Cardiovascular symptoms in patients with systemic ®
mast cell activation disease
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Traditionally, mast cell activation disease (MCAD) has been considered as just one
rare (neoplastic) disease, mastocytosis, focused on the mast cell (MC) mediators
tryptase and histamine and the suggestive, blatant symptoms of flushing and
anaphylaxis. Recently another form of MCAD, the MC activation syndrome, has
been recognized featuring inappropriate MC activation with little to no neoplasia
and likely much more heterogeneously clonal and far more prevalent than mastocy-
tosis. Increasing expertise and appreciation has been established for the truly very
large menagerie of MC mediators and their complex patterns of release, engen-
dering complex, nebulous presentations of chronic and acute iliness best character-
ized as multisystem polymorbidity of generally inflammatory = allergic theme. We
describe the pathogenesis of MCAD with a particular focus on clinical cardiovascu-
lar symptoms and the therapeutic options for MC mediator-induced cardiovascular
symptoms. (Translational Research 2016;174:23-32)

Abbrevidations: H,R = histamine H; receptor; HoR = histamine H, receptor; MC = mast cell; MCAD
= mast cell activation disease; MCAS = mast cell activation syndrome; MMP = matrix metallo-
proteinase; NE = norepinephrine; SM = systemic mastocytosis

MAST CELLS: BASIC BIOLOGY

ast cells (MCs) are immune cells of hemato-
poietic origin found in all human tissues,
especially at the environmental interfaces,
that secrete prestored mediators, such as histamine
and tryptase, as well as numerous de novo synthesized
chemokines and cytokines in response to allergic or
nonimmune triggers. MCs act as both effector and reg-
ulatory cells and play a central role in adaptive and
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innate immunity." This versatility is reflected in
numerous activation stimuli with intracellular pathways
that intersect to modulate the quality and magnitude of
the MC response. The best characterized mechanism of
MC activation is cross-linking of immunoglobulin E
(IgE) bound to the high affinity IgE receptor (FceRI)
on MCs by antigen contact. In addition, human MCs ex-
press a multiplicity of G protein—coupled receptors and
other recognition sites on their surface,” which are IgE-
independently involved in MC activation under physio-
logical and pathophysiological conditions.

Apart from being prominently involved in allergic re-
actions, their ubiquitous distribution places MCs in a
privileged position to act not only as guardians of the
immune system, but also to contribute to many biolog-
ical processes and in the maintenance of homeostasis.
Their important role in immunologic and nonimmuno-
logic processes is reflected by the large number of me-
diators (>200) by which MCs may influence other
cells.”* The profile of mediators and cytokines stored
or produced de novo in MCs can markedly differ
between and even within organs and tissues depending
on a wide array of macroenvironmental and
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microenvironmental factors including antigenic and
physical stimuli. Their mediators allow MCs to
regulate local tissue functions and host defense by
acting as innate immune cells, by interacting with the
specific immune system, and by inducing and
regulating inflammation. Because MCs tend to site
themselves at the body’s environmental interfaces,
they are perfectly equipped with their mediators to
significantly contribute to orchestrating the immune
system. They can recruit other immune cells to the
site of injury and control the function of various cells
such as granulocytes and T and B lymphocytes,
thereby acting to protect the organism against
bacterial, parasitic, and viral infections. MC actions
can be targeted very precisely, as apart from their
ability to release prestored mediators via classic
nonselective whole-MC degranulation (as in anaphy-
laxis), MCs also selectively release specific patterns of
mediators by morphologically distinct secretory path-
ways referred to as piecemeal or differential degranula-
tion.” In addition, MCs are essential to the regulation of
homeostasis. In this respect, they contribute to wound
healing and tissue remodeling, for example in hair folli-
cles and bones.” MCs also promote homeostasis by de-
grading certain endogenous toxic compounds such as
endothelin 1 or neurotensin released in response to bac-
terial infection and bacterial toxins via their potent pro-
teases.

PHYSIOLOGICAL AND PATHOPHYSIOLOGICAL ROLES
OF MCS IN THE CARDIOVASCULAR SYSTEM

The presence of MCs has been documented in the hu-
man heart.”® MCs generally reside in the interstitial
space between the cardiomyocytes and are often in
close proximity to nerves,””'’ which may be relevant
to the generation and progression of arrhythmias.
Activated cardiac MCs release a variety of potent
proinflammatory and profibrotic mediators.””'> In
humans, MCs have been classified on the basis of the
presence of the proteases tryptase, chymase, or both
chymase and tryptase.'”'" Ninety percent of the MCs
in the human heart are of both chymase and tryptase
types.'”

Cardiac MCs participate in various physiological
functions, such as angiogenesis,'® formation of atrial
natriuretic peptide,’’ and local production of angio-
tensin II (ANG II) by renin’ (for review, see Reid
et al’) and independently of angiotensin-converting
enzyme (ACE) by chymase, thereby being unaffected
by ACE inhibitors.”'®*” MC chymase also
participates in the activation of big endothelin to
endothelin 1.”' Other mediators such as cytokines and
the growth factors tumor necrosis factor « and trans-
forming growth factor, histamine, the chymase and tryp-
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tase, chemokines, and leukotrienes play an important
role in the tissue repair.

The perineuronal location of cardiac MCs in addition
to their accumulation in pathologic conditions may pro-
mote the development of myocardial dysfunction. In
fact, cardiac MCs have been implicated in various path-
ophysiological processes (for review, see refer-
enceszz'y'), such as cardiac remodeling (ie, changes in
size, shape, structure, and physiology of the heart after
injury to the myocardium because of myocardial
infarction [via atherosclerosis or vasospasm]), volume
overload, chronic hypertension or myocarditis,” '
arrhythmias,'”'>  graft  rejection  after  heart
transplant,””” dilated cardiomyopathy,” cardiac hy-
pertrophy and  heart failure,” "’  Takotsubo
cardiomyopathy,*'** atherosclerosis™ (for review, see
Bot et al**), acute coronary artery syndromes,’* ™’
and formation of abdominal aortic aneurysm.***’

SYSTEMIC MC ACTIVATION DISEASE

The umbrella term of systemic mast cell activation
disease (MCAD) has been proposed™ to describe the
full spectrum of systemic MC disease, that is systemic
mastocytosis (SM), which is further divided into several
subtypes,”’ primary systemic mast cell activation
syndrome  (MCAS) and MC leukemia.>™>*
Pathogenetically MCAD denotes a group of primary
polygenic MC disorders’ characterized by aberrant
release of variable subsets of MC mediators and also
an accumulation of morphologically altered and immu-
nohistochemically identifiable mutated MCs because of
MC proliferation (SM and MC leukemia) or by an accu-
mulation of morphologically ordinary MCs because of
decreased apoptosis (MCAS).”* % SM is characterized
by immunohistochemical and biochemical findings
known as the World Health Organization criteria’' >’
(Supplementary Table 1), which are due to the presence
of a pathologic mutation at amino acid position 816 in
the tyrosine kinase KIT (most frequently KITP%'®Y),
MCAS seemingly is dominantly driven by sets of muta-
tions in all domains of KIT but not affecting codon 816
(for review, see Molderings’”) and the diagnosis can be
made according to the current international provisional
definition criteria (Supplementary Table 1). Because of
both the widespread distribution of MCs and the great
heterogeneity of aberrant mediator expression patterns,
symptoms can occur in virtually all organs and tissues;
hence, the clinical presentation of MCAD is very
diverse, sometimes to the even further confounding
point of presenting opposite abnormalities in different
patients. However, according to the recent molecular
genetic findings,”” %" the subclasses and clinical
subtypes of MCAD do not represent distinct disease
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entities but should be more accurately regarded as
varying  compositions of a common MC
dysfunction.””*** Although the prevalence for SM in
Europeans ranges between 0.3 and 13:100,000,65'67
the prevalence for MCAS may be as high as 17% (in
Germany).”®

CARDIOVASCULAR ASPECTS OF MCAD

Importantly for the clinician (and the patient),
although MCAS may lack hallmark histologic and
biochemical features of SM (eg, marked proliferation,
aggregation and spindling of MCs, and tryptase overex-
pression), these 2 major subclasses of MCAD have
largely equivalent potentials for wreaking multisystem
havoc including the cardiovascular system (Table I)
via aberrant mediator production and release.”” %!
Accordingly, in the following the main cardiovascular
symptoms are described and discussed in the broader
context of MCAD and not separately for SM and
MCAS.

Supraventricular tachycardia, palpitations, and cardiac
arrest. Palpitations and episodes of supraventricular

tachycardia are frequently reported by both SM
(29%)"° and MCAS patients (at least 20%).”%"7*7
MCAS patients often present with a hyperadrenergic
postural tachycardia syndrome’® (own unpublished
observation 2015), and hence in patients with postural
tachycardia syndrome, MCAD should be considered
as a potential underlying cause. In addition, MCAD
can present as cardiac emergency with cardiac arrest
or ventricular fibrillation.”’

Pathogenesis. Release of pathologic amounts of
norepinephrine (NE) from cardiac sympathetic nerves
can result in arrhythmias and sudden cardiac death.
MCs can modulate NE release by targeting sympathetic
nerves by 2 ways: one is represented by ANG II, which
is in the heart formed locally both by MC-derived renin’
(or review, see Reid et al”) and independent of ACE by
the proteases cathepsin-D’® and chymase,”'*?" and
functions as a positive modulator of NE release. Renin
released by activated MCs initiates the activation of a
local renin-angiotensin system, which culminates in
the formation of ANG II. ANG II then binds to facilita-
tory presynaptic angiotensin AT, receptors on the sym-
pathetic nerve endings.”’ Aside from facilitating NE
release and its arrhythmogenic effects, ANG II can
also directly elicit cardiac arrhythmias without sympa-
thetic involvement.*” The other way of modulation of
NE release comprises MC-derived histamine, which
functions as a negative modulator of NE release by stim-
ulation of inhibitory histamine Hz-receptors on sympa-
thetic nerve terminals.®' ™ Because presynaptic AT,
receptors and Hjs-receptors have opposing effects on
NE release, the ratio of renin and histamine release
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Table I. Cardiovascular symptoms and findings in
mast cell activation disease (MCAD)°26467.70

Possible cardiovascular symptoms of MCAD

Dysrhythmias

Palpitations

Cardiac arrest

Pericarditis

Presyncope, syncope

Hypotension

Arterial hypertension (systemic and pulmonary arterial
hypertension)

Heart failure (classic and atypical heart failure, for example
Takotsubo cardiomyopathy)

Artery dissection/aneurysm

Raynaud syndrome

Vasculitis

Coronary syndromes (associated with rupture of an athero-
sclerotic plaque, partial or complete thrombosis, arterial
embolism, allergic coronary spasm)

e Peripheral arterial atherosclerosis

Aberrant angiogenesis (hemangiomas, arteriovenous
malformations, telangiectasias)

Livedo reticularis

Hemorrhoids

Varicosities

Flush

Hot flashes

Clotting and bleeding abnormalities

from MCs may determine the risk and the extent of
tachycardia in MCAD. In addition, histamine is
known to act as a direct stimulator of the H;- and H,-
receptors on the cardiomyocytes. H,-receptors cause
an increase in heart rate and contractility, whereas H;-
receptors mediate negative chronotropic effects.
However, the activation thresholds of H;- and H,-
receptors are much greater (micromolar) than that of
Hj-receptors (nanomolar),”" suggesting that H-recep-
tors may become activated at a lower concentration of
histamine release from MCs. Finally, prostaglandin
(PG) D,, which is also a major mediator released from
MCs, has been shown to induce tachycardia in hu-
mans.*’

Therapeutic options. The MC mediator-induced sup-
raventricular tachycardia and tachyarrhythmia should
be treated when it is extremely distressing the patients
and when the heart rate permanently exceeds 100—
120 beats/min. As first step the doses of MC activity
reducing drugs such as Hj-antihistamines should be
optimized. If this action is not sufficient to normalize
heart rate and rhythm, further medical treatment should
be considered. As a result of its pathophysiology, supra-
ventricular tachycardia because of MC activation
should be sensitive to treatment with direct renin inhib-
itors and AT, receptor blockers. Drugs of these classes
can only be used in patients who do not have
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hypotension, because the drugs can induce a further
decrease in blood pressure. In those patients and in
case of missing response to these drugs, the calcium
channel blocker verapamil can be tried. If verapamil
is ineffective as is frequently the case,*® the funny cur-
rent (I;) blocker ivabradine,®’ which reduces heart rate
in patients with sinus rhythm (but not in those with atrial
fibrillation) without altering blood pressure,*” can be
used next if available (as in Europe).x("xq B-
Adrenoceptor antagonists are contraindicated in
MCAD patients. 3-Adrenoceptors play an important
inhibitory role in the control of MC mediator
release.”””’  Hence, p-adrenoceptor antagonists
disinhibit MC mediator release leading to aggravation
of the symptoms of the MCAD."*? Finally, it should
be noted that epinephrine should be wused in
tachycardic MCAD patients with caution because it
has been reported to precipitate ventricular
fibrillation.”” Antagonists of the two PGD, receptors,
PGD, receptor 1 (DP;) and chemoattractant homolo-
gous receptor expressed on Th2 cells (CRTH;), may
be a future approach to the treatment of tachycardia in
MCAD.

Blood pressure regulation irregularities. MCAD can
present in different hemodynamic variants. Many pa-
tients experience a significant and sometimes dramatic
decrease in blood pressure, whereas on the other hand,
other patients exhibit a marked increase in blood pres-
sure. Some MCAD patients demonstrate both hypoten-
sion and hypertension, sometimes fluctuating rapidly
from one to the other.

Hypotension up to syncope. Episodes of hypotension
with lightheadedness or syncope as the most dramatic
acute manifestation of MCAD are reported by 22%—
55% of the MCAD patients®® """ in contrast to a
prevalence of 5% in the control group.®® The severity
and frequency of the episodes of syncope can vary
from as frequently as daily to as rarely as once per
year or never.

Pathogenesis. MC can produce and release a number
of mediators, which induce vasodilatation (Table II),
and thereby induce hypotension up to vascular collapse.

Therapeutic options. MC activity reducing drugs such
as Hj-antihistamines should be the first-line therapy.
Acetylsalicylic acid (81-325 mg orally once or twice
daily in adults) may be beneficial in some patients
who have high levels of vasodilating PGs,””™” if the
patient’s ability to use nonsteroidal anti-inflammatory
drugs without adverse effects is known. Alternatively,
PG formation can be reduced by selective inhibition
of cyclooxygenase 2 such as with etoricoxib in Europe
or celecoxib in the US, although the potential cardiovas-
cular risks of cyclooxygenase 2—selective nonsteroidal
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anti-inflammatory drugs need to be acknowledged.”®
Preliminary data from SM patients suggest an efficacy
of omalizumab, a humanized monoclonal antibody
against IgE, in the prevention of spontaneous episodes
of systemic hypotension.””'"” In case of recurrent
anaphylactic  syncopes, acute treatment with
epinephrine and corticosteroids should be considered.
Antagonists of the PGD, receptors DP; and CRTH,
may be a future approach to the treatment of vascular
symptoms in MCAD.

Arterial hypertension. In up to 31% of the MCAD pa-
tients marked recurrent or sustained increase in arterial
blood pressure because of MC activation has been
observed,68:69:104.105

Pathogenesis. MCs can produce and release a number
of mediators, which induce vasoconstriction (Table II),
and thereby induce hypertension. In particular, ANG II
is a potent vasoconstrictor. Another major mediator
released in MCAD patients is PGD,,'’*'"” which is a
vasodilator. However, PGD, can be metabolized by
11-ketoreductase to its biologically active metabolite
9a,11B-PGF,, which is a vasopressor substance.'*
Thus, arterial hypertension in MCAD patients may be
linked to the metabolism of PGD; in the individual pa-
tient.

Therapeutic options. As first step the doses of MC ac-
tivity reducing drugs such as H;-antihistamines should
be optimized. As a result of its pathophysiology hyper-
tension in MCAD patients may be especially sensitive
to treatment with direct renin inhibitors and AT, recep-
tor blockers. From the standard medication for the treat-
ment of high blood pressure 3-adrenoceptor antagonists
(see aforementioned details) and ACE inhibitors are
contraindicated in MCAD patients. ACE also degrades
bradykinin that is an activator of MCs.”* Therefore, in-
hibition of ACE increases MC mediator releasability
and hence autocrine MC activation with MCAD symp-
toms through stabilization of bradykinin.”” Antagonists
of the PGD, receptors DP; and CRTH, may be a future
approach to the treatment of arterial hypertension in
MCAD patients.

Chronic heart failure. Despite the evidence for a role
of MCs in the evolution of congestive heart failure ob-
tained in animal models® ™" case reports of heart
failure in SM patients are scarce.'”®"''" In a Danish
retrospective cohort study of 548 adults with SM only
12 patients had a congestive heart failure.”® In a
prospective study with 18 MCAS patients performed
to investigate the suspected cardiac impact of an
increased systemic MC activation no pathologic
alterations in systolic left ventricular function, systolic
and diastolic left ventricular diameter, and shortening
fraction were recorded.'!! However, in 12 of the 18
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Table Il. Selected mast cell (MC) mediators and mechanisms through which activated MCs can induce

cardiovascular symptoms

Mediators

Physiological/pathophysiological effects

Cardiovascular symptoms

Preformed (stored) mediators
Biogenic amines
Histamine

Serotonin
Enzymes
Tryptase

Chymase

Carboxypeptidase A
Phospholipases
MMPs
Renin

Proteoglycans
Heparin

Chemokines
IL-8

CCL-5 (RANTES)

Polypeptides

Vasoactive intestinal polypeptide

Endothelin 1 and 3
De novo formed mediators
Phospholipid metabolites
PGD,
PGE,
Thromboxane A,
Leukotrienes
Platelet activating factor
Cytokines and chemokines
IL-18
IL-4
IL-6
IL-10
CCL2 (MCP-1)
CCL3, CCL4 (MIP-1a and 1B)
TNF-a

Growth factors

Vascular endothelial growth factor
Fibroblast growth factor-2 and -7

Vasodilation/vasoconstriction, vascular permeability
1, PG production 1, reduced myocardial contractility
(histamine H4 receptor, H4R), increased myocardial
contractility (histamine H, receptor, HoR), positive
chronotropic (H2R), tissue factor expression 1
Vasoconstriction

Bradykinin formation with vasodilation, fibroblast
proliferation, and fibrosis 1, increased intraplaque
hemorrhage, high density lipoprotein degradation

Angiotensin Il synthesis, vasodilation because of
bradykinin formation, conversion of pro-MMPs to MMPs

Angiotensin Il synthesis, cleavage of bradykinin

Arachidonic acid generation

Matrix degradation

Angiotensin | synthesis

Stabilization of tryptase and histamine, initiation of
bradykinin formation, enhanced lipid uptake

Attraction of leukocytes to the atherosclerotic
lesion and activation of immune cells, histamine
and serotonin release from MCs

Attraction of leukocytes to the atherosclerotic lesion
and activation of immune cells, histamine and
serotonin release from MCs

Vasodilation
Vasoconstriction, positive chronotropic

Vasodilation, vascular permeability 1

Vasodilation

Vasoconstriction

Vasoconstriction

Vasodilation, platelet activation, negative chronotropic,
reduced myocardial contractility

Arachidonic acid metabolite formation

Fibroblast proliferation 1, chemotaxis, and matrix
protein production

Proinflammatory, hypotensive

Regulation of tissue remodeling
Attraction of leukocytes to the atherosclerotic lesion
and activation of immune cells, histamine and serotonin
release from MCs, synthesis of leukotriene C4
Attraction of leukocytes to the atherosclerotic lesion
and activation of immune cells
Adherence and migration of inflammatory cells 1,
fibroblast growth, and chemotaxis

Vasopermeability 1, induction of plague angiogenesis
Activates fibroblasts, induction of plaque angiogenesis

Hypotension, hypertension,
tachycardia, heart failure

Coronary syndromes

Hypotension, heart failure,
atherosclerosis

Hypotension, hypertension,
heart failure

Hypertension

Hypotension, hypertension

Tachycardia, aneurysm

Hypertension

Hypotension, atherosclerosis

Atherosclerosis, aneurysm,
coronary syndromes

Atherosclerosis, aneurysm,
coronary syndromes

Hypotension
Hypertension, tachycardia,
coronary syndromes

Hypotension, hypertension
(by metabolite)
Hypotension
Hypertension
Hypertension, coronary syndromes
Hypotension, heart failure

Atherosclerosis, aneurysm
Atherosclerosis, heart failure

Hypotension, atherosclerosis,
heart failure

Heart failure

Atherosclerosis, coronary
syndromes

Atherosclerosis

Atherosclerosis, heart failure

Atherosclerosis
Atherosclerosis, heart failure

(Continued)
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Table Il. (Continued)

Translational Research
August 2016

Mediators

Physiological/pathophysiological effects

Cardiovascular symptoms

Transforming growth factor beta
Other

Nitric oxide Vasodilation

Production of CC-chemokine ligand 2 in fibroblasts 1

Heart failure

Hypotension

Abbreviations: IL, interleukin; MCP, monocyte chemoattractant protein; MIP, macrophage inflammatory proteins; MMPs, matrix metalloprotei-
nases; PG, prostaglandin; TNF-a., tumor necrosis factor a; CCL-5, chemokine (C-C motif) ligand 5; RANTES, regulated on activation normal T cell

expressed and secreted.
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Fig 1. Pulse-wave (PW) Doppler of the diastolic mitral flow profile in
the left ventricle in the transthoracic apical 4-chamber view (upper
part of the picture). In the lower part of the picture, the E-wave (E)
is smaller than the A-wave (A), which suggests a diastolic dysfunction
of the left ventricle in terms of a relaxation disturbance. Female mast
cell activation syndrome patient, age 61 years. (Figure taken from
Kolck).'"!

MCAS patients a diastolic left ventricular dysfunction
could be determined by pulse-wave imaging and-or
tissue Doppler imaging, which represents the most
sensitive sign of a myocardial textural alteration
(Figs 1 and 2).""*'"" In 5 of the 12 patients a left
ventricular hypertrophy was observed. Thus, although
there may be textural signs of heart failure in most
MCAD patients, symptomatic chronic heart failure
appears to be not more prevalent than in the general
population.

Pathogenesis. These alterations are probably due to
the remodeling effect of prohypertrophic cytokines
and proteases and profibrotic growth factors synthesized
and secreted by MCs.”’7-114115

Therapeutic options. The medical treatment options of
patients with chronic heart failure (New York Heart As-
sociation class II-IV) based on the European guide-
lines''® are also valid for MCAD patients with
clinically manifest heart failure. The European Society
of Cardiology Guidelines recommend a therapy-
escalation starting with diuretics to relieve symptoms

19/11/2008 16:12:02 TIS0.9 MI0.8
8$5-1/HERZuk

Fig 2. Tissue Doppler imaging (TDI) of the medial mitral annulus in
the transthoracic apical 4-chamber view (upper part of the picture). In
the lower part of the picture, the E’-wave is clearly smaller than the A’-
wave, which is demonstrating a diastolic dysfunction of the left
ventricle. Normally the E’-wave is taller than the A’-wave. The
same patient as in Fig 1. (Figure take from Kolck).""

or signs of congestion, followed by implementation of
ANG 1 receptor antagonists. ACE inhibitors are contra-
indicated in MCAD patients (for reasons, see aforemen-
tioned details). The next step in the therapeutic scheme
would be the use of B-adrenoceptor blockers, which,
however, are also contraindicated in MCAD patients
(for reasons, see aforementioned details). Therefore,
alternatively calcium channel antagonists of the
verapamil-type should be used. As further escalation
step of the medical therapy the use of spironolactone
or alternatively eplerenone is recommended. In case pa-
tients have a sinus rhythm the next therapy step should
be the implementation of ivabradine, if the heart rate is
>70 beats/min. In the case of atrial fibrillation digoxine
or digitoxine could be considered, if an induced cardio-
version (medical or electrical) has not been successful.

Coronary syndromes. MCs have been detected at the
site of vasospasm in patients with variant angina indi-
cating a role in coronary artery spasm.’ Numerous
case reports of patients with MCAD presenting as
Prinzmetal (Variant) angina''’ or allergic acute
coronary syndrome (“Kounis syndrome”)’"''® have
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been published. We have made similar observations in
our patient population (unpublished findings 2015).

Pathogenesis. MCs can form and secrete a plethora of
vasoconstrictive mediators such as serotonin, leukotri-
enes, and endothelin (Table IT).

Therapeutic options. The treatment should both dilate
coronary vessels and suppress MC mediator release.
Vasodilator drugs, including nitrates and calcium chan-
nel blockers, should be considered as first-line therapy.

CONCLUSIONS

Cardiovascular symptoms because of released MC
mediators are frequent in MCAD. Because a symptom
can be caused by several different MC mediators
(Table II), knowledge of the mediators increased in an
individual patient would allow a personalized therapy.
At present only few mediators can be determined in
routine laboratory; however, in future more mediators
will probably be available for routine investigation.
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Appendix

Supplementary Table 1. Criteria proposed to define mast cell (MC) activation disease (for references, see text)
when all other diagnoses that could better explain the full range and chronicity of the findings in the case have
been excluded

World Health Organization criteria defining

Proposed criteria defining systemic MC activation syndrome systemic mastocytosis
Major criterion Major criterion
Constellation of clinical complaints attributable to Multifocal dense infiltrates of MCs
pathologically increased MC activity (ie, aggregates of >15 MCs) in marrow and/or other
(MC mediator release syndrome) extracutaneous organ(s)

Minor criteria

1. Multifocal or disseminated dense infiltrates of MCs in marrow and/or Minor criteria
extracutaneous organ(s) (eg, gastrointestinal or genitourinary tract) 1. Abnormal spindle-shaped morphology in >25%
2. Abnormal spindle-shaped morphology in >25% of MCs in marrow or of MCs in marrow or other extracutaneous organ(s)
other extracutaneous organ(s) 2. Abnormal marrow MC expression of CD2 and/or
3. Abnormal MC expression of CD2 and/or CD25 (ie, coexpression of CD25 (ie, coexpression of CD117/CD25
CD117/CD25 or CD117/CD2) or CD117/CD2)
4. MC genetic changes (eg, activating KIT mutations outside codon 816) 3. Activating KIT mutation at codon 816 in MCs
shown to increase MC activity in extracutaneous organ(s)
5. Evidence (typically from body fluids such as whole blood, serum, plasma, 4. Serum total tryptase >20 ng/mL (does not apply
or urine) of above-normal levels of MC mediators including to patients who have associated hematologic
e tryptase non-mast cell lineage disease)
e histamine or its metabolites (eg, N-methylhistamine)
e heparin
e chromogranin A (note potential confounders of cardiac or renal failure,

neuroendocrine tumors, or recent proton pump inhibitor use)
e other relatively MC-specific mediators (eg, eicosanoids including
prostaglandin (PG) D, its metabolite 118-PGF,,, or leukotriene E4)
6. Symptomatic response to inhibitors of MC activation or MC mediator
production or action

The diagnosis primary systemic MC activation syndrome is made on fulfilment of the major criterion plus atf least 1 minor criterion (modified from
Molderings et al®?). According to the World Health Organization criteria (Valent et al®'), the diagnosis systemic mastocytosis is established if the
maijor criterion and at least 1 minor criterion or at least 3 minor criteria are fulfilled.
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