edda Fiebiger
Hannah J. Gould
Karin Hartmann

Elena Izquierdo

Gabriel Osborn "= https://orcid.org/0000-0003-1439-1973
Mariona Pascal "= https://orcid.org/0000-0003-0549-9720
Frank Redegeld " https://orcid.org/0000-0001-8830-7960

David Rosenstreich "= https://orcid.org/0000-0003-0612-3450
Franziska Roth-Walter " https://orcid.org/0000-0001-5005-9228
Carsten Schmidt-Weber "= https://orcid.org/0000-0002-3203-8084
Mohamed Shamiji " https://orcid.org/0000-0003-3425-3463
Esther H. Steveling "= https://orcid.org/0000-0002-4303-0571
Michelle C. Turner "= https://orcid.org/0000-0002-6431-1997

Eva Untersmayr "= https://orcid.org/0000-0002-1963-499X
https://orcid.org/0000-0003-4019-5765

https://orcid.org/0000-0002-4100-7810

Erika Jensen-Jarolim
Sophia N. Karagiannis

85UB01] SUOWIWIOD SAER.D 3|01 jddte U Aq peueA0b a1 Sepie YO 88N Jo S3|n Joj A%eiqi BUIIUO AB|IM UO (SUORIPUCD-PUE-SLLRY/WOY B 1M AReiq 1 fouljuU0//SAILY) SUONIPUOD PU SLWB L 8U} 885 *[5Z02/60/50] U0 AT @uiuO AB]IM ‘winuezsBunyosio4 sayosineq Ueuouen | LUNAUSZ Z)oYwRH Ad SSZGT IB/TTTT OT/I0p/wod" A3 A%eiq i pul|uo//sdny Woij popeojumoq ‘6 ‘2202 ‘S66686ET


https://orcid.org/0000-0002-2076-8813
https://orcid.org/0000-0002-2076-8813
https://orcid.org/0000-0002-7986-0761
https://orcid.org/0000-0002-7986-0761
https://orcid.org/0000-0001-7994-364X
https://orcid.org/0000-0001-7994-364X
https://orcid.org/0000-0003-0351-6937
https://orcid.org/0000-0003-0351-6937
https://orcid.org/0000-0003-0432-4160
https://orcid.org/0000-0003-0432-4160
https://orcid.org/0000-0001-6451-0163
https://orcid.org/0000-0001-6451-0163
https://orcid.org/0000-0002-1909-5957
https://orcid.org/0000-0002-1909-5957
https://orcid.org/0000-0002-0485-8923
https://orcid.org/0000-0002-0485-8923
https://orcid.org/0000-0002-9799-4800
https://orcid.org/0000-0002-9799-4800
https://orcid.org/0000-0003-3385-0100
https://orcid.org/0000-0003-3385-0100
https://orcid.org/0000-0003-0411-688X
https://orcid.org/0000-0003-0411-688X
https://orcid.org/0000-0002-4595-8226
https://orcid.org/0000-0002-4595-8226
https://orcid.org/0000-0002-3355-2798
https://orcid.org/0000-0002-3355-2798
https://orcid.org/0000-0001-5884-8256
https://orcid.org/0000-0001-5884-8256
https://orcid.org/0000-0002-5610-9123
https://orcid.org/0000-0002-5610-9123
https://orcid.org/0000-0003-1555-9379
https://orcid.org/0000-0003-1555-9379
https://orcid.org/0000-0003-0620-2810
https://orcid.org/0000-0003-0620-2810
https://orcid.org/0000-0003-4969-5678
https://orcid.org/0000-0003-4969-5678
https://orcid.org/0000-0003-3988-5419
https://orcid.org/0000-0003-3988-5419
https://orcid.org/0000-0003-1439-1973
https://orcid.org/0000-0003-1439-1973
https://orcid.org/0000-0003-0549-9720
https://orcid.org/0000-0003-0549-9720
https://orcid.org/0000-0001-8830-7960
https://orcid.org/0000-0001-8830-7960
https://orcid.org/0000-0003-0612-3450
https://orcid.org/0000-0003-0612-3450
https://orcid.org/0000-0001-5005-9228
https://orcid.org/0000-0001-5005-9228
https://orcid.org/0000-0002-3203-8084
https://orcid.org/0000-0002-3203-8084
https://orcid.org/0000-0003-3425-3463
https://orcid.org/0000-0003-3425-3463
https://orcid.org/0000-0002-4303-0571
https://orcid.org/0000-0002-4303-0571
https://orcid.org/0000-0002-6431-1997
https://orcid.org/0000-0002-6431-1997
https://orcid.org/0000-0002-1963-499X
https://orcid.org/0000-0002-1963-499X
https://orcid.org/0000-0003-4019-5765
https://orcid.org/0000-0003-4019-5765
https://orcid.org/0000-0002-4100-7810
https://orcid.org/0000-0002-4100-7810

BERGMANN ET AL.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Pali-Scholl I, Jensen-Jarolim E. The concept of allergen-associated
molecular patterns (AAMP). Curr Opin Immunol. 2016;42:113-118.
Meylan E, Tschopp J, Karin M. Intracellular pattern recognition re-
ceptors in the host response. Nature. 2006;442(7098):39-44.
Janeway CA Jr. Approaching the asymptote? Evolution and
revolution in immunology. Cold Spring Harb Symp Quant Biol.
1989;54(Pt 1):1-13.

Matzinger P. Tolerance, danger, and the extended family. Annu Rev
Immunol. 1994;12:991-1045.

Land WG. Allograft injury mediated by reactive oxygen species:
from conserved proteins of Drosophila to acute and chronic re-
jection of human transplants. Part Ill: interaction of (oxidative)
stress-induced heat shock proteins with Toll-like receptor-bear-
ing cells of innate immunity and its consequences for the devel-
opment of acute and chronic allograft rejection. Transplant Rev.
2003;17(2):67-86.

Takeda K, Akira S. Toll-like receptors in innate immunity. Int
Immunol. 2005;17(1):1-14.

Sun L, Liu W, Zhang LJ. The role of Toll-Like receptors in skin
host defense, psoriasis, and atopic dermatitis. J Immunol Res.
2019;2019:1824624.

Vroling AB, Fokkens WJ, van Drunen CM. How epithe-
lial cells detect danger: aiding the immune response. Allergy.
2008;63(9):1110-1123.

Perkins TN, Donnell ML, Oury TD. The axis of the receptor for
advanced glycation endproducts in asthma and allergic airway dis-
ease. Allergy. 2021;76(5):1350-1366.

Sims GP, Rowe DC, Rietdijk ST, Herbst R, Coyle AJ. HMGB1
and RAGE in inflammation and cancer. Annu Rev Immunol.
2010;28:367-388.

Patel S. Danger-associated molecular patterns (DAMPs): the de-
rivatives and triggers of inflammation. Curr Allergy Asthma Rep.
2018;18(11):63.

Kumar V. Toll-like receptors in the pathogenesis of neuroinflam-
mation. J Neuroimmunol. 2019;332:16-30.

Porsbjerg CM, Sverrild A, Lloyd CM, Menzies-Gow AN, Bel EH.
Anti-alarmins in asthma: targeting the airway epithelium with
next-generation biologics. Eur Respir J. 2020;56(5):2000260.

Dai X, Sayama K, Tohyama M, et al. Mite allergen is a danger sig-
nal for the skin via activation of inflammasome in keratinocytes.
J Allergy Clin Immunol. 2011;127(3):806-814. e1-4.

Hayes MD, Ward S, Crawford G, et al. Inflammation-induced
IgE promotes epithelial hyperplasia and tumour growth. Elife.
2020;9:51862.

Crawford G, Hayes MD, Seoane RC, et al. Epithelial damage and
tissue gammadelta T cells promote a unique tumor-protective IgE
response. Nat Immunol. 2018;19(8):859-870.

Traidl-Hoffmann C, Jakob T, Behrendt H. Determinants of allerge-
nicity. J Allergy Clin Immunol. 2009;123(3):558-566.

Smole U, Gour N, Phelan J, et al. Serum amyloid A is a soluble
pattern recognition receptor that drives type 2 immunity. Nat
Immunol. 2020;21(7):756-765.

Roth-Walter F, Afify SM, Pacios LF, et al. Cow's milk protein
beta-lactoglobulin confers resilience against allergy by target-
ing complexed iron into immune cells. J Allergy Clin Immunol.
2021;147(1):321-334 e4.

Hufnagl K, Ghosh D, Wagner S, et al. Retinoic acid prevents immu-
nogenicity of milk lipocalin Bos d 5 through binding to its immuno-
dominant T-cell epitope. Sci Rep. 2018;8(1):1598.

Gallucci S, Matzinger P. Danger signals: SOS to the immune sys-
tem. Curr Opin Immunol. 2001;13(1):114-119.

Smith PK, Masilamani M, Li XM, Sampson HA. The false alarm
hypothesis: food allergy is associated with high dietary advanced

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

glycation end-products and proglycating dietary sugars that mimic
alarmins. J Allergy Clin Immunol. 2017;139(2):429-437.
Sonnenberg GF, Hepworth MR. Functional interactions between
innate lymphoid cells and adaptive immunity. Nat Rev Immunol.
2019;19(10):599-613.

Neill DR, Wong SH, Bellosi A, et al. Nuocytes represent a new in-
nate effector leukocyte that mediates type-2 immunity. Nature.
2010;464(7293):1367-1370.

Kim HY, Lee HJ, Chang YJ, et al. Interleukin-17-producing innate
lymphoid cells and the NLRP3 inflammasome facilitate obesity-
associated airway hyperreactivity. Nat Med. 2014;20(1):54-61.
Toki S, Goleniewska K, Zhang J, et al. TSLP and IL-33 reciprocally
promote each other's lung protein expression and ILC2 receptor
expression to enhance innate type-2 airway inflammation. Allergy.
2020;75(7):1606-1617.

Ferastraoaru D, Bax HJ, Bergmann C, et al. AllergoOncology: ultra-
low IgE, a potential novel biomarker in cancer-a Position Paper
of the European Academy of Allergy and Clinical Immunology
(EAACI). Clin Transl Allergy. 2020;10:32.

Bruchard M, Ghiringhelli F. Deciphering the roles of innate lym-
phoid cells in cancer. Front Immunol. 2019;10:656.

Maggi E, Veneziani |, Moretta L, Cosmi L, Annunziato F. Group 2
innate lymphoid cells: a double-edged sword in cancer? Cancers.
2020;12(11):3452.

Moral JA, Leung J, Rojas LA, et al. ILC2s amplify PD-1 block-
ade by activating tissue-specific cancer immunity. Nature.
2020;579(7797):130-135.

Kim J, Kim W, Moon UJ, et al. Intratumorally establishing
type 2 innate lymphoid cells blocks tumor growth. J Immunol.
2016;196(5):2410-2423.

Jovanovic IP, Pejnovic NN, Radosavljevic GD, et al. Interleukin-33/
ST2 axis promotes breast cancer growth and metastases by fa-
cilitating intratumoral accumulation of immunosuppressive and
innate lymphoid cells. Int J Cancer. 2014;134(7):1669-1682.
Hazenberg MD, Haverkate NJE, van Lier YF, et al. Human
ectoenzyme-expressing  ILC3:  immunosuppressive  innate
cells that are depleted in graft-versus-host disease. Blood Adv.
2019;3(22):3650-3660.

Brackett CM, Kojouhaov B, Veith J, et al. Toll-like receptor-5 ago-
nist, entolimod, suppresses metastasis and induces immunity by
stimulating an NK-dendritic-CD8+ T-cell axis. Proc Natl Acad Sci
USA. 2016;113(7):E874-E883.

Hong B, Muili K, Bolyard C, et al. Suppression of HMGBI1 released
in the glioblastoma tumor microenvironment reduces tumoral
edema. Mol Ther Oncolytics. 2019;12:93-102.

Gross C, Holler E, Stangl S, et al. An Hsp70 peptide initiates NK cell
killing of leukemic blasts after stem cell transplantation. Leuk Res.
2008;32(4):527-534.

Saluja R, Khan M, Church MK, Maurer M. The role of IL-33 and mast
cells in allergy and inflammation. Clin Transl Allergy. 2015;5:33.
Rocha-de-Souza CM, Berent-Maoz B, Mankuta D, Moses AE,
Levi-Schaffer F. Human mast cell activation by Staphylococcus
aureus: interleukin-8 and tumor necrosis factor alpha release and
the role of Toll-like receptor 2 and CD48 molecules. Infect Immun.
2008;76(10):4489-4497.

Seaf M, Ben-Zimra M, Mankuta D, Dayan N, Levi-Schaffer F.
Papain activates human mast cells to release proinflamma-
tory mediators via its enzymatic activity. J Invest Dermatol.
2016;136(7):1523-1525.

Stremnitzer C, Manzano-Szalai K, Willensdorfer A, et al. Papain
degrades tight junction proteins of human keratinocytes in
vitro and sensitizes C57BL/6 mice via the skin independent
of its enzymatic activity or TLR4 activation. J Invest Dermatol.
2015;135(7):1790-1800.

85UB01] SUOWIWIOD SAER.D 3|01 jddte U Aq peueA0b a1 Sepie YO 88N Jo S3|n Joj A%eiqi BUIIUO AB|IM UO (SUORIPUCD-PUE-SLLRY/WOY B 1M AReiq 1 fouljuU0//SAILY) SUONIPUOD PU SLWB L 8U} 885 *[5Z02/60/50] U0 AT @uiuO AB]IM ‘winuezsBunyosio4 sayosineq Ueuouen | LUNAUSZ Z)oYwRH Ad SSZGT IB/TTTT OT/I0p/wod" A3 A%eiq i pul|uo//sdny Woij popeojumoq ‘6 ‘2202 ‘S66686ET



BERGMANN ET AL.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

583.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Hosoki K, Itazawa T, Boldogh I, Sur S. Neutrophil recruitment by
allergens contribute to allergic sensitization and allergic inflamma-
tion. Curr Opin Allergy Clin Immunol. 2016;16(1):45-50.

Ramadan A, Land WG, Paczesny S. Editorial: danger signals
triggering immune response and inflammation. Front Immunol.
2017;8:979.

Sjoberg LC, Gregory JA, Dahlén SE, Nilsson GP, Adner M.
Interleukin-33 exacerbates allergic bronchoconstriction in the
mice via activation of mast cells. Allergy. 2015;70(5):514-521.
Cianferoni A, Spergel J. The importance of TSLP in allergic dis-
ease and its role as a potential therapeutic target. Expert Rev Clin
Immunol. 2014;10(11):1463-1474.

Suurmond J, Stoop JN, Rivellese F, Bakker AM, Huizinga TW, Toes
REM. Activation of human basophils by combined toll-like recep-
tor- and FcepsilonRI-triggering can promote Th2 skewing of naive
T helper cells. Eur J Immunol. 2014;44(2):386-396.

Hammad H, Lambrecht BN. Barrier epithelial cells and the control
of type 2 immunity. Immunity. 2015;43(1):29-40.

Chen K, Xu W, Wilson M, et al. Immunoglobulin D enhances
immune surveillance by activating antimicrobial, proinflamma-
tory and B cell-stimulating programs in basophils. Nat Immunol.
2009;10(8):889-898.

Shan M, Carrillo J, Yeste A, et al. Secreted IgD amplifies humoral
T helper 2 cell responses by binding basophils via galectin-9 and
CD44. Immunity. 2018;49(4):709-724 e8.

Paludan SR, Pradeu T, Masters SL, Mogensen TH. Constitutive im-
mune mechanisms: mediators of host defence and immune regula-
tion. Nat Rev Immunol. 2020;21(3):137-150.

Eissmann MF, Dijkstra C, Jarnicki A, et al. IL-33-mediated mast cell
activation promotes gastric cancer through macrophage mobiliza-
tion. Nat Commun. 2019;10(1):2735.

Cohen M, Giladi A, Gorki AD, et al. Lung single-cell signaling inter-
action map reveals basophil role in macrophage imprinting. Cell.
2018;175(4):1031-1044 e18.

Sektioglu IM, Carretero R, Bulbuc N, et al. Basophils promote
tumor rejection via chemotaxis and infiltration of CD8+ T cells.
Cancer Res. 2017;77(2):291-302.

Hollande C, Boussier J, Ziai J, et al. Inhibition of the dipeptidyl pep-
tidase DPP4 (CD26) reveals IL.-33-dependent eosinophil-mediated
control of tumor growth. Nat Immunol. 2019;20(3):257-264.
Kienzl M, Hasenoehrl C, Valadez-Cosmes P, et al. IL-33 reduces
tumor growth in models of colorectal cancer with the help of eo-
sinophils. Oncoimmunology. 2020;9(1):1776059.

Afferni C, Buccione C, Andreone S, et al. The pleiotropic immuno-
modulatory functions of IL-33 and its implications in tumor immu-
nity. Front Immunol. 2018;9:2601.

Bald T, Quast T, Landsberg J, et al. Ultraviolet-radiation-induced
inflammation promotes angiotropism and metastasis in melanoma.
Nature. 2014;507(7490):109-113.

Wang Z, Yang C, Li L, et al. Tumor-derived HMGB1 induces
CD62L(dim) neutrophil polarization and promotes lung metastasis
in triple-negative breast cancer. Oncogenesis. 2020;9(9):82.
Abdelaziz MH, Abdelwahab SF, Wan J, et al. Alternatively acti-
vated macrophages; a double-edged sword in allergic asthma.
J Transl Med. 2020;18(1):58.

Saradna A, Do DC, Kumar S, Fu QL, Gao P. Macrophage polariza-
tion and allergic asthma. Transl Res. 2018;191:1-14.

McWilliam AS, Nelson D, Thomas JA, Holt PG. Rapid dendritic cell
recruitment is a hallmark of the acute inflammatory response at
mucosal surfaces. J Exp Med. 1994;179(4):1331-1336.

Kong J, Chalcraft K, Mandur TS, et al. Comprehensive metabolom-
ics identifies the alarmin uric acid as a critical signal for the induc-
tion of peanut allergy. Allergy. 2015;70(5):495-505.

Willart MA, Lambrecht BN. The danger within: endogenous dan-
ger signals, atopy and asthma. Clin Exp Allergy. 2009;39(1):12-19.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Wi LEYJﬂ

Cook PC, MacDonald AS. Dendritic cells in lung immunopathol-
ogy. Semin Immunopathol. 2016;38(4):449-460.

lwamoto K, Nimm TJ, Koch S, Herrmann N, Leib N, Bieber
T. Langerhans and inflammatory dendritic epidermal cells in
atopic dermatitis are tolerized toward TLR2 activation. Allergy.
2018;73(11):2205-2213.

Li R, Shang Y, Hu X, et al. ATP/P2X7r axis mediates the patho-
logical process of allergic asthma by inducing M2 polarization of
alveolar macrophages. Exp Cell Res. 2020;386(1):111708.

Wang LX, Zhang S, Wu HJ, Rong XL, Guo J. M2b macrophage
polarization and its roles in diseases. J Leukoc Biol. 2019;106(2):
345-358.

Bianchini R, Roth-Walter F, Ohradanova-Repic A, et al. IgG4 drives
M2a macrophages to a regulatory M2b-like phenotype: potential
implication in immune tolerance. Allergy. 2019;74(3):483-494.
Hernandez C, Huebener P, Schwabe RF. Damage-associated
molecular patterns in cancer: a double-edged sword. Oncogene.
2016;35(46):5931-5941.

Gong T, Liu L, Jiang W, Zhou R. DAMP-sensing receptors in ster-
ile inflammation and inflammatory diseases. Nat Rev Immunol.
2020;20(2):95-112.

Rojas A, Delgado-Ldpez F, Perez-Castro R, et al. HMGB1 en-
hances the protumoral activities of M2 macrophages by a RAGE-
dependent mechanism. Tumour Biol. 2016;37(3):3321-3329.

Shiau D-J, Kuo WT, Davuluri GVN, et al. Hepatocellular
carcinoma-derived high mobility group box 1 triggers M2 mac-
rophage polarization via a TLR2/NOX2/autophagy axis. Sci Rep.
2020;10(1):13582.

Son M, Porat A, He M, et al. C1q and HMGB1 reciprocally reg-
ulate human macrophage polarization. Blood. 2016;128(18):
2218-2228.

Zhou J, Wang G, Chen Y, Wang H, Hua Y, Cai Z. Inmunogenic cell
death in cancer therapy: present and emerging inducers. J Cell Mol
Med. 2019;23(8):4854-4865.

lurescia S, Fioretti D, Rinaldi M. Targeting cytosolic nucleic acid-
sensing pathways for cancer immunotherapies. Front Immunol.
2018;9:711.

Campos-Contreras ADR, Diaz-Munoz M, Vazquez-Cuevas FG.
Purinergic signaling in the hallmarks of cancer. Cells. 2020;9(7):1612.
Di Virgilio F, Sarti AC, Falzoni S, De Marchi E, Adinolfi E.
Extracellular ATP and P2 purinergic signalling in the tumour mi-
croenvironment. Nat Rev Cancer. 2018;18(10):601-618.

Patidar A, Selvaraj S, Sarode A, Chauhan P, Chattopadhyay D, Saha
B. DAMP-TLR-cytokine axis dictates the fate of tumor. Cytokine.
2018;104:114-123.

Li X-Y, Moesta AK, Xiao C, et al. Targeting CD39 in cancer reveals
an extracellular ATP- and inflammasome-driven tumor immunity.
Cancer Discov. 2019:9(12):1754-1773.

Pallasch CP, Leskov I, Braun CJ, et al. Sensitizing protective
tumor microenvironments to antibody-mediated therapy. Cell.
2014;156(3):590-602.

Zanin-Zhorov A, Cohen IR. Signaling via TLR2 and TLR4 directly
down-regulates T cell effector functions: the regulatory face of
danger signals. Front Immunol. 2013;4:211.

Cook DN. Role of environmental adjuvants in asthma develop-
ment. Curr Allergy Asthma Rep. 2020;20(9):42.

Mueller T, Terada T, Rosenberg IM, Shibolet O, Podolsky DK. Th2
cytokines down-regulate TLR expression and function in human
intestinal epithelial cells. J Immunol. 2006;176(10):5805-5814.
Pone EJ, Xu Z, White CA, Zan H, Casali P. B cell TLRs and induction
of immunoglobulin class-switch DNA recombination. Front Biosci
(Landmark Ed). 2012;17:2594-2615.

Zissler UM, Chaker AM, Effner R, et al. Interleukin-4 and
interferon-gamma orchestrate an epithelial polarization in the air-
ways. Mucosal Immunol. 2016;9(4):917-926.

85UB01] SUOWIWIOD SAER.D 3|01 jddte U Aq peueA0b a1 Sepie YO 88N Jo S3|n Joj A%eiqi BUIIUO AB|IM UO (SUORIPUCD-PUE-SLLRY/WOY B 1M AReiq 1 fouljuU0//SAILY) SUONIPUOD PU SLWB L 8U} 885 *[5Z02/60/50] U0 AT @uiuO AB]IM ‘winuezsBunyosio4 sayosineq Ueuouen | LUNAUSZ Z)oYwRH Ad SSZGT IB/TTTT OT/I0p/wod" A3 A%eiq i pul|uo//sdny Woij popeojumoq ‘6 ‘2202 ‘S66686ET



85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

BERGMANN ET AL.

Ohm-Laursen L, Meng H, Chen J, et al. Local clonal diversification
and dissemination of B lymphocytes in the human bronchial mu-
cosa. Front Immunol. 2018;9:1976.

Ohm-Laursen L, Meng H, Hoehn KB, et al. B cell mobilization, dis-
semination, fine tuning of local antigen specificity and isotype se-
lection in asthma. Front Immunol. 2021;12:702074.

Green BJ, Wiriyachaiporn S, Grainge C, et al. Potentially patho-
genic airway bacteria and neutrophilic inflammation in treatment
resistant severe asthma. PLoS One. 2014;9(6):e100645.

Bonser LR, Erle DJ. Airway mucus and asthma: the role of MUC5AC
and MUC5B. J Clin Med. 2017;6(12):112.

Nordstrom T, Jendholm J, Samuelsson M, Forsgren A, Riesbeck K.
The IgD-binding domain of the Moraxella IgD-binding protein MID
(MID962-1200) activates human B cells in the presence of T cell
cytokines. J Leukoc Biol. 2006;79(2):319-329.

Jendholm J,Mérgelin M, Perez Vidakovics MLA, etal. Superantigen-
and TLR-dependent activation of tonsillar B cells after receptor-
mediated endocytosis. J Immunol. 2009;182(8):4713-4720.

Singh K, Bayrak B, Riesbeck K. A role for TLRs in Moraxella-
superantigen induced polyclonal B cell activation. Front Biosci
(Schol Ed). 2012;4:1031-1043.

Munn DH. Blocking IDO activity to enhance anti-tumor immunity.
Front Biosci (Elite Ed). 2012;4:734-745.

Shalapour S, Karin M. Pas de Deux: control of anti-tumor immunity
by cancer-associated inflammation. Immunity. 2019;51(1):15-26.
Allard B, Cousineau |, Allard D, et al. Adenosine A2a recep-
tor promotes lymphangiogenesis and lymph node metastasis.
Oncoimmunology. 2019;8(8):1601481.

Patel AJ, Richter A, Drayson MT, Middleton GW. The role of B
lymphocytes in the immuno-biology of non-small-cell lung cancer.
Cancer Immunol Immunother. 2020;69(3):325-342.

Shalapour S, Font-Burgada J, Di Caro G, et al. Immunosuppressive
plasma cells impede T-cell-dependent immunogenic chemother-
apy. Nature. 2015;521(7550):94-98.

Ye L, Zhang Q, Cheng Y, et al. Tumor-derived exosomal HMGB1
fosters hepatocellular carcinoma immune evasion by promot-
ing TIM-1(+) regulatory B cell expansion. J Immunother Cancer.
2018;6(1):145.

Elzagallaai AA, Sultan EA, Bend JR, Abuzgaia AM, Loubani E,
Rieder MJ. Role of oxidative stress in hypersensitivity reactions to
sulfonamides. J Clin Pharmacol. 2020;60(3):409-421.

Gruchalla RS. Drug metabolism, danger signals, and drug-induced
hypersensitivity. J Allergy Clin Immunol. 2001;108(4):475-488.
Salpietro C, Cuppari C, Grasso L, et al. Nasal high-mobility group
box-1 protein in children with allergic rhinitis. Int Arch Allergy
Immunol. 2013;161(2):116-121.

Di Candia L, Gomez E, Venereau E, et al. HMGB1 is upregulated in
the airways in asthma and potentiates airway smooth muscle con-
traction via TLR4. J Allergy Clin Immunol. 2017;140(2):584-587.e8.
Cavone L, Cuppari C, Manti S, et al. Increase in the level of proin-
flammatory cytokine HMGB1 in nasal fluids of patients with rhi-
nitis and its sequestration by glycyrrhizin induces eosinophil cell
death. Clin Exp Otorhinolaryngol. 2015;8(2):123-128.

Venereau E, De Leo F, Mezzapelle R, Careccia G, Musco G,
Bianchi ME. HMGB1 as biomarker and drug target. Pharmacol Res.
2016;111:534-544.

Zhou DM, Ran F, Ni HZ, et al. Metformin inhibits high glucose-
induced smooth muscle cell proliferation and migration. Aging
(Albany NY). 2020;12(6):5352-5361.

VanPatten S, Al-Abed Y. High mobility group box-1 (HMGb1): cur-
rent wisdom and advancement as a potential drug target. J Med
Chem. 2018;61(12):5093-5107.

Mollica L, De Marchis F, Spitaleri A, et al. Glycyrrhizin binds to
high-mobility group box 1 protein and inhibits its cytokine activi-
ties. Chem Biol. 2007;14(4):431-441.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Baroja-Mazo A, Martin-Sanchez F, Gomez Al, et al. The NLRP3
inflammasome is released as a particulate danger signal that
amplifies the inflammatory response. Nat Immunol. 2014;15(8):
738-748.

Gordon EM, Yao X, Xu H, et al. Apolipoprotein E is a concentration-
dependent pulmonary danger signal that activates the NLRP3
inflammasome and IL-1p secretion by bronchoalveolar fluid
macrophages from asthmatic subjects. J Allergy Clin Immunol.
2019;144(2):426-441.e3.

Theofani E, Semitekolou M, Morianos |, Samitas K, Xanthou G.
Targeting NLRP3 inflammasome activation in severe asthma. J Clin
Med. 2019;8(10):1615.

Arshad MI, Khan HA, Noel G, Piquet-Pellorce C, Samson M. Potential
therapeutic aspects of alarmin cytokine interleukin 33 or its inhibi-
tors in various diseases. Clin Ther. 2016;38(5):1000-1016.e1.
Cevikbas F, Steinhoff M. IL-33: a novel danger signal system in
atopic dermatitis. J Invest Dermatol. 2012;132(5):1326-1329.

Chen YL, Gutowska-Owsiak D, Hardman CS, et al. Proof-of-
concept clinical trial of etokimab shows a key role for IL-33 in atopic
dermatitis pathogenesis. Sci Transl Med. 2019;11(515):eaax2945.
Chung KF. Dupilumab: a potential new treatment for severe
asthma. Lancet. 2016;388(10039):3-4.

Jensen-Jarolim E, Bachmann MF, Bonini S, et al. State-of-the-artin
marketed adjuvants and formulations in allergen immunotherapy:
a position paper of the European Academy of Allergy and Clinical
Immunology (EAACI). Allergy. 2020;75(4):746-760.

Moingeon P. Update on immune mechanisms associated with sub-
lingual immunotherapy: practical implications for the clinician. J
Allergy Clin Immunol Pract. 2013;1(3):228-241.

Mackenzie KJ, Anderton SM, Schwarze J. Peptide immunotherapy
for childhood allergy - addressing translational challenges. Clin
Transl Allergy. 2011;1(1):13.

Leonard C, Montamat G, Davril C, et al. Comprehensive mapping
of immune tolerance yields a regulatory TNF receptor 2 signature
in a murine model of successful Fel d 1-specific immunotherapy
using high-dose CpG adjuvant. Allergy. 2020;76:2153-2165.
Javaid N, Choi S. Toll-like receptors from the perspective of cancer
treatment. Cancers. 2020;12(2):297.

Patel SA, Minn AJ. Combination cancer therapy with immune
checkpoint Blockade: mechanisms and strategies. Immunity.
2018;48(3):417-433.

Castells M. Drug hypersensitivity and anaphylaxis in cancer and
chronic inflammatory diseases: the role of desensitizations. Front
Immunol. 2017;8:1472.

Moon DH, Lee JM, Noonan AM, et al. Deleterious BRCA1/2 muta-
tion is an independent risk factor for carboplatin hypersensitivity
reactions. Br J Cancer. 2013;109(4):1072-1078.

Picard M, Pur L, Caiado J, et al. Risk stratification and skin test-
ing to guide re-exposure in taxane-induced hypersensitivity reac-
tions. J Allergy Clin Immunol. 2016;137(4):1154-1164 e12.

Isabwe GAC, Garcia Neuer M, de las Vecillas Sanchez L, Lynch DM,
Marquis K, Castells M. Hypersensitivity reactions to therapeutic
monoclonal antibodies: phenotypes and endotypes. J Allergy Clin
Immunol. 2018;142(1):159-170 e2.

Jakubovic BD, Sanchez-Sanchez S, Hamadi S, Lynch DM, Castells
M. Interleukin-6: a novel biomarker for monoclonal antibody
and chemotherapy-associated hypersensitivity confirms a cyto-
kine release syndrome phenotype-endotype association. Allergy.
2020;76(5):1571-1573.

Sloane D, Govindarajulu U, Harrow-Mortelliti J, et al. Safety,
costs, and efficacy of rapid drug desensitizations to chemo-
therapy and monoclonal antibodies. J Allergy Clin Immunol Pract.
2016;4(3):497-504.

Sancho-Serra Mdel C, Simarro M, Castells M. Rapid IgE desen-
sitization is antigen specific and impairs early and late mast cell

85UB01] SUOWIWIOD SAER.D 3|01 jddte U Aq peueA0b a1 Sepie YO 88N Jo S3|n Joj A%eiqi BUIIUO AB|IM UO (SUORIPUCD-PUE-SLLRY/WOY B 1M AReiq 1 fouljuU0//SAILY) SUONIPUOD PU SLWB L 8U} 885 *[5Z02/60/50] U0 AT @uiuO AB]IM ‘winuezsBunyosio4 sayosineq Ueuouen | LUNAUSZ Z)oYwRH Ad SSZGT IB/TTTT OT/I0p/wod" A3 A%eiq i pul|uo//sdny Woij popeojumoq ‘6 ‘2202 ‘S66686ET



BERGMANN ET AL.

127.

128.

129.

responses targeting FcepsilonRI internalization. Eur J Immunol.
2011;41(4):1004-1013.

Holgate ST. Innate and adaptive immune responses in asthma. Nat
Med. 2012;18(5):673-683.

Morianos |, Semitekolou M. Dendritic cells: critical regulators of
allergic asthma. Int J Mol Sci. 2020;21(21):7930.

LiH, Xiao Y, Li Q, et al. The allergy mediator histamine confers resis-
tanceto immunotherapy in cancer patients via activationof the mac-
rophage histamine receptor H1. Cancer Cell. 2021;40(1):36-52.€9.

Wi LEYm

How to cite this article: Bergmann C, Poli A, Agachel, et al.
AllergoOncology: Danger signals in allergology and oncology:
A European Academy of Allergy and Clinical Immunology
(EAACI) Position Paper. Allergy. 2022;77:2594-2617.
doi:10.1111/all.15255

85UB01] SUOWIWIOD SAER.D 3|01 jddte U Aq peueA0b a1 Sepie YO 88N Jo S3|n Joj A%eiqi BUIIUO AB|IM UO (SUORIPUCD-PUE-SLLRY/WOY B 1M AReiq 1 fouljuU0//SAILY) SUONIPUOD PU SLWB L 8U} 885 *[5Z02/60/50] U0 AT @uiuO AB]IM ‘winuezsBunyosio4 sayosineq Ueuouen | LUNAUSZ Z)oYwRH Ad SSZGT IB/TTTT OT/I0p/wod" A3 A%eiq i pul|uo//sdny Woij popeojumoq ‘6 ‘2202 ‘S66686ET


https://doi.org/10.1111/all.15255

	AllergoOncology: Danger signals in allergology and oncology: A European Academy of Allergy and Clinical Immunology (EAACI) Position Paper
	Abstract
	1|METHODS
	2|DATA SOURCES, SEARCH STRATEGY AND STUDY SELECTION
	3|OVERVIEW
	4|PART 1. INTRODUCTION TO DANGER SIGNALS: DAMPS, PAMPS AND AAMPS
	4.1|Part 1a. Introduction to DAMPs and PAMPs in allergology and oncology
	4.2|Part 1b. Allergen-­associated molecular pattern (AAMPs): how can allergens introduce ‘danger’?

	5|PART 2: DANGER SIGNALS IN INNATE LYMPHOID CELLS (ILCS) AND NATURAL KILLER (NK) CELLS
	5.1|Part 2a. Allergology
	5.2|Part 2b. Oncology

	6|PART 3 DANGER SIGNALS IN MAST CELLS AND GRANULOCYTES
	6.1|Part 3a. Allergology
	6.2|Part 3b. Oncology

	7|PART 4 DANGER SIGNALS AND ANTIGEN-­PRESENTING CELLS (APCS)
	7.1|Part 4a. Allergology
	7.2|Part 4b. Oncology

	8|PART 5 DANGER SIGNALS IN T CELLS AND B CELLS
	8.1|Part 5a. Allergology
	8.2|Part 5b. Oncology

	9|PART 6 CLINICAL APPLICATIONS ADDRESSING DANGER SIGNALS
	9.1|Part 6a. Allergy and clinical immunology
	9.2|Part 6b. Clinical applications addressing danger signals in Oncology
	9.2.1|Activating danger signals as a therapeutic approach for cancer
	9.2.2|Treatment-­associated immune-­related adverse effects in patients with cancer


	10|PART 7. UNMET NEEDS AND CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	REFERENCES


