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Neurologists and psychiatrists frequently encounter patients whose central and/or peripheral neurologic
and/or psychiatric symptoms (NPS) are accompanied by other symptoms for which investigation finds no
unifying cause and for which empiric therapy often provides little to no benefit. Systemic mast cell acti-
vation disease (MCAD) has rarely been considered in the differential diagnosis in such situations.
Traditionally, MCAD has been considered as just one rare (neoplastic) disease, mastocytosis, generally
focusing on the mast cell (MC) mediators tryptase and histamine and the suggestive, blatant symptoms
of flushing and anaphylaxis. Recently another form of MCAD, MC activation syndrome (MC), has been rec-
ognized, featuring inappropriate MC activation with little to no neoplasia and likely much more hetero-
geneously clonal and far more prevalent than mastocytosis. There also has developed greater
appreciation for the truly very large menagerie of MC mediators and their complex patterns of release,
engendering complex, nebulous presentations of chronic and acute illness best characterized as multisys-
tem polymorbidity of generally inflammatory + allergic themes - including very wide arrays of central
and peripheral NPS. Significantly helpful treatment - including for neuropsychiatric issues - usually
can be identified once MCAD is accurately diagnosed. We describe MCAD’s pathogenesis, presentation
(focusing on NPS), and therapy, especially vis-a-vis neuropsychotropes. Since MCAD patients often pre-
sent NPS, neurologists and psychiatrists have the opportunity, in recognizing the diagnostic possibility
of MCAD, to short-circuit the often decades-long delay in establishing the correct diagnosis required to
identify optimal therapy.
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1. Introduction

In clinical practice neurologists and psychiatrists frequently
encounter patients whose central and/or peripheral neurologic
and/or psychiatric symptoms (NPS) are accompanied, persistently
or episodically, by a variety of other multi-system symptoms for
which investigation often finds no cause and for which empiric
therapy often provides little to no benefit. Systemic mast cell
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activation disease (MCAD) has rarely been considered in the differ-
ential diagnosis in such situations. Traditionally, MCAD has been
considered as just allergic phenomena together with rare, neoplas-
tic mastocytosis in assorted forms. Furthermore, although mast cell
(MC) activation is widely appreciated to cause readily clinically
appreciable flushing and anaphylaxis, little is known about the vast
array of mediators released by activated MCs and their necessarily
vast array of clinical consequences. Thus, the rarity of mastocytosis
and absence (in mysteriously multisystemically unwell neuropsy-
chiatric patients) of the “textbook classic” symptoms of MC activa-
tion conspire to deter physicians from considering MCAD in their
diagnostic thinking. Here we review the currently known spectrum
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of MC activation symptoms and the recently recognized form of
MCAD known as mast cell activation syndrome (MCAS) whose
prevalence and clinical behavior now make MCAD, and particularly
MCAS, a reasonable differential diagnostic consideration in many
patients — and all the more important to recognize given that effec-
tive therapy can be found for most MCAD patients. We will
describe the manifestations of MCAD (with a focus in the central
and peripheral nervous systems) as well as pathogenetic and ther-
apeutic issues (especially vis-a-vis neuropsychotropic drugs used
in MCAD patients).

2. Mast cells: Basic biology

Originating in hematopoietic tissue (and with reservoirs of pre-
cursors in white adipose tissue, too, Poglio et al., 2010) MCs are
immune cells that secrete pre-stored mediators, such as histamine
and tryptase, as well as numerous de novo synthesized chemokines
and cytokines in response to allergic or non-immune triggers. MCs
act as effector immune cells and as regulatory immune cells and
play central roles in adaptive and innate immunity (Gri et al.,
2012). 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 mecha-
nism of MC activation is cross-linking of IgE bound to FceRI on mast
cells by antigen contact. In addition, human MCs express a multi-
plicity of G-protein-coupled receptors and other recognition sites
on their surface which are IgE-independently involved in MC acti-
vation under physiological and pathophysiological conditions.

Apart from being prominently involved in allergic reactions,
MCs are critical for development and maintenance of integrity
and function in all tissues, thus explaining their ubiquitous, if typ-
ically sparse, presence in all tissues. Their central role in
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immunological as well as non-immunological processes is further
reflected by the large number of mediators (>200) by which MCs
may influence other cells (Lundequist and Pejler, 2011;
Ibelgaufts, 2015). The profile of mediators and cytokines stored
or produced de novo in MCs can markedly differ between and even
within organs/tissues depending upon a wide array of macro- and
micro-environmental factors including antigenic and physical
stimuli. Their mediators allow MCs to regulate local tissue func-
tions and host defense by acting as innate immune cells, by inter-
acting with the specific immune system, and by inducing and
regulating inflammation. Since MCs tend to site themselves at
the body’s environmental interfaces, they are perfectly equipped
with their mediators to significantly participate in orchestration
of the immune system. They can recruit other immune cells to
the site of injury and control the function of various cells such as
other granulocytes and T and B lymphocytes, thereby acting to pro-
tect the organism against bacterial, parasitic and viral infections.
MC actions can be targeted very precisely because, apart from their
ability to release pre-stored mediators via classic non-selective
whole-MC degranulation (as in anaphylaxis), MCs also can selec-
tively release specific patterns of mediators by morphologically
distinct secretory pathways referred to as piecemeal or differential
degranulation (Theoharides et al., 2007, e1, e2, e3, e4). In addition,
MCs are essential to the regulation of homeostasis. In this respect,
they contribute to wound healing as well as tissue remodeling, e.g.,
in hair follicles and bones (Ng, 2010, e5, e6, e7). MCs also promote
homeostasis by degrading, via their potent proteases, certain
endogenous toxins such as endothelin-1 or neurotensin released
in response to bacterial infection and bacterial toxins. It is under-
standable, then, that the very same mechanisms that enable MCs
to protect the organism can wreak focused or multisystem havoc
when uncontrolled.
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Fig. 1. Mast cell siting in the CNS. The highest densities of mast cells (MCs) in brain are found in the infundibulum, pituitary gland, area postrema, choroid plexus,
hypothalamus, and thalamus (shaded red in the MRI picture). Emotional, physical, or inflammatory stress triggers corticotropin releasing hormone (CRH) secretion from the
hypothalamus, in turn activating CRH receptors on MCs in the diencephalon and possibly also in the periphery. MC-derived neurosensitizing, proinflammatory, and
vasoactive mediators can then induce central nervous symptoms in MCAD. In addition, the hypothalamic-pituitary-adrenal axis is activated, influencing the activation of
MCs in the periphery (red arrows: inhibitory effects; green arrows: activating effects). Bidirectional interactions (yellow arrows) between MCs, microglia, astrocytes, and
neurons in the central nervous system are depicted in the box. Upon stimulation MCs can release vasodilatory and inflammatory mediators (e.g., histamine, interleukin-6,
vascular endothelial growth factor, tumor necrosis factor-o). As a result of dysregulation of this network by inappropriately activated MCs, neuroinflammation is induced.
Histamine and proteases effect leakage of the blood-brain barrier at the tight junctions (black arrow), resulting in infiltration of circulating lymphocytes and also MCs by
diapedesis. Focal brain inflammation can contribute to brain dysfunction, e.g., seizures, autistic behavior, hallucination, etc.
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3. Physiological and pathophysiological roles of mast cells in
brain

MCs have been detected in the brains of all vertebrates so stud-
ied thus far, certainly including the human brain (Khalil et al.,
2007, e8, €9). Reliable information about the absolute number of
MCs in the brain are lacking. The highest densities of MCs in brain
have been found in the infundibulum, pituitary gland, area post-
rema, choroid plexus and in the region around the 3rd ventricle
of cerebrum, the hypothalamus and thalamus (Fig. 1) (Porzionato
et al., 2004; Turygin et al., 2005; MaSlinska et al., 2005). The phe-
notype of any given MC is determined by its local environment.
For example, MCs in the hypothalamus lack tyrosine kinase KIT
(i.e., the receptor for stem cell factor SCF) (Pang et al., 1996;
Shanas et al., 1998), and thalamic MCs do not express cyclooxyge-
nase (Dubayle et al., 2005), thus precluding direct susceptibility to
treatments aimed at these targets when the MCs become patholog-
ically activated. Since MCs are located on the brain side of the
blood-brain barrier as well as in the leptomeninges, they can com-
municate with neurons, glia cells, microglia and vascular endothe-
lial cells by releasing their mediators or by direct physical contact
(Fig. 1) (Kovacs et al., 2006; Ito et al., 2008). MC mediators are dif-
ferentially released under normal conditions (i.e., not by total
degranulation as in an anaphylactic reaction) and can spread
through brain tissue volume several orders of magnitude greater
than a synaptic cleft (Nautiyal et al., 2009).

Ninety percent of thalamic histamine and up to 50% of total
brain histamine is synthesized by MCs in those sites
(Goldschmidt et al., 1985). Histamine is one of the most important
neurotransmitters in brain, activating H; and Hs histamine recep-
tors to help drive a variety of biological functions such as ther-
moregulation, regulation of food intake, cerebral seizures,
arousal, anxiety, reward and memory (Zarrindast et al., 2008;
Dere et al., 2010; Gianlorenco et al., 2012). Hence, MCs in brain
and other tissues can influence brain functions directly by releas-
ing histamine.

It is well known that stress can modulate the function of the
immune system. The neuropeptide corticotropin-releasing hor-
mone (CRH) is in the vanguard of the hypothalamic-pituitary-adre
nal axis (Fig. 1). Stress induces the release of CRH from hypothala-
mic neurons, thereby stimulating secretion of adrenocorticotropic
hormone from the pituitary gland into blood circulation, driving
synthesis and release of the stress hormone cortisol. In addition,
CRH as well as the neuropeptide neurotensin are able to distinctly
trigger MC activation by a nuclear factor kB-dependent mecha-
nism to the point of degranulation (Alysandratos et al., 2012,
el10, el1, e12). Other neuropeptides such as substance P (SP) and
vasoactive intestinal polypeptide (VIP) have been demonstrated
to activate MCs by engaging specific receptors in the MC mem-
brane (Kulka et al., 2008).

In addition to neuronally mediated activation of MCs, MCs in
turn, through their mediators and cytokines, can activate neurons,
eliciting emotional, cognitive, and sensorimotor changes and dis-
turbances (Reichenberg et al., 2001; McAfoose and Baune, 2009).
It has been confirmed in a large number of animal experiments
that MCs can modulate behaviors (Silver and Curley, 2013, e13,
e14). Since the MC-induced changes in behavior are probably the
result of a shift in the balance of a variety of neurotransmitters
in the CNS, a simple linear correlation between MC density, medi-
ator release, and behavior is not to be expected.

Several studies related to the role of the brain hormone mela-
tonin in the functioning of MCs have been published. Both resting
and stimulated RBL-2H3 cells (a rat MC line) synthesized and
released melatonin (Maldonado et al., 2010). The necessary enzy-
matic machinery for the synthesis of melatonin has been shown

to be present in MCs, and it also has been shown that these cells
express both the MT1 and MT2 melatonin membrane receptors
(Maldonado et al., 2010). Based on these results, it has been sug-
gested that melatonin probably has a regulatory effect on inflam-
matory reactions mediated by MCs (Maldonado et al., 2010). It
has been observed that melatonin is released by MCs in the late
phase of secretion and that melatonin inhibits the activation of
MCs, probably by an autocrine mechanism (Calvo et al., 2013).

MCs are versatile gatekeepers of pain (Chatterjea and Martinov,
2015). Both CNS-localized and peripheral nervous system
(PNS)-localized MCs are involved in the pathogenesis of neuroin-
flammation and in the development and maintenance of neuro-
pathic pain (Nelissen et al., 2013; Demir et al., 2013, el5, el6,
e17). MCs residing in close proximity to unmyelinated nerve fibers,
such as the nociceptive C-fibers (as has been shown in inflamma-
tory bowel syndrome Levy et al., 2012, irritable bowel syndrome
Barbara et al., 2006, and vulvodynia Bornstein et al., 2008), can
undergo ultrastructural alterations that spur differential mediator
release (Lavich et al, 2003). Adhesion molecules such as
N-cadherin and cell adhesion molecule-1 (CADM-1) facilitate
MC-nerve junctions (e18). MC-derived nerve growth factor (NGF)
has been shown to lower the threshold of nociceptor firing through
its binding to a potassium transporter TRK1-transforming tyrosine
kinase (trkA) (e19, e20). Another important signal at the MC-nerve
synapse is substance P. Released by both neurons and MCs, SP
leads to production of prostaglandins, leukotrienes, tumor necrosis
factor-a, and interleukin-6 by MCs (Kawabata, 2011; Okuse, 2007).
Binding of SP to MC-surface neurokinin-1 receptors primes MCs to
degranulate upon repeated application of lower doses of substance
P (Janiszewski et al., 1994).

Taken together, the broad spectrum of functions of MCs might
explain why dysfunctional MCs seem to be pathologically involved
in so many different neurological and psychiatric disorders
(Table 1).

4. Systemic mast cell activation disease

Systemic mast cell activation disease (MCAD) denotes a group
of primary polygenic MC disorders (Molderings, 2015) character-
ized not only by aberrant release of variable subsets of MC media-
tors but also sometimes by generally anti-apoptotic accumulation
of such dysfunctional MCs in potentially any or all organs and tis-
sues (Molderings et al., 2011). Due to both the widespread distri-
bution 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 pre-
senting polar opposite abnormalities in different patients.
According to current proposed classifications of MCAD
(Molderings et al., 2011; Valent et al., 2012), the traditionally rec-
ognized rare variant termed systemic mastocytosis (SM) is charac-
terized by a specific pattern of neoplastic MC proliferation and
associated somatic mutations in exon 17 of the tyrosine kinase
KIT (for which KITD816V accounts for the great majority
(Haenisch et al., 2012) together with certain immunohistochemical
and serologic findings (known as the World Health Organization
(WHO) criteria Valent et al., 2001, 2007) also associated with these
mutations. SM is further divided into several subtypes. The other
principal type of MCAD, only recently recognized, is termed mast
cell activation syndrome (MCAS). Like SM, MCAS is seemingly born
of sets of mutations in various genes (including all domains of KIT
Molderings et al., 2007, 2010) and presents a complex clinical pic-
ture of multiple MC-mediator-induced symptoms, but unlike SM,
the mutations in MCAS seem to drive relatively little MC
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Table 1

Neurological and psychiatric diseases for which pathogenetic involvement of mast cells has been demonstrated in humans and/or animal models.

e Autism (own observation and e46, e47, e48, e49).

o Fibromyalgia (own observation and Lucas et al., 2006,e24).

e Migraine (e48, e50, e51, e52).

o Neuropathic pain (own observation and Demir et al., 2013, e17, e53, e54).

o Complex regional pain syndrome (previous synonyms: Morbus Sudeck, Sudeck-dystrophia, Algodystrophia) (e55, e56).

e Multiple sclerosis (Nelissen et al., 2013; Smith et al., 2011).
o Alzheimer’s disease (Nelissen et al., 2013).

e Parkinsonism (e57).

o Neurofibromatosis (€58, e59).

e Vulvodynia (own observation and Bornstein et al., 2008).

accumulation, and MCAS patients fail to meet the WHO criteria for
diagnosis of SM (Molderings et al., 2011; Valent et al., 2012, e21,
e22). Importantly for the clinician (and the patient), though
MCAS may lack hallmark histologic and biochemical features of
SM (e.g., marked proliferation, aggregation and spindling of MCs,
and tryptase overexpression), these two major types of MCAD have
largely equivalent potentials for wreaking multisystem havoc via
aberrant mediator production and release.

As first studied in Germany, the corrected prevalence for MCAD
may be as high as 5-10% of the general population (Molderings
et al., 2013). This high prevalence should not be surprising since
MCAS may be an underlying cause of various common idiopathic
chronic inflammatory entities, e.g., fibromyalgia (Lucas et al.,
2006, e23, e24) and irritable bowel syndrome (Frieling et al.,
2011, e25, e26). Confirmation will be required, of course, but this
finding suggests that MCAS may be a common disorder, in contrast
to SM, whose prevalence is a rare 1 in 364,000 (Haenisch et al.,
2012).

The high prevalence of MCAD implies that some neurologists
and/or psychiatrists, like many other physicians, may treat MCAD
patients without recognition of that diagnosis and with the possi-
ble consequence of misinterpreting the NPS of MCAD (Table 2) as
independent  neurological or  psychological disorders.
Unawareness of MCAD and its prevalence also often leads to erro-
neous assessment of MCAD symptoms as psychosomatic com-
plaints or as a somatoform disorder.

4.1. How to diagnose mast cell activation disease

On the basis of enormous growth in knowledge of MC (patho)-
physiology in the last decade, largely similar proposals for diagnos-
tic criteria for, and treatment of, MCAD have been published by
multiple expert groups, as synopsized in eTable 2 (Molderings
et al,, 2011; Valent et al., 2012, e21, e27, €28, e29).

MCAD is first suspected on clinical grounds, typically based on
recognition of symptoms potentially referable to MC mediator
release and, in some, identification of typical rashes and skin
lesions. The clinical presentation of MCAD is very diverse, since
due to both the widespread distribution of MCs and the great
heterogeneity of aberrant mediator expression patterns, symptoms
can occur in virtually all tissues and systems (Table 2 and eTable 1)
(Afrin et al., 2013). Moreover, symptoms often occur in a tempo-
rally staggered fashion, waxing and waning over years to decades.
Over time, symptom-free intervals tend to shorten, and finally
symptoms become chronic with intensity which fluctuates but
with an overall trend toward steadily increasing intensity.
Especially in MCAS, symptoms often initially manifest during ado-
lescence or even childhood or infancy but usually are non-specific
and recognized only in retrospect as MCAD-related. An approach to
the diagnostic work-up is shown in Fig. 2 (Afrin and Molderings,
2014). Determination of levels of relatively specific MC mediators
in blood and urine (eTable 2), and detection (in some patients) of

increased MC density in tissue samples (typically from the gas-
trointestinal tract or bone marrow), are central to the diagnostic
process (eTable 2). Diagnosis and classification of MCAD can then
be achieved by the criteria listed in eTable 2.

5. Neurological and psychiatric aspects of MCAD
5.1. Neurological and psychiatric symptoms of MCAD

In studies over the last decade, at least 40-60% of MCAD
patients exhibited NPS (Table 2) (Hermine et al., 2008; Smith
et al,, 2011, e30, e31, e32, e33, e34, e35), whereas the prevalence
of NPS in the general population is below 10% (e30). The exact
mechanisms that underlie NPS in MCAD are not yet understood
in detail, but causal involvement of acute or chronic excessive
MC activation seems certain (Fig. 1) (Kushnir-Sukhov et al., 2008,
€36, e37). In the majority of cases of MCAD, there seems to be ini-
tially an activation of peripheral MCs, i.e., MCs located outside the
CNS. Irrespective of the origin of this MC activation, mediators are
transported by the bloodstream to the brain, where their effects
are integrated with MC-mediator-related changes in neural affer-
ents from the periphery. The resulting neuronal reactions and
adjustments clinically manifest in personality and behavior
changes, cognitive dysfunction, and central and peripheral nervous
symptoms. There are no systematic studies about the exact inci-
dence of MCAD primarily localized in the central nervous system
(CNS); hence, further studies (e.g., comparison of MC mediator
levels in the periphery vs. CNS in situations of acute and chronic
excessive MC activation) are necessary.

Given the ready effects of MCAD on the CNS and PNS, drug ther-
apy aimed at the reduction of MC activation often leads to an
improvements in NPS (Ashina and Ashina, 2004, e30 and authors’
observation). Also of note, peripheral blood levels of certain neu-
ropeptides (CRH, SP, somatostatin, VIP, calcitonin gene-related
peptide) and expression of corresponding receptors are increased
in the MCs in MCAD patients. Thus, a synergistic activating effect
of neuropeptides on MCs can be assumed (Maintz et al., 2011;
Peng et al., 2013, e12). Furthermore, when one considers the trig-
gering of pathologically hyperexcitable MCs by neuropeptides CRH
and neurotensin (Alysandratos et al., 2012, e10, e11), it becomes
likely that the intensity of MCAD symptoms is regularly modulated
by psychologically stressful situations (whether positive or nega-
tive in nature) and that physicians not experienced with MCAD
can misinterpret MCAD symptoms as somatization. In this context,
it is important to know that there is no correlation between the
intensity of NPS in MCAD and the intensity of other symptoms in
MCAD (Hermine et al., 2008, e37 and authors’ observations).

Neuropathic pain in MCAD is an especially vexing symptom for
both patient and physician, as such pain frequently changes in
intensity and localization due to its MC genesis. Sometimes, a sim-
ple initial attempt at treatment in the form of omission of gluten
and cow’s milk protein from the diet can prove effective (e38,
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Table 2

Neurologic and psychiatric symptoms and findings in MCAD (all symptoms listed were also observed by the authors).

Specialty ~ Possible symptoms of MCAD

Neurology e Headaches (in particular migraine-like) (Silver and Curley, 2013; Afrin et al., 2013; Afrin and Molderings, 2014; Hermine et al., 2008; Smith et al., 2011;

Ashina and Ashina, 2004, e36, e48, e51, e52, e60),

e presyncope and/or syncope (Afrin et al., 2013; Afrin and Molderings, 2014; Smith et al., 2011),

e peripheral (usually) distal sensory and/or motor neuropathy and paresthesia (Afrin et al., 2013; Hermine et al., 2008, e15, e61, e60),

e intradural adhesions in some circumstances with compression of the spinal cord (eFig. 1) (e62),

o syrinx-like findings in the spinal cord (eFig. 2),

e chronic inflammatory demyelinating polyneuropathy (Afrin et al., 2013; Smith et al., 2011),

e mixed organic brain syndrome (Hermine et al., 2008, e32),

e mast cell mediator-induced hypoxia/ischemia with resulting symptoms (e.g., parkinsonism, encephalopathy) (Silver and Curley, 2013, e15, e63, e33,
e57),

Parkinsonism (e63),

unclear medullary lesions on MRI (e33; own observations),
transient chorea (e66, e67),
tics (Afrin et al., 2013; Afrin and Molderings, 2014),

restless-leg-like symptoms (own observations),

sleep disorder (different forms) (Afrin et al., 2013, e30, e36),
irresistible drowsiness/sleep attacks (e36, e60),
acoustic startle (e14),

tinnitus (Hermine et al., 2008),
neuronal symptoms of allergy (e74),
pain hypersensitivity (e75).

Psychiatry
motivation disorder (Hermine et al., 2008, e30, e37, e69),

anxiety disorder (e30, el14, e72, e60),

panic attacks (Afrin et al., 2013),

psychosis (e73),

word-finding difficulties (Afrin et al., 2013, e32),

Gratuitous upset (e.g., angry, depressed) (Hermine et al., 2008, e32),

depressive episode (Hermine et al., 2008, e30, e32, e37, e70, e60),
bipolar affective disorder (Afrin et al., 2013; Afrin and Molderings, 2014),
attention deficit hyperactivity disorder (Afrin et al., 2013; Afrin and Molderings, 2014),

hemorrhage due to MCAD-induced bleeding and cerebral venous thrombosis with resulting symptoms (e34, e35, e64, e65),

tremor (typically resting tremor) (Afrin et al., 2013; Afrin and Molderings, 2014),

abnormal electroencephalography, epileptiform disorders (often resistant to treatment) (e68, Afrin et al., 2013, e70,e71; own observations),

selective hyperacusis (often bass response) (Afrin and Molderings, 2014),

posttraumatic stress syndrome (Afrin et al., 2013; Afrin and Molderings, 2014),
visual hallucinations that disappear under blockade of mast cells (own observations),

hyperventilation tetany-like symptoms (Afrin and Molderings, 2014),

disturbance of memory (Afrin et al., 2013; Hermine et al., 2008, e31, e32, e70),

o difficulties in concentrating (Hermine et al., 2008, e31, e32 e70, e69).

e39), perhaps because unregulated increased MC activation may
induce non-IgE-mediated hypersensitivity to these dietary sub-
stances and perhaps also because these food substances are known
to non-specifically stimulate the intestinal immune system and
thereby activate intestinal mucosal MCs. In this context, it should
be borne in mind that a non-celiac gluten sensitivity may be the
reason for the clinical picture of gluten ataxia, believed to account
for about 20% of all progressive ataxia and 45% of idiopathic spo-
radic ataxias (e38, e40). Strikingly successful pharmacotherapy of
neuropathic pain in MCAD patients can be achieved with benzodi-
azepines, cannabinoids, and the IgE antibody omalizumab
(Molderings et al., 2011; Hugel et al., 2003; Grotenhermen and
Miiller-Vahl, 2012). In experimental use an improvement of neuro-
pathic pain was achieved with certain tetracyclines such as
minocycline (independent of its antibiotic properties) (e41, e42,
e43).

5.2. Limitations in the use of neuropsychotropic drugs in MCAD
patients

The complex network of different pathomechanisms of MCAD
symptoms (release of a variety of mediators; stimulation of MC
activation and mediator release by a variety of neurotransmitters
and stimuli; influencing of other immune cells such as T and B lym-
phocytes with resulting development of allergic and non-allergic
hypersensitivity including intolerances) regularly leads to hyper-
sensitivity of MCAD patients to a variety of xenobiotics, including
neuropsychotropic drugs (Table 3).

Generally, neuroleptics, antidepressants and monoamine oXi-
dase inhibitors appear to inhibit the release of mediators from
MCs in low (ordinarily therapeutically irrelevant) concentrations,
and to induce mediator release at high (therapeutically relevant)
concentrations (Church and Gradidge, 1980). Representatives of
these medication classes for which a predominantly inhibitory
effect was observed on MCs are listed in Table 3. Due to their
mechanism of action, reuptake inhibitors of neurotransmitters
induce an increase in transmitter concentration in the vicinity of
the MCs, which thereby can be activated via the corresponding
excitatory receptors. Patients often report a worsening of MCAD
symptoms after initiation of selective serotonin reuptake inhibitors
(SSRIs), but positive effects of such drugs on MCAD have been
observed, too (own observations, LBA). Since there are no predic-
tive biomarkers for positive or negative effects of reuptake inhibi-
tors in MCAD patients, such drugs (particularly SSRIs) should be
used with reservation and caution in MCAD patients. Because most
benzodiazepines bind with high affinity to a recently discovered
recognition site on activated MCs (e44, e45), they accumulate in
the brain only slowly and in small concentrations, and thus high
doses often are required when using such drugs to treat brain ill-
ness such as epilepsy. Exceptions in this respect are clonazepam
and triazolam, which bind little to MC-surface benzodiazepine
recognition sites and therefore are suitable for anticonvulsant ther-
apy or treatment of insomnia (Table 3). Finally, it should be noted
that regardless of research findings on the tolerability of drugs in
MCAD, each drug can induce intolerance symptoms in the individ-
ual MCAD patient. Of note, MCAD patients commonly are
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> Specific medical history with regard to a mast cell mediator
release syndrome

> Specific physical examination for mast cell-induced
cutaneous signs

> Determination of potential mast cell mediators

¥ Gastroscopy, coloscopy with biopsy and mast cell specific
immunohistochemical analysis of the biopsies

> Sonography of the internal organs (presence of hepato- or
splenomegaly; swelling of the intestinal wall)

> Specific exclusion of relevant differential diagnoses

g

Diagnosis:
Systemic mast cell activation disease (f{CAD)

of the variant

systemic mast cell activation syndrome
mastocytosis (MCAS)
F1 o |
mandatory optional

Bone marrow biopsy to

« exclude hematologic non-mast cell lineage diseases

« detect a possible accumulation of mast cells

« detect possible morphologic/immunochistochemical/genetic
pathological alterations of mast cells

Fig. 2. Diagnostic algorithm when a systemic mast cell activation disease (MCAD) is suspected.

Table 3
Neuropsychiatric disorder drug therapies which may trigger mast cell mediator release. Compilation of drugs for the treatment of central nervous system and peripheral nervous
disorders that are associated with a high risk of release of mediators from MCs and their therapeutic alternatives in MCAD patients.

Medical indication

Substance group

Drugs with proven or theoretically high risk of
mast cell activation

Drugs with a low, absent, or inhibitory effect on mast cells

Psychopharmacological
therapy

Anticonvulsive therapy
Treatment of

Parkinson’s disease

Analgesics

Therapy of neuropathic
pain

Sleep disorders

Neuroleptics
Antidepressants

Selective dopamine-
and norepinephrine
reuptake inhibitors
Selective serotonin —
reuptake inhibitors

Opioid analgesics

Peripheral acting
analgesics

Local anesthetics

Bupropion (e87)

All (often poorly tolerated dependent on
individual factors) (e60, own unpublished
experiences)

Carbamazepine (e86), topiramate (own
unpublished experiences)

Meperidine, morphine, codeine (e90, €91, €92,
e93)

All non-steroidal anti-inflammatory drugs
(NSAIDs), if symptoms of intolerance have
occurred in the health history (e60, e95)

Ester-type: tetracaine
procaine (e90)

Clozapine (e77, e78), chlorpromazine (e81), haloperidol (e78)
Amitriptyline (e76, e88, e89), doxepin (e88), clomipramine
(e88, e89), imipramine (e88), maprotiline (e89)

Clonazepam, diazepam (€90)

Dopamine receptor agonists (e79); clozapine (e77, e78),
bromocriptine (e78)

Remifentanil, alfentanil, fentanyl, piritramide, oxycodone (e90,
e91, e93, e94)

Paracetamol, metamizole (e90, e93, e94)

etoricoxib (own unpublished experiences)

other: palmitoylethanolamide (e82, e84)

cannabinoids (Grotenhermen and Miiller-Vahl, 2012, e80, e85)
Amide-type: bupivacaine (e94)

Abstention of gluten and cow’s milk protein (e96)
benzodiazepines (flunitrazepam, lorazepam) (own
unpublished experiences)

palmitoylethanolamide (e82, e84)

cannabinoids (Grotenhermen and Miiller-Vahl, 2012, e80, e85)
omalizumab (own unpublished experiences)

minocycline (tetracyclines) (e41, e83)

Triazolam (own unpublished experiences)




320 L.B. Afrin et al./Brain, Behavior, and Immunity 50 (2015) 314-321

intolerant of various drugs because of reactivities directed against
excipients (e.g., fillers, binders, dyes, preservatives) rather than
active ingredients, and thus sometimes trials of alternative formu-
lations of a quickly, or unusually, offending drug can identify not
only a tolerable formulation but also reveal the identities of speci-
fic offending excipients, with such information then helping to
guide global medication management in the patient.

5.3. Role of psychotherapeutic techniques in the treatment of MCAD

Although NPS in MCAD reflect systemic dissemination of MC
disease, individual patient circumstances may still permit psy-
chotherapy co-treatment to be helpful. Psychotherapy may be nec-
essary to support patients in mentally coping with the incurability
of the disease, and psychotherapy also can illustrate strategies for
dealing with the social environment that often reacts uncompre-
hendingly and adversely against the MCAD patient. To this end,
cognitive-behavioral methods may be more useful than psychody-
namic approaches. Finally, activation of MCs by psychological
stress (e.g., via CRF Alysandratos et al., 2012) may be lessened by
psychotherapeutic treatment which successfully reduces stress.

6. Conclusions

When NPS are associated with chronic or recurrent multisystem
disturbances of otherwise unclear unifying origin, systemic MCAD
should be included early in the differential diagnosis. The presence
of MCAD can be suspected clinically on the basis of
mediator-induced symptoms after exclusion of relevant differen-
tial diagnoses (e.g., carcinoid, pheochromocytoma, primary cardiac
dysrhythmias, porphyria). In principle, MCAD therapy consists of
attempts to reduce pathologically increased MC activation and to
ameliorate consequences of inappropriate release of MC mediators.
In MCAD patients, NPS and other symptoms often improve with
specific MCAD therapy targeted at MC mediator production and
action. Pharmacotherapy of MCAD can be supported by
cognitive-behavioral psychotherapeutic techniques in selected
cases. Physicians should be aware of challenges in use of various
classes of neuropsychotropic drugs.
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