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Purpose of review

Mast cell activation syndrome (MCAS) and anaphylaxis are the result of a spontaneous or triggered
pathological degranulation of mast cells (MCs) and might have as substrate normal or pathological MCs

(increased burden, aberrant MCs or both).

Recent findings

This review summarizes the most recent evidence on immunoglobulin E (IgE)-mediated and non IgE-
mediated mechanisms underlying MC activation and degranulation and highlights the importance of
standardized diagnostic criteria for MCAS. Application of these criteria implies that in most cases the
clinical presentation of MCAS meets the diagnostic criteria for anaphylaxis.

Summary

Integrating clinical parameters and diagnostic test recognition and underlying clonal MC disease are of
utmost importance for a patient-tailored approach. Hereditary alpha-tryptasemia can be encountered in
context of anaphylaxis, MCAS and primary MC disorders.
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Mast cell activation syndrome (MCAS) is character-
ized by recurrent episodes of symptoms, such as
hives, diarrhea and hypotension. Anaphylaxis is a
potentially life-threatening systemic hypersensitiv-
ity reaction with rapid onset of symptoms. Both
clinical entities are the result of a spontaneous or
triggered pathologic degranulation of mast cells
(MCs) and might occur in the context of a primary
MC disorder. This review focuses on anaphylaxis
and its peculiarities in the context of MCAS. A
Pubmed-based search was performed using the fol-
lowing criteria: English language only; last
18 months; MESH Key words: MC activation (1392
articles), AND anaphylaxis, AND MCAS, AND alpha-
tryptasemia, mastocytosis. A total of 176 articles
were selected, 43 of which were considered relevant.

Articles of essential importance published more
than 18 months ago have been also included.

The mechanistic basis of anaphylaxis is MC degran-
ulation causing the rapid release of preformed MC
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mediators from secretory granules (SGs) following MC
activation either through surface IgE:FceRI aggrega-
tion or through IgE-independent pathways. SGs are a
specialized intracellular compartment of MCs con-
taining various amines, proteases, cytokines, and
growth factors, most of them being tightly packed
on proteoglycan scaffolds. Basic research progress in
recent years provides increasing evidence for the
translation of molecular events into clinical findings.
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Anaphylaxis and insect allergy

KEY POINTS

e Mast cell activation syndrome (MCAS) is characterized
by episodes of multiorgan symptoms caused by
degranulation of mast cells.

e Pathologic activation of mast cells might be the result of
both IgE-dependent and IgE-independent signaling.

e MCAS can be primary, secondary, or idiopathic.

e Integrating clinical information with available
investigations is essential for recognizing an underlying
clonal mast cell disorder and a patients’ tailored
management plan.

A major discovery relating to the SG protease
content was the formation of o/B-tryptase hetero-
tetramers, adding to the previously described -
tryptase homotetramer [1,2]. The newly described
heterotetramer elucidates mechanosensory-induced
MC activation, an IgE-independent pathway, typi-
cally associated with vibratory urticaria. The
released «/B-tryptase heterotetramer partially
cleaves, thereby activating, membrane EMR2 (Epi-
dermal Growth Factor-like module-containing
mucin-like hormone receptor-like 2, CD312, a mem-
ber of the adhesion G-protein coupled receptor
family) [1™].

SG trafficking and fusion need fine tuning of MC
activation with actin depolymerization and micro-
tubule formation [3,4], and stepwise involvement
of specialized N-ethylmaleimide-sensitive factor
attachment protein receptors (SNAREs) and regula-
tory cytosolic proteins [5™]. It was recently demon-
strated that - depending on the stimulus - the
induced actin cytoskeleton remodeling translates
into distinct cellular responses such as migration,
SG degranulation, or antimicrobial defense [6,7].

The intensity of SG exocytosis is under
control of fusion events involving either incom-
plete fusion between SG and plasma membrane
(‘kiss-and-run exocytosis’ allowing escape of small
molecules, mainly amines), full fusion (release of
soluble contents of individual SG) or compound
exocytosis (fusion between multiple SGs with only
one or few SG-plasma membrane fusion points, a
launch pad for simultaneous extrusion of the con-
tent of multiple SGs, including the proteoglycan
scaffold) [3,5"]. Additional levels of regulation are
introduced by the amount, valency, and affinity of
the allergen cross-linking the IgE:FceRI complexes
[5™].

The classical pathway of SG trafficking described
in connection to allergen-induced aggregation of
IgE:FceRI complexes and downstream signaling
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[5*] was sufficient to explain symptoms of aller-
gen-induced immediate hypersensitivity. The
description of an ever-increasing number of IgE-inde-
pendent receptors capable to activate or alter SG
degranulation is expanding our understanding of
MC mediator-related symptoms arising without
involvement of a specific allergen.

Mas-related G protein-coupled receptors (MRGPR),
comprising the orthologues MRGPRX2 in human
MC and Mrgprb2 in murine MC, form an area of
current intense research. MRGPRs induce immuno-
globulin-independent MC degranulation in
response to an array of cationic ligands, recently
expanded to bacterial quorum-sensing molecules
involved in protective antimicrobial immunity [8]
and nociceptive neuron-derived substance P result-
ing in atopic skin itching [9]. IgE:FceRI-induced
activation causes massive release of SG content by
compound exocytosis with release of particular
granular content that can travel to regional lymph
nodes, whereas MRGPR activation is initiated even
faster, butdoesnotinvolve intergranular fusion and
does not release aggregated particular contents
[10,11™1].

Complex allergen sources such as Hymenoptera
venoms can induce SG degranulation through a
combination of different MC activating signals
[12], or enhance it through apparently unrelated
noncanonical signaling pathways. For example,
mutations in the KARS gene (encoding lysyl-tRNA
synthetase) resulted in noncanonical activation of
Microphthalmia-associated transcription factor fol-
lowed by facilitation of MC degranulation, clinically
evident following Hymenoptera stings in a patient
lacking other criteria of MC-related disorders [13]. In
another report, anaphylaxis severity was increased
by genetic defects of the intracellular Ca2+ channel
TPC1 via enhanced MC degranulation [14].

MC precursor recruitment and local matura-
tion, SG biogenesis and exocytosis are influenced
by multiple factors. Recently, the epidemiological
gender bias in the risk of occurrence and severity of
MC-related anaphylaxis was associated to the lev-
els of perinatal androgens [15]. Indeed, high levels
of testosterone in newborn mice, either naturally
occurring in males, or experimentally induced in
females, conferred relative protection by means of
reduced concentrations of preformed mediators in
SG and comparatively reduced release following
activation. Another team reported that anaphy-
laxis was abolished in a murine model of passive
anti-DNP IgE systemic anaphylaxis in animals
selectively lacking connective MC but possessing
intact mucosal MC populations, a finding that
might hold true in the equivalent human MC
populations [16].
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Other important modulators of MC degranula-
tion at the cellular level and well-known cofactors of
anaphylaxis in clinics are ongoing inflammation
and infection. Thus, inflammatory compounds,
direct interaction of MCs with pathogens, tissular
damage through alarmins such as IL-33, anaphyla-
toxins and complement fragments and even exer-
cise are potent modulators of anaphylaxis [17].
Chronic parasitic infections may impact MCs in
different ways: (i) by increasing their numbers
locally as demonstrated in a clinical study where
MC hyperplasia was present during Opisthorchis
viverrini infestation [18] and (ii) by attenuation of
MC degranulation and subsequent anaphylaxis
severity, as reported in a murine model [19]. From
a therapeutic perspective, the only etiological treat-
ment of anaphylaxis, when available, is allergen-
specificimmunotherapy, which was recently shown
to result in a desensitized MC phenotype with
reduced degranulation and increased ability of
inducing Treg cells [20].

Figure 1 provides a summary of the properties of
the MC as a regulatory and effector hub.

Investigation of MC burden and degranulation in
clinical practice is limited. Serum tryptase is the
most reliable and affordable biomarker, whereas
others, including histamine, lipid mediators, and
their urinary metabolites, are used on a much lower
scale, mainly because of technical difficulties and
the lack of validated diagnostic cut-offs [21-23].
Proper recognition of MC degranulation with sys-
temic effects requires a paired sampling of acute and
baseline serum tryptase (aST and bST) and the appli-
cation of the consensus algorithm [11""]. Meeting
the international consensus formula for the increase
in aST is the prerequisite for laboratory definition of
MC activation. bST measurement is also important
for suspecting an underlying clonal disease or hered-
itary alpha-tryptasemia (HaT).

Beside ST, urinary assays that can be used for
documenting increased MC-related products include:
N-methylhistamine (normal value < 150 pmol/mol
creatinine), methylimidazole acetic acid (normal
value < 1.9mmol/mol creatinine), 11b-PGF2a (nor-
mal value <1000ng/mL), and LTE4 (normal value
<104 pg/mg creatinine)[24]. Although these assays
can be helpful for suspecting a primary MC disorder,
they are less specific for documenting MC degranula-
tion. To date, the minimal increase of these mediators
that would indicate MC degranulation has not been
established yet.

An integrated evaluation of clinical parameters,
bST and investigation of KIT D816V mutation in
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peripheral blood are helpful in suspected clonal MC
disease [25""]. TPSAB1 genotyping can identify HaT,
but currently the test is available in a limited number
of centers [2,26™]. A bone marrow (BM) biopsy can
confirm or rule out a clonal MC disorder. Specific IgE,
skin tests and basophil activation tests (BAT) are
applied to define a clinically relevant sensitization
in the context of primary and secondary MCAS. Chal-
lenge tests can be helpful for assessing the causative
role of a specific trigger and/or provide safe alterna-
tives in case of triggered proven anaphylaxis.

Recent reports using plasma proteomics suggest
that new biomarkers of MC activation and burden
could become available in the future [27].

As indicated above, anaphylaxis is a rapidly evolv-
ing, acute, potentially life-threatening reaction. Its
pleiotropic manifestations together with the lack of
point-of-care testing have made difficult the pro-
posal of universally accepted definition and diag-
nostic criteria. During the Second NIAID/Food
Allergy and Anaphylaxis Network symposium in
2005, a consensus was reached on three diagnostic
criteria that identify anaphylaxis as a systemic or
multiorgan reaction with cutaneous manifestations
in a high percentage of cases [28]. However, as
advocated by the experts it has become evident that
some refinements are needed. For example,
although not multiorgan, isolated respiratory symp-
toms might be life-endangering and need, therefore,
a prompt and rapid treatment. Furthermore, some
triggers of anaphylaxis (e.g. a-Gal) might induce a
delayed onset of symptoms. These refinements have
been included in the WAO proposal in 2019 [29].
Furthermore, some ad hoc diagnostic criteria with
levels of certainty have been proposed. A 3-grade of
certainty system that is frequently adopted is the
Brighton Collaboration Case Definition of Anaphy-
laxis after vaccination. For all levels of diagnostic
certainty, anaphylaxis is a clinical syndrome charac-
terized by a sudden onset and a rapid progression of
signs and symptoms and involving multiple (>2)
organ systems. Grades of certainty are defined based
on the clinical phenotype with several major and
minor mucocutaneous, respiratory, gastrointestinal
(GI) and cardiovascular symptoms [30]. Note that a
MC tryptase elevation above the upper normal limit
is considered as a minor criterion. Interestingly,
although the NIAID and Brighton diagnostic criteria
have similar diagnostic performances a disagreement
in up to 30% of cases can be registered [31,32]. In
perioperative settings, another score has been
proposed. In this score, points for MC tryptase can
be added or subtracted from the clinical score [33"].
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The mast cell as a regulatory and effector hub. Mast cells integrate genetic, environmental and activation signals
and translate them into phenotypic and functional changes controlling the type and amount of secreted mast cell products,
ultimately affecting pathophysiological processes and clinical presentation. CNV, copy number variation; HaT, hereditary o-
tryptasemia; IFN, interferon; IL, interleukin; incl., including; SCF, Stem Cell Factor; SNARE, specialized N-ethylmaleimide-
sensitive factor attachment protein receptors.
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It is important to consider that the predomi-
nance of certain symptoms in the clinical pheno-
type of anaphylaxis can be associated with specific
mechanisms (endotypes) accompanied by release of
products that might be used as specific biomarkers.
Understanding the association between phenotype
- endotype — biomarker is crucial to determine the
individual risk of reoccurrence, influence of co-fac-
tor(s) and role of desensitization [34]. This system-
atic approach, together with standardized causality
assessment, is essential in order to guarantee an
efficient and safe mass vaccination campaign during
this COVID-19 pandemic [35].

Besides, different grading systems have been
proposed to characterize the clinical phenotypes.
Presently, the most widely adopted grading systems
are inspired by an early publication by Ring and
Messmer for the description of reactions to colloid
substitutions [36].

MC activation syndromes comprise a broad spectrum
of clinical conditions caused by pathologic MC
degranulation resulting in signs and symptoms
involving the skin, GI, cardiovascular, respiratory,
and nervous system [22,23,25%,37*"]. These symp-
toms are not specific and might be encountered in
several other cardiac, neurologic, cutaneous, endocri-
nologic or GI disorders, infectious diseases and drug
toxicity. Therefore, in order to avoid over-diagnosis it
isof utmost importance that the patients meet specific
diagnostic criteria. The cornerstone of the Consensus
criteria for MCAS, described in Table 1, is an aST of
20% + 2 pg/L above the bST value at the time symp-
toms occur. As shown in Fig. 2, this phenomenon
occurs typically when two or more organs are
involved, meeting the Consensus criteria for
anaphylaxis. MC activation can be IgE-mediated,
non-IgE-mediated or unprovoked (spontaneous) and
have as substrate normal or pathologic effector cells
(increased burden, aberrant phenotype or both) [37"].

Classification of MCAS has been established by a
Working Conference in 2012 [38].

Anaphylaxis in MCAS Sabato et al.

Primary MCAS, with or without a specific trig-
ger, include clonal MC disorders with quantitative
and/or qualitative defects in MC biology. The typi-
cal clinical form is systemic mastocytosis, defined by
the 2016 WHO criteria (5), but monoclonal MC
activation syndrome (MMAS) can occur when KIT
mutation(s) (mainly KIT D816V) or aberrant CD25
expression are detected without meeting the WHO
criteria for systemic mastocytosis. Secondary MCAS
include MC activation without an underlying clonal
MC disease. Typical etiology is IgE:FceRI-mediated
hypersensitivity. Idiopathic MCAS are cases without
clonal MC disorders and without an identifiable
trigger [22]. Some MC-related disorders are barely
associated with MCAS. For instance, MC hyperplasia
is a transient and reversible increase of BM MCs, in
response to inflammatory conditions.

In contrast to the episodic multiorgan nature of
MCAS, other conditions might be the result of a
chronic increase of MC mediators and/or involve
other cell types. These include chronic idiopathic
urticaria, ADGRE2 associated vibratory urticaria and
some chronic manifestations of HaT.

As indicated above, clinical presentations of MCAS
usually meet the criteria for anaphylaxis [39]. Prev-
alence of anaphylaxis in patients with systemic
mastocytosis ranges from 20 to 50%, with IgE:F-
ceRI-mediated Hymenoptera venom allergy (HVA)
being the most common risk factor for recurrent
severe anaphylaxis [27,40]. These data point out a
risk for anaphylaxis that is 100-1,000-fold higher
than in the general population. Therefore, because
of the increased risk of recurrent life-threatening
anaphylaxis, early recognition of an underlying
clonal MC disease is important. Skin evaluation
for (monomorphic) maculopapular cutaneous
lesions, Darier’s sign, indicative of mastocytosis in
the skin should lead to the suspicion of an underly-
ing clonal MC disease. Alternatively, patients might
suffer from an underlying clonal disease in absence

Table 1. MCAS: diagnostic criteria (refs. 38,22,37). All 3 MCAS criteria (A + B + C) must be fulfilled

Criterion A: Symptoms
systems

Criterion B: MC markers

Typical clinical signs of severe, recurrent (episodic) systemic MCA are present, involving at least 2 organs or

Involvement of MC is documented by biochemical studies (preferred marker: increase in serum tryptase level

from the individual’s bST plus 20% + 2 ug/L; histamine, prostaglandins and leukotrienes and metabolites

in serum or urine are also indicated)

Criterion C: Response to therapyResponse of symptoms to therapy with MC-stabilizing agents, drugs directed against MC mediator production
or drugs blocking mediator release or effects of MC-derived mediators

MCA, mast cell activation; MCAS, mast cell activation syndrome.
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Mast cell activation syndrome in the context of mast cell disorders. Depending on the presence or absence of
anaphylaxis in a context of symptoms evocative of mast cell mediators, the investigation of suspected MCAS aims at
identifying a potential underlying mast cell disorder. ADGRE2, Adhesion G Protein-Coupled Receptor E2; HaT, hereditary o-
tryptasemia; MC, mast cell; MCAS, mast cell activation syndrome.

of typical cutaneous lesions. Measurement of bST
and analysis of KIT D816V mutation can be used
together with clinical parameters for suspecting an
underlying clonal MC disorder in these patients. Of
note, anaphylaxis displays peculiar clinical presen-
tations in patients with systemic mastocytosis with
severe cardiovascular manifestations (i.e. hypoten-
sion with syncope) and very rarely urticaria/angioe-
dema and /or respiratory symptoms. Based on these
observations, the first predictive score — the Red
Espafiola de Mastocitosis (REMA) score - was devel-
oped by the Spanish Mastocytosis Network and
validated for patients who experienced anaphylaxis
due to a wide variety of triggers. In this scoring
system, male gender, syncope without urticaria
and elevated bST levels (>25pug/L) are predictive
of an underlying MC clonal disease with a sensitivity
of 92% and a specificity of 81% [41]. Subsequently,
Gulen et al. [42], proposed a modified REMA score
(mREMA) with a lower cut-off of bST to > 11.4 ng/L
in patients with unexplained anaphylaxis and syn-
cope. The NICAS score [43], developed at NIH for
patients with idiopathic anaphylaxis, incorporates
the detection of KIT D816V mutation in peripheral
blood. Furthermore, measuring aST during the ana-
phylactic event provides important additional infor-
mation. Patients without increased aST during
anaphylaxis have a low probability of an underlying

6 www.co-allergy.com

MC clonal disease and magnitude of tryptase
increase during anaphylaxis is high in patients with
underlying primary MC disease [43,44"]. Impor-
tantly, severe anaphylaxis occurs preferentially in
patients with a low burden of neoplastic MCs. Actu-
ally, in patients with systemic mastocytosis and
HVA there is not constant increase of anaphylaxis
risk with increasing of bST level. After a gradual
increase for value up to a bST of 28 pg/L, the ana-
phylactic risk decreases with a further increase of
bST levels [45]. Importantly, the negative predictive
value of KIT D816V in peripheral blood is not high
in patients with bST between 5 and 30 pg/L [44™].
This means that in this group of patients we need to
improve our tools for optimized risk identification
of an underlying primary MC disorder.

Several studies have demonstrated a positive associ-
ation between elevated bST and unprovoked or
Hymenoptera venom-induced anaphylaxis. It is plau-
sible that in some series, underlying primary MC
disorders have been overlooked, due to the lack of
systematic BM evaluation [46]. On the other hand, it
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is clear that an elevated bST in the context of a
MCAS with anaphylaxis is not necessarily associated
with an underlying clonal MC disorder, but may be
the consequence of a HaT [47]. This genetic trait is
determined by an autosomal dominant transmis-
sion of an increased number of copies of the a-
tryptase encoding TPSAB1 gene [48-50]. Features
of HaT include a bST > 8 ng/L, GI symptoms (pain,
diarrhea), joint hypermobility, vibratory urticaria,
flushing and increased risk of anaphylaxis. In a
recent series, about half of 101 patients with HaT
displayed signs of unprovoked anaphylaxis [51™].
Moreover, it is intriguing to study the association
between HaT, anaphylaxis and morphological aber-
rant MCs in the absence of signs of clonality. A
variable percentage of spindle-shaped MCs up
to>25%, which represent a minor criterion of
systemic mastocytosis, has been found in symptom-
atic patients with diagnosed or highly suspected
HaT [44"",52]. This also means that in clinical prac-
tice the presence of HaT can be a confounder for
suspecting a primary MC disorder in patients with
elevated bST. Of note, in patients with systemic
mastocytosis a concomitant HaT plays an additive
role in relative risk for unprovoked or Hymenoptera

induced anaphylaxis [53""]. Finally, a recent series
on perioperative hypersensitivity showed that a
bST >8 ug/L is more frequently associated with
the occurrence of anaphylaxis. Therefore, it will
be interesting to study the role of HaT as a risk
factor and its contribution to the severity of ana-
phylaxis in perioperative settings [54].

CONCLUSION

In order to avoid an overdiagnosis of MCAS, it is
critical that MCAS should be considered as an epi-
sodic multiorgan clinical entity that meets the diag-
nostic criteria for anaphylaxis in most of the cases.

A reasoned recognition of signs and symptoms
of anaphylaxis together with appropriate diagnostic
investigations are crucial for a patient-tailored
management plan (Fig. 3).

Itis evident that HaT can impact the decision of
performing a BM biopsy, especially in patients with
low bST. In this perspective, in our opinion, isolated
hypotension is more suggestive of a clonal MC
disease, whereas the presence of shortness of breath,
wheezing and cutaneous manifestations, hives or
angioedema and GI symptoms point to HaT.

Symptoms and signs meeting the

DI ] D DD [vevross] DB [Frseerereri

definition of anaphylaxis

Anamnestic suspicion of triggers or

unprovoked episodes

Recurrent episodes

Confirm MCA: significant increase of Primary MCAS In case of primary MCAS
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FIGURE 3. Diagnostic and therapeutic tools for the mast cell activation syndrome. MCAS investigation builds upon thorough
clinical and laboratory investigations aimed at confirming MCA, identifying an underlying MC disorder, and establishing a
therapeutic management plan. BAT, basophil activation test; BM, bone marrow; lg, immunoglobulin; MC, mast cell; MCA,
mast cell activation; MCAS, mast cell activation syndrome; NICAS, NIH Idiopathic Clonal Anaphylaxis Score; REMA, score of
the Spanish Network on Mastocytosis; mREMA, modified REMA; VIT, venom immunotherapy.
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The clinical significance of MRGPRX2 signaling
remains elusive and its role in MCAS is still to be
established [S55™]. At present, the evidence for its
role is purely preclinical and results are conflicting.
Problems are compounded by the absence of reliable
diagnostic tools for MRGPRX2-dependent reactions.
It is tempting to speculate that some of the plasma
biomarkers recently associated with MC disorders
and anaphylaxis might be informative of a
MRGPRX2-dependent mechanism.

AIT for anaphylaxis retains a clinical risk of
severe reactions. Recent reports harnessing inhibi-
tory molecules, such as CD33 [56] or Siglec-8 [57]
suggest the possible extension of safe AIT to patients
experiencing severe MCA episodes.
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