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ABSTRACT

INTRODUCTION: The mast cell lives a hidden life, but it is
implicated in several physiological reactions. Its ability to
react to different stimuli impacts a variety of conditions

such as asthma, atopic dermatitis, urticaria and anaphylaxis.

It is not until recent decades that the evolution of the cell
has been described and its fascinating biology has only
recently been depicted. We here give a review of systemic
mastocytosis in regards to cell biology, diagnostic ap-
proaches and clinical practice.

METHODS: A search was made in PubMed in August 2011
entering the keywords: mastocytosis, (systemic, cutaneous,
aggressive), mast cell leukaemia, mast cell sarcoma,
chromosome, mutation, haematology and treatment.
RESULTS: Mastocytosis is characterized by an abnormal
proliferation of mast cells, which accumulate in one or
several organ systems, primarily the skin and bone marrow.
The disease is clinically heterogeneous and varies from a
relatively benign condition with isolated cutaneous lesions
to a very aggressive systemic condition with a grave prog-
nosis. The condition affects men and women equally. Chil-
dren are especially affected by the cutaneous form. In most
children, the condition will improve or remit spontaneously
before adulthood. Mastocytosis in adults, however, is more
often systemic and tends to persist.

CONCLUSION: Patients with mastocytosis represent a het-
erogeneous group in terms of clinical presentation, man-
agement and prognosis. Furthermore, a range of medical
specialties serve as the primary entrance to health services,
which can be a challenge in respect of achieving uniform
management. In order to improve diagnostics and manage-
ment of systemic mastocytosis, the European Competence
Network on Mastocytosis has been established. Patients
under suspicion of systemic mastocytosis should be con-
ferred with or referred to a haematological and a dermato-
logical/allergological department.

The mast cell lives a hidden life, but plays an important
role in many physiological processes. The cell’s ability to
react on various stimuli is demonstrated by its implica-
tion in a wide range of conditions such as asthma, rhini-
tis, atopic dermatitis, urticaria and anaphylaxis. The cell
was described by Paul Erlich in 1878 [1], but had already
been linked to allergies some years earlier [2]. It is not
until recent decades, however, that the evolution of

the cell has been described [3, 4] and its fascinating
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AHNMD = associated non-mast cell lineage clonal haematological
malignancy/disorder

AML = acute myelogenous leukaemia

ANC = absolute neutrophil count

ASM = aggressive systemic mastocytosis

CD = cluster of differentiation

Gl = gastrointestinal

ISM = indolent systemic mastocytosis

MCL = mast cell leukaemia

MCS = mast cell sarcoma

MDS = myelodysplastic syndrome

MPN = myeloproliferative neoplasia

PDGFRA = platelet-derived-growth-factor-alpha

SM = systemic mastocytosis

SM-AHNMD = systemic mastocytosis with associated clonal
haematological non-mast cell lineage disease

WHO = World Health Organization
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biology has only been depicted within recent years

[5, 6]. We here give a review on systemic mastocytosis
in regards to cell biology, diagnostic approaches and
clinical management.
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A search was made in PubMed in August 2011 entering
these keywords: mastocytosis, (systemic, cutaneous,
aggressive), mast cell leukaemia, mast cell sarcoma,
chromosome, mutation, haematology and treatment.
A search for relevant reviews in the Cochrane Library
revealed no relevant results.

The mast cell

The mast cell originates from the pluripotent “cluster

of differentiation” (CD)-34-positive haematopoietic stem
cell [7]. Mast cell progenitors are known to leave the
bone marrow before complete maturation and to
“home” for well-vascularized tissues. In contrast, all
other myeloid cells reside in the bone marrow until

they have achieved complete maturation [8, 9]. Murine
models have led to the identification of distinct mast cell
progenitors and, furthermore, shown that these progeni-
tors originate from pluripotent stem cells [10]. Other
studies have shown that mast cells and basophil granu-
locytes are derived from a common progenitor cell
which is differentiated after the granulocyte-monocyte
progenitor-stage [3]. It is possible that the order of
expression of certain transcription factors, especially



DANISH MEDICAL JOURNAL

Dan Med J 59/3 March 2012

up-regulation of GATA and down-regulation of CCAAT/
enhancer binding protein (C/EBP)a in the early stages,
plays a key role in determining the fate of the cell in
respect to becoming a basophil granulocyte or a mast
cell [11].

The morphology of mature mast cells is very charac-
teristic with distinct granules. The cells are usually local-
ized beneath or in the epithelium, close to vessels,
nerves, smooth muscle cells and glandular tissue, but
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Systemic mastocytosis: infiltration in bone marrow.
A. Haematoxylin and eosin stain. B. CD25 staining. C. CD117 staining.
Copyright: Michael Boe Mgller.

do not circulate in peripheral blood [9]. Mast cells there-
fore act as outposts of the immune system in regards to
exogenous allergens and pathogens [12] (Figure 1). Mast
cells do not contain different types of granules like the
neutrophil granulocyte, but different mast cell popula-
tions can contain granules of different size and probably
different contents [6, 13].

Mast cells therefore live a discreet life —and prob-
ably do so for many years. They can be stimulated to
re-enter the cell cycle and proliferate [8, 9]. Mast cells
can be grown in culture for the purpose of studying bio-
logical aspects and relate them to pathophysiological
conditions.

Mast cells contain a wide range of biologically ac-
tive substances that all have distinct effects. As a group,
these preformed substances are classified as “mast cell
mediators”. They include histamine, which mainly origi-
nates from this cell, proteases, heparin, proteoglycans,
leukotrienes and other cytokines with broad effects on
other cells [7].

The proteases (chymases, tryptases and carboxy-
peptidase A) are exclusively released by mast cells [6].
Gene expression is particularly strong for proteases in
mast cells [14] and the different, biologically active sub-
stances are directly referable to symptoms and clinical
findings by degranulation.

Tryptase is found in substantial amounts in gran-
ules, but is kept inactive by low ph until exocytosis.
Substrates for tryptase are, among others, fibrinogen,
pre-kallikrein, complement factor C3, which can be re-
lated to an anticoagulant effect, vascular permeability
and anaphylaxis [5]. Measurements of serum-tryptase
can be used as a marker of mast cell degranulation [15].

Exocytosis of biologically active substances can be
graduated and targeted depending on different “trig-
gers”. Degranulation is therefore not to be regarded as
an “on-off” mechanism. The mechanisms of degranula-
tion can be immunoglobulin (Ig)-E-mediated or initiated
by various pathogens, but may also include more un-
specific stimuli, and the release of biologically active
substances can initiate acute or maintain chronic inflam-
mation [16]. By these means, the mast cell plays an im-
portant role in allergic reactions and by amplifying or
regulating kinetics in the adaptive immune system [8].

Stem cell factor (SCF) plays a pivotal role in mast-
cell regulation and the receptor mast/stem cell growth-
receptor also designated CD117 [7]. CD117 is a trans-
membrane protein with tyrosine-kinase-activity, and the
KIT-gene that codes for CD117 is situated on chromo-
some four [17]. Thus, mast cells are derived from
CD117-positive haematopoietic stem cells, but while
CD117 is down regulated on other myeloid precursors,
the mast cell maintains a high CD117 expression as a
mature cell [7]. CD117-deficient mice lack mast cells
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[17], and SCF promotes survival by suppressing apopto-
sis after binding CD117 [9].

Classification — mastocytosis

The classification of mastocytosis has been revised
in the 2008 WHO classification [15]. Mastocytosis is
divided into two main entities:

—  Cutaneous mastocytosis (CM), which is limited to
the skin

—  Systemic mastocytosis (SM), which is a clonal and
disseminated condition.

CM may be further subdivided into different entities,
but the reader is referred to reviews in dermatology for
this topic.

Criteria for systemic mastocytosis

Mastocytosis is present if the “major” criterion and at
least one “minor” criterion are fulfilled or if at least
three “minor” criteria are present (Table 1). Please also
refer to the sections “Pathological diagnostics” and
“Molecular biology” for details.

In the majority of adults with mastocytosis, the
condition will be disseminated as the use of sensitive
and specific methods most often will demonstrate
abnormal mast cells exhibiting CD25 expression and
KIT-mutation [18].

Provided that SM can be demonstrated, the condi-
tion should be further classified into one of the six sub-
types (Table 1, “B” findings represent organ involvement
without organ dysfunction while “C” findings represent
organ involvement with organ dysfunction).

SM is included in the WHO classification in the cat-
egory “myeloproliferative neoplasms” (MPN) [15].

RESULTS

Mastocytosis is characterized by an abnormal prolifer-
ation of mast cells, which accumulate in one or several
organ systems, primarily in the skin and bone marrow.
The disease is clinically heterogeneous and varies from
a relatively benign condition with isolated cutaneous
lesions to a very aggressive systemic condition with

a grave prognosis. Mastocytosis is rare. In a Spanish
paper, the incidence has been estimated to two cases
per 100.000/year, but presumably the condition is
under-diagnosed [19].

The condition affects men and women equally.
Children are especially affected by the cutaneous form
(CM) and the disease will manifest itself in the first year
of life in over 80% of cases. For the majority of children,
the condition will improve or remit spontaneously be-
fore adulthood [20]. In contrast to this, mastocytosis
among adults is more often systemic and tends to per-

B |

Criteria for systemic mastocytosis. The diagnosis of systemic mastocytosis may be made if one major and
one minor criterion are present, or if three minor criteria are fulfilled. Source: [15].

Major criteria

Multifocal, dense infiltrates of mast cells (15 or more mast cells in aggregates) detected in sections
of bone marrow and/or other extracutaneous organ(s), and confirmed by tryptase immunohisto-
chemistry or other special stains

Minor criteria

a. In biopsy sections of bone marrow or other extracutaneous organs, more than 25% of the mast
cells in the infiltrate are spindle-shaped or have atypical morphology or, of all mast cells in bone
marrow aspirate smears, more than 25% are immature or atypical mast cells

b. Detection of KIT point mutation at codon 816 in bone marrow, blood or other extracutaneous
organ(s)

c. Mast cells in bone marrow, blood or other extracutaneous organs that co-express CD117 with
CD2 and/or CD25

d. Serum total tryptase persistently > 20 ng/ml
(unless there is an associated clonal myeloid disorder in which case this parameter is not valid)

Criteria for variants of systemic mastocytosis
Indolent systemic mastocytosis

Meets criteria for SM. No “C” findings (see below). No evidence of an AHNMD. In this variant,
the mast cell burden is low, and skin lesions are almost invariably present

Bone marrow mastocytosis (as above (ISM) with bone marrow involvement, but no skin lesions)
Smouldering systemic mastocytosis (as above (ISM), but with two or more “B” findings

but no “C” findings

Systemic mastocytosis with associated clonal haematological non-mast cell lineage disease

Meets criteria for SM and criteria for an associated, clonal haematological non-mast cell lineage
disorder, AHNMD (MDS, MPN, AML, lymphoma, or other haematological neoplasm that meets
the criteria for a distinct entity in the WHO classification)

Aggressive systemic mastocytosis

Meets criteria for SM. One or more “C” findings. No evidence of mast cell leukaemia.
Usually without skin lesions

Lymphadenopathic mastocytosis with eosinophilia

Progressive lymphadenopathy with peripheral blood eosinophilia, often with extensive bone
involvement, and hepatosplenomegaly, but without skin lesion. Cases with rearrangement of PDGFRA
are excluded

Mast cell leukaemia

Meets criteria for SM. Bone marrow biopsy shows a diffuse infiltration, usually compact,

by atypical, immature mast cells. Bone marrow aspirate smears show 20% or ore mast cells.

In typical MCL, mast cells account for 0% or more of peripheral blood white cells. Rare variant:
aleukaemic mast cell leukaemia — as above, but < 10% of white blood cells are mast cells.
Usually without skin lesions

Mast cell sarcoma

Unifocal mast cell tumour. No evidence of SM. Destructive growth pattern.
High-grade cytology

Extracutaneous mastocytoma

Unifocal mast cell tumour. No evidence of SM. No skin lesions. Non-destructive growth pattern.
Low-grade cytology

“B” findings

Bone marrow biopsy showing > 30% infiltration by mast cells (focal, dense aggregates) and/or
serum total tryptase level > 200 ng/ml

Signs of dysplasia or myeloproliferaion in non-mast cell lineage, but insufficient criteria
for definitive diagnosis of a haematopoietic neoplasm by WHO, with normal or only slightly
abnormal blood counts

Hepatomegaly without impairment of liver function, and/or palpable splenomegaly without
hypersplenism, and/or palpable or visceral lymphadenopathy

“C” findings

Bone marrow dysfunction manifested by one or more cytopenia (ANC < 1.0 x 10°%/I,

Hb < 10 g/d|, or platelets < 100 x 10%/1), but no frank non-mast cell haematopoietic malignancy
Palpable hepatomegaly with impairment of liver function, ascites and/or portal hypertension
Skeletal involvement with large-sized osteolysis and/or pathological fractures

Palpable splenomegaly with hypersplenism

Malabsorption with weight loss due to Gl mast cell infiltrates

See abbreviations.
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Urticaria pigmentosa

in patient with indolent
systemic mastocytosis.
Copyright: Christen Lykke-
gaard Andersen and Ole
Weis Bjerrum.

sist [21]. Among all cases of SM, it has been reported
that indolent systemic mastocytosis (ISM) and SM with
an associated (clonal) haematologic non-mast cell lin-
eage disease (SM-AHNMD) (Table 1) comprise approxi-
mately 85% of patients and are equally frequent [22].

Symptoms can be divided into skin symptoms, mast
cell-“release” symptoms and symptoms caused by non-
cutaneous organ infiltration.

Skin symptoms are predominant. Most common
is urticaria pigmentosa (Figure 2) which besides being
a characteristic feature of CM occurs in 90% of patients
with SM and up to 50% of patients with either SM-
AHNMD or aggressive SM (ASM). It is therefore im-
portant to emphasize that SM-AHNMD and ASM not
rarely present themselves without skin manifestations
[23]. Pruritus is the most common complaint provoked
by e.g. changes in temperature, hot baths, physical
activity, certain foods, alcohol or drugs.

Mast cell-"release” symptoms occur in both CM
and SM. The mast mediators will typically induce vaso-
dilation, hypotension, flushing, itching, syncope, ab-
dominal discomfort, vomiting and diarrhoea. Symptom
intensity varies from mild allergic reactions to severe
life-threatening anaphylaxis [24]. Less frequently mast
cell-“release” results in more chronic symptoms, e.g.
persistent gastrointestinal complaints. “Release” symp-
toms can be triggered by a range of specific factors such

as various drugs (narcotics, opioids, non-steroidal anti-
inflammatory drugs, iodic contrast media, vancomycin,
other antibiotics and muscle-relaxants used for anaes-
thesia) mediated via immunoglobulin E, but also more
unspecific factors such as hot baths, physical activity,
surgical procedures, infection and emotional stress.

Symptoms caused by non-cutaneous manifestations
will most often originate from bone marrow, gastroin-
testinal tract, lymph nodes, liver, spleen, bones and the
urogenital system [25]. Accordingly, the following can be
encountered: anaemia, thrombocytopenia, malabsorp-
tion, hepato- and splenomegaly and bone disease in the
form of lytic lesions and pathological fractures. These
symptoms, which are all results of organ infiltration with
secondary organ dysfunction, are termed C-findings.

Skin manifestations will primarily result in referral
to dermatological departments. A thorough medical
history including potential symptom triggers and a skin
biopsy will demonstrate CM. Subsequently, the task will
be to classify the disease through relevant workup
(Table 1).

Pathological diagnostics

A histological examination of a crista biopsy will secure
the diagnosis in the majority of SM cases. The examin-
ation includes immunohistochemical staining for tryp-
tase, CD117, CD25 and CD2 as discrete mast cell infiltra-
tion can otherwise be overlooked [15, 26]. (Figure 1).

A similar practice is relevant for biopsies obtained from
other organ systems. Both normal and neoplastic mast
cells stain positive for tryptase and CD117 and therefore
afford an opportunity to estimate both mast cell count
and pattern of infiltration. Normal mast cells do not ex-
press CD25 or CD2 and therefore provide ability to dis-
cern between neoplastic and normal mast cells. Mast
cell infiltration in the setting of ISM is frequently multi-
focal and compact, but not rarely exhibits a more dis-
crete and interstitial pattern. ASM and MCL more com-
monly display a relatively compact and widespread
infiltration [26]. The histological examination is supple-
mented by flow cytometry on marrow aspirate, which
can establish the neoplastic phenotype with higher sen-
sitivity and specificity [18, 27]. When examining bone
marrow material, it is important that attention is also
paid to the presence of possible non-mast cell clonal
haematological disease.

Molecular biology

With the use of sensitive methods of analysis, it is pos-
sible to demonstrate a somatic A2447T-mutation in the
coding sequence of the KIT-gene in 95% of adult cases of
SM [7, 18]. Less sensitive methods, e.g. Sanger sequenc-
ing, may result in false-negative results in more than
90% of cases [18].
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The mutation results in a substitution of aspartate
(D) with valine (V) at position 816 in the kinase domain,
which causes SCF-independent autoactivation of CD117.
Studies of mast cell lines and murine models have
shown that this mutation alone is sufficient to cause
SM [28].

In the minority of adult patients where the KIT
D816V-mutation cannot be demonstrated, other sensi-
tive methods can frequently demonstrate other auto-
activating mutations of KIT [7].

Patients with isolated mast cell disease generally
have normal karyotypes with the KIT-mutation as the
sole characteristic genetic alteration. SM-AHNMD can be
associated with other genetic alterations depending on
the associated condition, e.g. the acute myeloid leuk-
aemia RUNX1-RUNX1T-fusion gene, JAK2 V617F-positive
myeloproliferative neoplasms (MPN), and the TET2-
mutation in MPN or MPN/myelodysplastic syndromes
[15, 29]. Despite the presence of mast cell proliferation
and an increase in serum tryptase, patients with eosino-
philia and the FIP1L1-PDGFRA-fusion gene do not typ-
ically meet WHO criteria for SM and should be classified
as a myeloid neoplasm with eosinophilia and PDGFRA-
rearrangement [15, 29, 30].

Demonstration of the KIT-mutation in other haema-
topoietic cell lines besides the mast cell is associated
with more aggressive types of SM, and ISM patients with
this phenotype are at increased risk of progression to
more aggressive types of the condition [31].

Additional relevant organ-specific workup such as
diagnostic radiology, DEXA-scan etc. should follow local
guidelines.

Management
At present, there is no cure for systemic mastocytosis,
and aggressive up-front treatment of ISM cannot be
recommended as the life expectancy of patients on con-
servative treatment regimens equals that of the general
population [22, 31]. The purpose of treatment is there-
fore to relieve symptoms and increase quality of life.
Knowledge of patient-specific factors that lead to
degranulation may ensure that the patient avoids these
factors and may hence prevent disturbing symptoms.
In order to avoid anaphylaxis in conjunction with anaes-
thesia, contrast X-ray or other procedures that can re-
sult in potentially massive degranulation of mast cells,
it is recommended to perform prophylaxis in the form
of H1l-antagonists, H2-antagonists and leukotriene-an-
tagonists one hour prior to procedure. Furthermore, in
severe cases, administration of glucocorticoid 24 hours
prior to — and repeated two hours before the procedure
—can be used [32].
Allergic manifestations are managed with antihista-
mines, glucocorticoids and adrenaline according to trad-

itional guidelines. It has been recommended that all pa-
tients be provided with an adrenaline autoinjector [33].
In particular, immunotherapy should be carried out in
patients with IgE-mediated anaphylaxis after insect
stings [34].

Cutaneous elements are managed with antihista-
mines for pruritus. In more severe cases, resort may be
made to PUVA-therapy and topical steroids under occlu-
sion. For more on this subject, we refer to the dermato-
logical literature. Patients with ISM and stable SSM are
treated symptomatically with mediator-regulating drugs,
whereas a cytoreductive approach generally is not rec-
ommended for these more benign forms. Patients with
bone affection are treated with calcium supplements
and vitamin D. If osteoporosis is diagnosed, defined as
a T-score below two, bisphosphonates are added [35]
(Table 2).

In ASM patients where the goal is to reduce mast
cell numbers, the effects of interferon alpha (IFN-a) or
Cladribine (2CdA) are best documented [35, 36]. The
D816V-mutation is resistant to imitinib mesylate. Other
tyrosine kinase inhibitors are being evaluated, but so far
with disappointing results, while midostaurin has shown
some effect [37]. Patients with slowly progressive ASM
can be monitored for months to years on IFN-a or 2CdA
[35]. MCL is very serious condition that is treated with
multiagent chemotherapy. If possible, allogeneic stem
cell transplantation is recommended.

Patients with SM-AHNMD are treated for their SM
and also receive specific treatment of the non-mast cell
component according to established regimes for the
haematological diagnose [35, 38, 39].

CONCLUSION
Patients with mastocytosis represent a heterogeneous
group in terms of clinical presentation, management and
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Management of “B” symptoms.

Additional
Symptom Treatment options treatment options In special cases
Pruritus H1 antihistamine H2 antihistamine Leukotriene antagonists
“Flushing” H1 antihistamine = =
Anaphylaxis H1 and H2 antihistamines  Glucocorticoids =

Adrenaline autoinjector
Sodium
Cromoglygate

Diarrhoea, nausea, H2 antihistamine
vomiting, abdominal

discomfort

Malabsorption Sodium Cromoglygate Glucocorticoids

Osteoporosis Calcium supplements and  Bisphosphonates IFN-a
vitamin D
Bone pain Analgesics (non-NSAID) NSAID under Localized radiation at

observation

INF-a = interferon alpha; NSAID = non-steroidal anti-inflammatory drug.

Leukotriene antagonists
and/or glucocorticoids

specific sites for pain relief
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Systemic mastocytosis is classified as a myeloproliferative neoplasm characterised by mast cells
accumulating in one or more organ systems.
The condition is rare, but probably underdiagnosed.
Degranulation of a mast cell can be graduated and is not to be regarded as an “on-off”-mechanism.

|-

Symptoms can be divided into skin symptoms, mast cel
by non-cutaneous organ infiltration.

release” symptoms and symptoms caused

Patients with mastocytosis represent a heterogeneous group in terms of clinical presentation and,
at present, there is no cure for systemic mastocytosis.

It should be advised that patients under suspicion of systemic mastocytosis are conferred with or
referred to a haematological department and a dermatological/allergological department.

prognosis. Furthermore, a range of medical specialties
serve as the primary entrance to health services, which
can be a challenge in respect to a uniform management.
In order to improve diagnostics and management of SM,
the European Competence Network on Mastocytosis
has been established. The network encompasses haema-
tologists, dermatologists, endocrinologists, allergolo-
gists, gastroenterologists, pathologists, clinical genetics
and clinical immunologists. For the individual patient,
an interdisciplinary approach is appropriate [19, 40].

It should be advised that patients under suspicion of

SM are conferred with or referred to a haematological
department and a dermatological/allergological de-
partment.
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