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 Introduction 
 

A BRIEF HISTORY OF MAST CELLS  
Mast cells were first identified by Paul Ehrlich in 1878 as cells filled 
with granules that stained with aniline dyes.1 Although Ehrlich 
described the distribution and histochemistry of mast cells with an 
impressive lucidity still relevant more than 130 years later, his 
proposed physiological function has not stood the test of time. Ehrlich 
speculated that mast cells functioned as a store of nutritional value 
for connective tissue, with the word mast deriving from either the 
German word for an animal-fattening feed or from the Greek for 
breast depending on your apocryphal tale of choice.2,3 Currently, 
mast cells are most often recognized for their role in allergic 
reactions, but it took 70 years after their discovery for this connection 
to be established. 

Of special relevance to this thesis is the foundational work of Riley 
and West in 1952 wherein they used a cutaneous form of 
mastocytosis to prove a correlation between mast cells and 
histamine, not only demonstrating an association between mast cells 
and allergic diseases but also illustrating the use of mastocytosis as 
a model to better understand human physiology.4 Even so, an 
understanding of the role of mast cells during physiological 
conditions has remained an elusive goal. 
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MAST CELL BIOLOGY 
Mast cells are unique among the myeloid lineage in that the majority 
of their maturation and development occurs outside the bone marrow 
niche. Mast cells start their development as pluripotent stem cells in 
the bone marrow. (Figure 1). Driven by loco-regional signaling, 
mostly through the C-KIT receptor and IL-3, these stem cells 
differentiate into mast cell committed CD34+ progenitors that enter 
the circulation.5 Further development into mature mast cells only 
occurs while residing in the target tissue, with the highest quantity of 
mast cells found in the compartments of the body closest to the 
external milieu. Interestingly, the mast cell phenotype, as determined 
by granules containing the proteases chymase or tryptase, appears 
to be associated with the tissue of residence. For instance, mast cells 
expressing only chymase are mainly found in the gastro-intestinal 
tract, whereas tryptase containing mast cells are preferentially found 
in the skin and mucosal lining of the respiratory tract.6 It is currently 
unknown whether this is due to tropism of selected mast cells or due 
to signaling from the micro-environment affecting mast cell 
development. After reaching maturity, mast cells have the capacity to 
release an enormous variety and quantity of cytokines in a relative 
short time-span. As such they have been implicated in the regulation 
of a myriad of innate and adaptive immune responses, such as 
clearance of parasitic and bacterial infections, wound healing and 
even ameliorating envenomation.7,8  

However, for several of these functions mast cells seem to serve at 
least a partially redundant or even deleterious role.9,7 Nevertheless, 
as one author eloquently stated: “… one thing is certain: evolution did 
not give us mast cells so that we can eat a peanut and die.” 7 and it 
seems clear that mast cells must serve an important non-redundant 
function that perhaps has yet to be discovered. 
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Figure 1: Mast cell development and heterogeneity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(1) Pluripotent stem cells (SC) differentiate into CD34+ progenitors that enter the 
circulation(2). Here the majority of the cells travel to the skin and mucosal linings 
including the gastrointestinal tract with a smaller populating residing in the lungs. It 
is here that they mature into a phenotype that depends on their residing tissue,  as 
evidenced by the protease they contain. Mast cells expressing only chymase are 
mostly limited to the gastro-intestinal tract (3), whereas their counterparts in the 
skin express both tryptase and chymase (4) whereas mast cells containing only 
tryptase are preferentially found in the lungs.  

 

 

[9] 
 

PREVALENCE AND DIAGNOSTIC CRITERIA OF 
MASTOCYTOSIS 
The overarching aim of this thesis is to better understand mast cells 
and their role in sickness and health, with an emphasis on 
mastocytosis as both a disease and as a model for general mast cell 
roles. Mastocytosis is a rare disease, with a prevalence of at least 
13.0 per 100,000 inhabitants, and is defined by an excessive 
accumulation of abnormal mast cells of clonal origin in various 
tissues.10 The extent of the mast cell infiltration along with the organ-
systems involved further stratifies mastocytosis into several sub 
classifications. Cutaneous mastocytosis (CM) is defined as 
mastocytosis limited to the skin and is diagnosed based on skin 
lesions suggestive of mast cell infiltration accompanied by histologic 
evidence of mast cell infiltrates in a skin biopsy without evidence of 
systemic involvement.11 Most often CM presents as urticaria 
pigmentosa, also known as maculopapular cutaneous mastocytosis, 
red-brownish skin lesions that itch and form a wheal after direct 
physical stimulation. CM is the most prevalent form of pediatric 
mastocytosis and CM patients may rarely progress to a systemic 
disease. Systemic mastocytosis (SM) patients may also present with 
skin infiltrates but in addition exhibit extra-cutaneous infiltration, 
usually the bone marrow.  The diagnosis of SM is based on the 
extent of infiltration and evidence of clonal mast cells, with SM being 
diagnosed if at least 1 minor and 1 major criterion or 3 minor criteria 
are present (Table 1). The clinical presentation and prognosis of SM 
varies and SM is further stratified based on the presence of signs of 
organs dysfunction as evidenced by B or C findings (Table 1). 
Indolent systemic mastocytosis (ISM) is the most prevalent category 
of SM, and is characterized by an increased mast cell burden as 
measured by serum tryptase and infiltration of organs by mast cell 
aggregates without subsequent dysfunction.12 ISM patients have a 
near-normal life expectancy but may suffer from life threatening 
mediator release symptoms. The advanced categories of SM, 
namely aggressive systemic mastocytosis (ASM), SM with an 
associated hematologic neoplasm (SM-AHN) and mast cell leukemia 
(MCL), are hallmarked by aggressive tissue invasion and subsequent 
organ dysfunction such as cytopenia and a severely compromised 
life expectancy.11,12   
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Table 1a: Diagnostic criteria for  systemic mastocytosis:    

Indolent systemic mastocytosis: 1 major and 1 minor criteria without C findings and <2 B findings 

Major 
criteria 

Multifocal dense infiltrates of mast cells (15 or more in aggregate) detected in sections 
of bone marrow and/or extracutaneous organs 

Minor 
criteria 

Detection of CKIT 
mutation at codon 816 
in bone marrow, blood 

or extracutaneous 
organ. 

In biopsy > 25% of mast cells are spindle-shaped  

Baseline serum tryptase 
of 20 ng/ml or higher. 

Mast cells in bone marrow, blood or other extracutaneous 
organ that expresses CD2 and/or CD25 

Smoldering  systemic mastocytosis: the same criteria as ISM but with  2 or more B findings and 
no C findings 

B 
findings 

Mast cell infiltration in 
the bone marrow >30%  

and basal serum 
tryptase level >200 

ng/ml 

Hypercellular BM with  
signs of dysmyelopoiesis 

without substantial 
cytopenias or WHO 

criteria for an MDS or 
MPN 

Palpable organomegaly or 
lymphadenopathy  >2 cm) 

without impaired organ 
function 
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Mastocytosis pathogenesis 

Central in the pathogenesis of mastocytosis are activating mutations 
in the C-kit receptor.13 (Figure 2) These mutations result in ligand 
independent phosphorylation of SHC and JAK which in turn activate 
MAPK and STAT pathways, driving mast cell proliferation, survival 
and mediator release. C-kit signaling also promotes mast cell 
degranulation following crosslinking of the high affinity IgE receptor 
through PI3K signaling.14,15 Several compounds targeting the C-kit 
receptor have been investigated. The tyrosine kinase inhibitor 
Imatinib is effective in reducing C-kit signaling.16 However, the most 
common mutation in mastocytosis, the D816V and D816Y mutations, 
are situated in the c-KIT activation loop, rendering them resistant to 
Imatinib.17 The novel therapeutic compound Midostaurin targets both 
the tyrosine kinase activity of the C-Kit receptor as well as Syk and 
PKC, both enzymes involved in IgE mediated mast cell 
degranulation.18,19 As such, midostaurin exhibits mast cell 
proliferation and degranulation inhibiting capabilities and is registered 
for use in advanced mastocytosis.20,21 The question remains whether 

Table 1b: Diagnostic criteria for agressive  systemic mastocytosis:    

Advanced systemic mastocytosis: the same criteria as ISM but with  1 or more C  findings 

C findings 

Absolute neutrophil 
count<1,000/µL 

Or Hb<10 g/dL 

Or Thrombocytes 
<100,000/µL 

Ascites and 
impaired liver 

function 

 

Hypersplenism 

 

Malabsorption 

 

osteolyses with 
pathologic 
fractures 

Other life-threatening 
organ damage caused 

by mast cell  infiltration. 
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it can also benefit indolent systemic mastocytosis patients, whom 
mainly suffer from mediator release symptoms. As noted previously, 
the diagnosis of advanced SM is based solely on clinical parameters 
as no markers differentiate between advanced and indolent systemic 
mastocytosis are known. One possible candidate could be CD30, 
which was found to be preferentially expressed in advanced 
mastocytosis but also plays a key role in allergic sensitization as a 
stimulatory receptor.22,23 

 

 

 

 

Figure 2: Signaling cascades of the C-KIT and high affinity IgE 
receptor (FcER1) 
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CLINICAL PRESENTATION AND TREATMENT OF 
MASTOCYTOSIS 
Mastocytosis patients exhibit substantial heterogeneity in clinical 
presentation, not only between subtypes but also within each 
subtype. The largest disease burden for indolent systemic and 
cutaneous mastocytosis patients is not due to the mast cell burden 
but due to mediator release symptoms, such as pruritus, 
anaphylaxis, fatigue and flushing.24 Moreover, these mast cell 
mediators also cause increased bone turnover resulting in 
osteoporosis and fragility fractures.25 Some of these symptoms are a 
minor burden whereas other patients become unable to perform their 
daily tasks or are hospitalized with life threatening reactions. The 
current standard of care for these patients consists of comprehensive 
use of antihistamines, anti-leukotrienes and osteoporosis prophylaxis 
with calcium and vitamin D (Table 2). However, a substantial portion 
of patients suffer symptoms refractory to these treatments and are in 
need of novel therapeutic options. Insect stings are a particular 
menace for mastocytosis patients, with nearly 50% of stung indolent 
systemic mastocytosis patients experiencing an anaphylactic 
reaction.26 There currently exist no method to identify those 
mastocytosis patients most at risk and as such patients are often 
recommended to carry an epinephrine auto-injector at all times. For 
non-mastocytosis patients it had been previously established that an 
increased basal serum tryptase (bsT) level, a biomarker indicating a 
high mast cell load, correlates with an increased risk for both severe 
systemic reactions to insect stings.27 For patients that have suffered 
an anaphylactic reaction to insect stings venom immunotherapy is 
indicated but has to be maintained lifelong.28 

For the advanced systemic mastocytosis patients mediator release 
symptoms take a backseat to the life threatening organ dysfunction 
caused by mast cell infiltration. Cytoreductive therapy is the main 
stay of treatment, consisting of cytotoxic medication such as 
cladribine, through stimulation of the immune system using 
interferon-alpha or through targeted therapies using tyrosine kinase 
inhibitors.29 
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Table 2: Standard of care for mastocytosis 
Disease Category Treatment modality 
  

Mastocytosis  
(all categories) 

Trigger avoidance (radio contrast agents, 
NSAID's, opioids, anesthesia) 

Premedication before  trigger exposure 
Epinephrine auto injector 

H1 and H2 anti-histamines, cromoglycate, 
anti-leukotriene drugs 

Hymenoptera venom immunotherapy 
Cutaneous 

Mastocytosis UV irradiation, PUVA 

Indolent systemic 
mastocytosis 

Osteoporosis prophylaxis: calcium, vitamin D 
bisphosphonates in the case of osteoporosis 

Advanced systemic 
mastocytosis 

Midostaurin 
Cladribine 

Interferon-alpha, with or without 
corticosteroids 

Allogeneic hematopoietic cell transplantation 
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