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KEY POINTS

� Mast cell disorders constitute a group of heterogeneous diseases that should be
managed in specialized reference centers, in order to increase patient access to high-
quality diagnostic tests and treatment.

� To establish the correct diagnosis and prognosis of the disease, highly specialized labo-
ratory diagnostic tests should be applied in the diagnostic workup in suspected systemic
mastocytosis.

� Multiparameter flow cytometry stands as the most sensitive technique to determine the
grade of involvement of the bone marrow, together with the exact diagnosis, subtype,
and prognosis of mastocytosis.

� Sensitive approaches for detecting KIT mutation in highly purified bone marrowmast cells
are mandatory to avoid false negative results, moreover when a pathologic low bone
marrow mast cell burden is suspected.
INTRODUCTION

The World Health Organization (WHO) recently updated the classification of mastocy-
tosis1–3 in the following categories:

I. Cutaneous mastocytosis (CM) when it is limited to the skin;
II. Systemic mastocytosis (SM) when abnormal mast cells (MCs) are located in ex-

tracutaneous organs, including the bone marrow (BM); it is divided into indolent
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SM (ISM), smoldering SM, SM with an associated hematologic (non-MC lineage)
neoplasm (SM-AHN), aggressive SM (ASM), and mast cell leukemia (MCL);

III. MC sarcoma. Furthermore, 2 other subvariants of mastocytosis have been
recognized:

1. Well-differentiated forms with cutaneous and systemic (WDSM) involvement4;
these forms show unique features that require specific diagnostic criteria;

2. ISM in the absence of skin lesions (ISMs�).5–7

According to theWHO criteria,2,3 the diagnosis of SM is based on the coexistence of
one major criterion (presence of multifocal dense aggregates of �15 MCs in BM bi-
opsies and/or in sections of other extracutaneous organs) plus one minor criterion
or simultaneous detection of 4 minor criteria:

A. Identification of greater than 25% of atypical MCs on BM smears or infiltrates of
spindle-shaped MCs on sections of visceral organs,

B. KIT point mutation at codon 816 in the BM or another extracutaneous organ,
C. MCs in BM or blood or another extracutaneous organ exhibit CD2 and/or CD25,
D. Baseline serum tryptase levels greater than 20 ng/mL.

In clinical practice, the suspicion of an underlying MC disorder is based on the pres-
ence of the typical skin lesions of mastocytosis or in patients without skin lesions pre-
senting with systemic symptoms of MC activation (MCA) (eg, anaphylaxis).8

Despite the great relevance and efficiency of the WHO criteria in the diagnosis of
SM, frequently in nonaggressive categories of SM, MCs represent a very small propor-
tion of all nucleated BM cells (<10�3 BM MCs, as assessed by flow cytometry).9,10

Along this line, BMMC aggregates are not found in 30% to 54% of the ISMs� patients
and serum tryptase levels are frequently less than 20 ng/mL in 31% to 38% of the
ISMs� cases (anaphylaxis elicited by other triggers vs insects, respectively).11 There-
fore, it is mandatory to apply highly sensitive and specific methodological approaches
to the study of BM MCs, including detailed cytologic analysis of BM smears, flow
cytometry immunophenotyping using specific strategies for detecting MCs present
at low frequencies,12,13 detection of KIT mutations in highly purified BM MCs,14 as
well as the rational combination of the SM criteria in the routine diagnosis of
SM,10,15 in order to improve the diagnostic efficiency and quality as previously
reported.16

Of note, the sensitivity and specificity of the methodological approaches used in the
diagnosis of ISMs� contribute to explain the differences in the percentage of SM
among adults presenting with systemic symptoms of MCA in the absence of skin le-
sions described in different reports.7,17–19 In addition, different terms such as (mono)
clonal MC activation syndrome (MMAS)8,18,19 or primary MC activation syndrome20 or
clonal MC activation disorder (c-MCAD)7 emerged to name those cases who do not
meet the WHO criteria for SM, despite KIT mutated clonal MCs that usually express
CD25 are found (Fig. 1).
The mast cell activation syndrome (MCAS) includes a heterogeneous group of dis-

eases that are characterized by systemic symptoms secondary to the release of MC
mediators that may or may not have a known trigger, may or may not present specific
immunoglobulin E (IgE) antibodies in response to that trigger, and are associated with
normal or elevated baseline tryptase levels in the absence of skin lesions of mastocy-
tosis.8,21 The diagnosis and classification of MCAS are based on previous described
clinical and laboratory criteria.8 The Spanish Network of Mastocytosis (REMA) sup-
ports that the most relevant fact to classify the MCAS is the presence versus absence
of clonal MCs (based on the expression of CD251 and/or KIT mutation).21 When



Fig. 1. BM sections showed increased numbers of interstitial MCs and MC aggregates (red
arrow) in patient 1 (ISMs�), but scattered MCs in the absence of aggregates in patient 2
(c-MCAS/MMAS); (upper panels) tryptase stain, �400. BM aspirate analysis by flow cytometry
showed 0.09%/0.002% of BMMCs (red dots) in patients 1 and 2, respectively. Expression of
CD25 was detected in all BMMCs in patient 1, whereas only 53% in patient 2.
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MCAS diagnostic criteria are fulfilled but there is no evidence of clonality, nonclonal
MCAS should be considered. Along this line, the European Competence Network
on Mastocytosis recommends using the REMA score7 to predict the presence of
clonal MCs in the BM of patients diagnosed of MCAS, in order to select those cases
that should undergo a complete BM study.
The clonal nature of MCs in mastocytosis or clonal MC disorders can be established

through demonstration of KIT mutations in lesional skin and/or BM cells,14,22–25 result-
ing the KIT D816V as the most frequently mutation found in SM.
BM is the most appropriate site for screening systemic involvement in mastocytosis

because it is the most frequently documented site of extracutaneous involvement,
resulting in the expansion and accumulation of aberrant MCs in distinct tissues.2,26

Because diagnosis of mastocytosis may be a challenge because of the wide variety
of clinical presentation, abnormal morphology of MC, and variation in histologic fea-
tures, a thorough histologic, immunohistochemical, and morphologic BM examination
remains an important feature in the diagnostic workup in suspected SM.27

Bone Marrow Histopathologic Features of Mast Cell Disorders

The presence of multifocal, dense aggregates of �15 MCs in tissue sections from bi-
opsy specimens from BM and/or other extracutaneous organs is highly specific of
mastocytosis. In addition, mastocytosis may also present with a predominantly diffuse
or a mixed (diffuse and focal) infiltration pattern.28,29 Depending on the number and
distribution of MCs in the BM, different histologic patterns can be observed.28 Accord-
ingly, whereas ASM and MCL cases systematically show a dense, diffuse MC infiltra-
tion, ISM may have different patterns of BM involvement ranging from an increase of
interstitial MCs without evidence of compact MC aggregates, to focal, dense MC ag-
gregates with or without a diffuse component.30
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Bone Marrow Immunohistochemistry

Immunohistochemical staining of BM biopsy sections with tryptase is recommended
for MC-detection and evaluation of BM MC infiltration,28 resulting more informative
than using only conventional stains (eg, hematoxylin and eosin or Giemsa).31

c-Kit staining is routinely used to identify both normal and abnormal MCs, whereas
CD25 is a reliable and specific marker for SMMCs.30 Despite this, its utility is limited in
cases lacking MC aggregates (resulting difficult to differentiate between abnormal
MCs and CD25-positive T lymphocytes), and in CD25-negative WDSM. In addition,
expression of CD30 has been reported to be a potentially useful prognostic marker
because it is strongly expressed by MCs from poor-prognosis categories of mastocy-
tosis, ASM and MCL.32,33

Morphologic Expression of Mast Cell Disorders

MCs can be easily identified in toluidine blue–stained BM smears as red-purple ele-
ments over a blue background (Fig. 2). On the other hand, May-Grünwald-Giemsa
stain allows a better cytomorphologic characterization of MCs (mainly outside the
BM particles), as well as the identification of other morphologic features suspicious
of a coexisting hematological malignancy. Wright and Giemsa stains of BMMCs of pa-
tients with clonal MCD show morphologic features such as the following:

I. Metachromatic granulated blast and immature atypical MCs with bilobed or multi-
lobed nuclei: promastocyte or atypical MC type II,

II. More mature cells, which show an atypical morphology with prominent surface
projections, frequently spindle-shaped, with a hypogranulated cytoplasm and/or
an oval eccentric nucleus, atypical MC type I, and

III. Typical mature (tissue) MC features, consisting of round or oval-shaped cells with
a round central nucleus and a well-granulated cytoplasm.34

Along this line, ASM and MCL typically show immature cytologic features such as a
wide-sized heterogeneity, multilobed nuclei (promastocytes), or a poorly differentiated
morphology (metachromatic blasts)10,34; round or polygonal BM MCs may coexist
with fusiform shapes in some SM cases,10 and WDSM BM MCs typically exhibit
mature, increased size, round shaped with round nucleus, and fully granulated cyto-
plasm with relatively frequent degranulation phenomena, vacuoles.35

Origin, Identification, and Enumeration of Bone Marrow Mast Cells by Flow
Cytometry

MCs derive from BM hematopoietic progenitors and circulate through the vascular
system as immature progenitors, before they migrate into peripheral tissues, where
they complete the final stages of their maturation under the influence of a tissue-
specific local microenvironment.36

As stated previously, MCs represent an infrequent cell population in normal
BM-aspirated samples (0.008% � 0.0082% of all nucleated cells in adult human
BM).13,37 Although reactive BM samples and BM samples from patients with non-
MC–related hematologic disorders may show slightly increased mean BM MC
numbers (0.027% � 0.17%), in most instances, these cells represent less than
0.1% the whole BM cellularity.38 Interestingly, despite the increased frequency of
BM MCs found in reactive samples versus normal BM, few immunophenotypic differ-
ences have been described between normal and reactive MCs.13,37,39

MCs strongly express CD117, CD203c, and the high-affinity receptor for IgE,
FcεRI38,40 (Fig. 3); nevertheless, none of them is a specific marker for MC.41–43 In early



Fig. 2. Images of (A-E) BM smears and (F-J) BM sections from several SM patients. (A) High-
power view showing fusiform MC together with round and oval MCs from a case of ISM. (B)
Low-power view showing a marked increase of atypical MCs from a case of ASM. (C) High-
power view showing 2 spindle-shaped MC. (D) High-power view showing round, fully
granulated MCs from a case of WDSM. (E) High-power view showing morphologically
poor-differentiated MC, some of which display 2 nuclei (promastocytes) from a case of
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studies, the identification of MCs was based on their strong reactivity for CD117 in the
absence of expression for CD38, CD34, and CD138, to discriminate MCs from CD34
HPC and CD1171 plasma cells; in turn, the coexpression of FcεRI and CD33 together
with strong positivity for CD117 allows the discrimination between MCs and baso-
phils.12 More recently, it has been suggested that using a CD117high/CD45low com-
bination could accurately identify BM MC12,13 (see Fig. 3).
Immunophenotypic Characteristics of Bone Marrow Mast Cells in Systemic
Mastocytosis

Early studies on the immunophenotypic features of BM MCs in SM reported several
aberrant phenotypes with a clear discrimination from normal and pathologic
MCs.44–47 These early studies reported aberrant expression for CD2 and CD25 as a
hallmark for SM, because both of these proteins were absent in normal/reactive BM
MC, but expressed in most SM patients.9,48 From these 2 markers, CD25 has been
described to be the most sensitive, specific, and stable, whereas positivity for CD2
may vary depending on the sensitivity of the fluorochrome-conjugated monoclonal
antibody used in the study.12 Also, in a recent publication,49 it was shown that CD2
expression does not contribute to improve the diagnosis of SM when compared
with aberrant CD25 expression alone.
Apart from the aberrant expression of CD2 and CD25, BM MCs from SM patients

also display abnormally high expression of CD3344 and of the CD2 ligand CD58.45

Increased expression for activation markers such as CD6950 or CD6351 and
complement-associated molecules, such as CD11c, CD35,52 CD59, and/or
CD88,52,53 are also commonly found in BM MCs from SM. In contrast, expression
of CD117,45 the CD71 transferrin receptor, and CD29 integrin is abnormally downre-
gulated on BM MCs from these patients48 (Table 1).
Aberrant expression of other molecules, such as CD30 (TNFR superfamily 8), seems

not to be associated with the D816V KIT mutation itself. This receptor has been
described recently to be widely expressed on BM MCs from SM patients and allows
for the identification of a minor group of patients who typically lack expression of
CD25/CD2 and activating exon 17 KIT mutations, WDSM patients, ultimately
improving the overall diagnosis of the disease.4,54
Coexistence of Normal and Pathologic Bone Marrow Mast Cells

Although the BMMC burden in ISM patients can be extremely low, the coexistence of
normal and pathologic MCs in the same patient is frequent in specific disease cate-
gories (33% of ISMs� and 18% of ISM patients).7 Furthermore, the coexistence of
normal and aberrant BM MC populations is usually restricted to SM patients with
KIT mutation limited to the BM MC compartment,55 and it should be considered a
good prognosis factor because of its association with indolent forms of the disease.
=
ASM. (F) Low-power view showing a perivascular infiltrate of MCs from a case of ISM. (G)
Low-power view showing a large lymphoid aggregate admixed with MCs from a case of
ISM. (H) Low-power view showing CD25-positive MCs from a case of ISM. (I) High-power
view showing round, fully granulated, tryptase-positive MCs from a case of WDSM. (J)
Low-power view showing a dense, diffuse MC infiltration from a case of ASM. (From
Alvarez-Twose I, Morgado JM, Sánchez-Muñoz L, et al. Current state of biology and diag-
nosis of clonal mast cell diseases in adults. Int J Lab Hematol 2012;34(5):452; with
permission.)



Fig. 3. The gating strategy proposed by REMA for the immunophenotypic identification and
characterization of BM MCs by use of MFC. Whole BM cellularity (A) live gated to enrich on
CD1171-nucleated cells corresponding to 3 � 106 total events (B) from an individual with a
BM MC load of 0.009% is shown. (C–F) The gating strategy used for the identification of the
BM MC population (red events) within the CD1171 cells gated in (B) and its phenotypic
discrimination from CD341 HPC (blue dots), plasma cells (green dots), and basophils (violet
dots) coexisting in the same BM sample. (Adapted from Teodosio C, Mayado A, Sánchez-Mu-
ñoz L, et al. The immunophenotype of mast cells and its utility in the diagnostic work-up of
systemic mastocytosis. J Leukoc Biol 2015;97(1):51; with permission.)
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Mast Cell Immunophenotypical Expression of Different Types of Systemic
Mastocytosis

Considering that SM is a group of heterogeneous diseases regarding both their clinical
behavior and their prognosis,7,19,27,56–59 the differences in the immunophenotypic pro-
files of the distinct subtypes of SMwere studied individually13,55; in such an analysis, 3
different patterns were identified13 (Fig. 4).
Overall, the most frequently detected immunophenotypic pattern of BM MCs

corresponds to a good-prognosis group of SM patients (ISM). These patients typi-
cally show a mature immunophenotype associated with aberrant expression of
CD2 and CD25 and increased expression of MC activation-associated molecules.13

In line with this activation-related pattern, upregulation of molecules associated
with MC degranulation (eg, the lysosomal glycoprotein CD63 and CD203c) is also
observed in this subgroup of SM patients. Overall, these findings indicate
that MCs from patients with ISM display an activated mature phenotype in the
BM, associated with aberrant CD25 and CD2 expression (see Fig. 4).13 This
activation-associated MC phenotype might result from the presence of the
D816V KIT mutation, because this KIT mutation is shared by most (>95%) of these
patients.14

In contrast to ISM, most BM MCs from WDSM patients typically do not carry the
D816V KIT mutation in the absence of CD2 and CD25 expression, although approx-
imately -third of cases are partially positive for CD25 or show dim expression of
CD2 on its BM MC.13,49 BM MCs from WDSM patients display an overall phenotype
similar to that observed for mature-resting, normal BM MCs (strong expression for
CD117 and FcεRI).38 Aberrant MC phenotypes from WDSM in most patients are



Table 1
Qualitative and semiquantitative patterns of expression of individual markers on normal, reactive, and systemic mastocytosis bone marrow mast cells

Functional Group of
Proteins Surface Antigen CD Code

Normal BM (% of Positive
Cases)

Reactive BM (% of Positive
Cases)

Overall SM (% of Positive
Cases)

Cytokine receptor IL-2Ra CD25 � � �/1 (93)
IL-3Ra CD123 � NR �/1 (72)
c-Kit CD117 111 (100) 111 (100) 11/111 (100)

Adhesion-related
molecules

LFA-2 CD2 � � �/1 (72)
Integrin alpha-L CD11a �/1 (20) NR �
Integrin alpha-M CD11 b �/1 (50) �/1 (50) �/1 (50)
Integrin alpha-X CD11c �/1 (71) NR 1/11 (100)
Integrin beta-2 CD18 1 (65) NR �/1 (44)
Siglec-2 CD22 �/1 (60) �/1 (50) �/1 (96)
Integrin beta-1 CD29 11 (100) 11 (100) 1 (100)
Siglec-3 CD33 11/111 (100) 11/111 (100) 111 (100)
HPCA-1 CD34 � � �
Pgp-1 CD44 11 (100) 11 (100) 11 (100)
Integrin alpha-4 CD49 d 1/11 (100) NR �/1 (80)
Integrin alpha-5 CD49e 1 (100) NR �/1 (30)
Integrin alpha-V CD51 1 (100) 1 �/1 (45)
ICAM-1 CD54 �/1 (75) NR 11 (100)

Complement-related
molecules

CR1 CD35 � 1 1 (100)
Complement decay-

accelerating factor
CD55 1 (100) 1 (100) 1/11 (100)

Membrane attack complex
inhibition factor

CD59 1 (100) 1 (100) 1/11 (100)

C5aR CD88 �/1 (18) NR �/1 (54)

Immunoglobulin receptors FcεRI NA 11/111 (100) 11/111 (100) 11/111 (100)
FcgRIIIB CD16 �/1 (13) �/1 (13) �/1 (69)
FcgRII CD32 1 (100) 1 (100) 1/11 (100)
FcgRI CD64 �/1 (4) �/1 (4) �/1 (84)
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MHC-related molecules HLA-I NA 11 (100) 11 (100) 1/111 (100)

HLA-DR NA �/1 (25) �/1 (25) �/1 (85)

Tetraspanins CD9 antigen CD9 111 (100) 111 (100) 11/111 (100)
LAMP3 CD63 11 (100) 11/111a (100) 11/111 (100)

TNF receptor family
proteins

CD30 L receptor CD30 � NR �/1 (80)
CD40 L receptor CD40 �/1 (65) �/1 (65) �/1 (65)

Mast cell proteases Tryptase NA 11 (100) 11 (100) 1/111 (100)
Carboxypeptidase A NA 11 (100) 11 (100) 1/111 (100)

Activation markers Early activation antigen
CD69

CD69 1 (100) 1 (100) 1/11 (100)

E-NPP 3 CD203c 1 (100) NR 1/11 (100)

Other LCA CD45 1 (100) 1 (100) 1/11 (100)
Transferrin receptor

protein 1
CD71 1 (100) NR �/1 (38)

Bcl-2 NA �/1 (94) �/1 (94) �/1 (87)

Abbreviations: NA, not applicable; NR, not reported;�/1, expressed in a subset of patients (percentage of positive cases);�, absent expression;1dim, dim positive
expression; 1, moderate positive expression; 11, positive expression; 111, strong positive expression. Mixed symbols indicate variable reactivity, either among
cases or among cells from the same individual.

a Expression of CD63 is increased in BM MCs from myelodysplastic syndromes.
Data from Refs.13,44–46,48,50–53,59,86
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Fig. 4. (A, B) Representative bivariate dot plots and (C) histograms, illustrating the (A) light-
scatter features and (C) immunophenotypical profiles of BMMCs from healthy donors (high-
lighted in black in A1, B1, and C1), ISM (highlighted in blue in A2, B2, and C2), WDSM
(highlighted in green in A3, B3, and C3), and ASM (highlighted in red in A4, B4, and C4),
identified on the basis of their reactivity for (B) CD45 and CD117. Baseline MC autofluores-
cence for each protein is indicated in the histograms in gray in C1–C4. cyCPA, cytoplasmic
carboxypeptidase A. (From Teodosio C, Mayado A, Sánchez-Muñoz L, et al. The immunophe-
notype of mast cells and its utility in the diagnostic work-up of systemic mastocytosis. J Leu-
koc Biol 2015;97(1):55; with permission.)
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restricted to expression of CD30 in the absence of CD25 high54 and increased
cytoplasmic contents in MC enzymes (eg, tryptase and CPA), which probably
contribute to the typical hypergranulated, morphologic appearance of BM MCs in
WDSM cases,4,15 and their abnormally increased size and internal complexity13

(see Fig. 4).
Oppositely, the poor-prognosis subvariants of the disease (ASM and MCL) typically

display bright expression of CD25, frequently in the absence of CD2.13,49 This aberrant
phenotype is commonly associated with increased expression of the CD123 and HLA-
DR antigens, which are typically expressed by immature BM MC,38,60,61 together with
abnormally low levels of cytoplasmic tryptase and CPA and decreased light-scatter
(SSC and FSC) features (see Fig. 4).13 Overall, BM MCs from poor-prognosis variants
of SM (ASM and MCL) display a relatively immature phenotype, potentially associated
with an early blockade of MC maturation.

KIT Mutation Analysis in Mastocytosis

Most adults with mastocytosis carry the activating somatic KIT D816V mutation,
whereas most cases of childhood-onset and familial mastocytosis would lack these
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mutations. Nevertheless, the frequency of the D816V KIT mutation is highly variable in
the literature, which could be due to several reasons:

I. The relatively low number of cases included in some studies;
II. The patient selection with predominance of aggressive versus indolent forms of

the disease;
III. The sensitivity of the methods used to assess the presence/absence of KIT muta-

tions, particularly in cases with low MC burden;
IV. The type of samples used for the identification of KIT mutations (eg, total BM sam-

ples versus highly purified BM MC).14

Standard Molecular Assays for Detection of KIT D816V

Mutation analysis based on genomic DNA (gDNA) or the expressed messenger RNA
should be performed with caution, especially to avoid false-negative results in those
BM samples with low MC numbers when low sensitive assays for detection of the
KIT D816V mutation are used.14 Overall, in 6% of ISMs� other mutations involving
exon 17 are described,14 such as D815K,62 D816F, E839K,24 R815K,62 I817V,14

N819Y,63 N822I,64 D816Y,14,24 D816H,65 insV815_I81618, and D820G mutations.66

In addition, other mutations of KIT out of exon 17 should be ruled out (eg, F522C,
A533D, K509I, R634W, V560G, among others),67–74 as well as the pattern of inactiva-
tion of chromosome X by using HUMARA in BM MC,4 moreover in familial and WD
mastocytosis.
Multiple molecular methods can be used to specifically detect the D816V KIT mu-

tation in patients suspected of mastocytosis:

I. Reverse transcriptase (RT)-polymerase chain reaction (PCR) assays plus restric-
tion fragment length polymorphism,

II. Nested RT-PCR followed by denaturing high-performance liquid chromatography
of PCR amplicons,

III. Peptide nucleic acid (PNA)-mediated PCR,
IV. Allele specific PCR (ASO-PCR) and the quantitative variant of the method

(ASO-qPCR) on DNA or RNA/complementary DNA (cDNA).75

Other techniques include enrichment of MCs and other cell lineage from BM sam-
ples via laser microdissection, and both immunomagnetic76,77 and fluorescence-
activated cell sorting12,14,76 of MCs followed by PNA-mediated PCR-clamping
technique.55,62 These approaches showed the KIT mutation not only in BM MCs but
also in other highly purified hematopoietic lineages in SM patients; 27% of ISM and
almost all poor-prognosis SM patients carry the KIT mutation in other non-MC he-
matopoietic lineage, multilineal KIT mutation involvement,14 resulting the most power-
ful independent prognostic factor for progression of ISM to more aggressive forms of
the disease.57,78 Multilineal KIT D816V mutation in SM can be detected in gDNA from
CD341 hematopoietic stem and precursor cells, eosinophils, monocytes, and
maturing neutrophils, and, to a less extent also in T lymphocytes, in addition to BM
MC.14,79 In order to evaluate the multilineal KIT pattern in SM, the REMA recommends
performing the KIT mutation assays in at least one highly purified population (>97%) of
myeloid cells (eg, BM monocytes and/or maturing neutrophils) and a population of
lymphoid cells, apart from MC.10,57

The D816V mutation in a peripheral blood (PB) sample from a patient with SM in the
absence of detectable circulating MCs was described in 1995.22 Recently, several
groups80–84 have confirmed the feasibility of detecting the KIT mutation in PB leuko-
cytes using highly sensitive assays (eg, ASO-qPCR-assays). These approaches also
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show that the mutation burden differs significantly among patients with different cat-
egories of the disease, but can be detected in PB leukocytes in nearly all adult patients
with mastocytosis, including ISM and CM. In addition, the KIT D816V allele burden is
of prognostic significance concerning survival and can be followed quantitatively dur-
ing the natural course or during therapy and may be rapidly adopted as a valuable
follow-up parameter in untreated and drug-treated patients with advanced SM.75,81

Despite all the above, discrepant results regarding both the frequency of SM cases
carrying the KIT D816V1 in PB and the prognostic impact of the KIT D816V allele
burden have been published.81,83,85 These discrepant findings might be related to
the different approaches and sensitivity of the techniques used to assess KIT mutation
involvement in PB (analysis on gDNA vs cDNA), and also to SM cases with a very low
KIT mutated MC burden. For these reasons, BM samples are still the preferred spec-
imen to rule out the mutation of KIT, moreover when a very low BM MC burden is
suspected.80,81,83
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16. Sánchez-Muñoz L, Morgado JM, varez-Twose I, et al. Diagnosis and classifica-
tion of mastocytosis in non-specialized versus reference centres: a Spanish
Network on Mastocytosis (REMA) study on 122 patients. Br J Haematol 2016;
172(1):56–63.

17. Akin C, Scott LM, Kocabas CN, et al. Demonstration of an aberrant mast cell pop-
ulation with clonal markers in a subset of patients with "idiopathic" anaphylaxis.
Blood 2007;110:2331–3.

18. Sonneck K, Florian S, Mullauer L, et al. Diagnostic and subdiagnostic accumula-
tion of mast cells in the bone marrow of patients with anaphylaxis: monoclonal
mast cell activation syndrome. Int Arch Allergy Immunol 2006;142(2):158–64.

19. Bonadonna P, Perbellini O, Passalacqua G, et al. Clonal mast cell disorders in pa-
tients with systemic reactions to Hymenoptera stings and increased serum tryp-
tase levels. J Allergy Clin Immunol 2009;123(3):680–6.

20. Valent P. Mast cell activation syndromes: definition and classification. Allergy
2013;68(4):417–24.

21. Gonzalez de Olano D, Matito A, Orfao A, et al. Advances in the understanding
and clinical management of mastocytosis and clonal mast cell activation syn-
dromes. F1000Res 2016;5:2666.

22. Nagata H, Worobec AS, Oh CK, et al. Identification of a point mutation in the cat-
alytic domain of the protooncogene c-kit in peripheral blood mononuclear cells of
patients who have mastocytosis with an associated hematologic disorder. Proc
Natl Acad Sci U S A 1995;92(23):10560–4.

23. Longley BJ, Tyrrell L, Lu SZ, et al. Somatic c-KIT activating mutation in urticaria
pigmentosa and aggressive mastocytosis: establishment of clonality in a human
mast cell neoplasm. Nat Genet 1996;12(3):312–4.

24. Longley BJ Jr, Metcalfe DD, Tharp M, et al. Activating and dominant inactivating
c-KIT catalytic domain mutations in distinct clinical forms of human mastocytosis.
Proc Natl Acad Sci USA 1999;96(4):1609–14.

25. Yavuz AS, Lipsky PE, Yavuz S, et al. Evidence for the involvement of a hematopoi-
etic progenitor cell in systemic mastocytosis from single-cell analysis of mutations
in the c-kit gene. Blood 2002;100(2):661–5.

26. Orfao A, Garcia-Montero AC, Sanchez L, et al. Recent advances in the under-
standing of mastocytosis: the role of KIT mutations. Br J Haematol 2007;138(1):
12–30.

27. Valent P, Akin C, Escribano L, et al. Standards and standardization in mastocyto-
sis: consensus statements on diagnostics, treatment recommendations and
response criteria. Eur J Clin Invest 2007;37(6):435–53.

http://refhub.elsevier.com/S0889-8561(18)30040-7/sref12
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref12
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref12
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref13
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref13
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref13
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref14
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref14
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref14
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref14
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref15
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref15
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref15
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref16
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref16
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref16
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref16
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref17
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref17
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref17
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref18
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref18
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref18
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref19
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref19
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref19
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref20
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref20
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref21
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref21
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref21
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref22
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref22
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref22
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref22
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref23
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref23
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref23
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref24
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref24
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref24
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref25
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref25
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref25
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref26
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref26
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref26
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref27
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref27
http://refhub.elsevier.com/S0889-8561(18)30040-7/sref27


Sánchez-Muñoz et al392
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Sánchez-Muñoz et al394
63. Jara-Acevedo M, Garcia-Montero A, Teodosio C, et al. Well-differentiated sys-
temic mastocytosis (WDSM): a novel form of mastocytosis. Haematologica
2008;93(supplement 1):91.

64. Wasag B, Niedoszytko M, Piskorz A, et al. Novel, activating KIT-N822I mutation in
familial cutaneous mastocytosis. Exp Hematol 2011;39(8):859–65.

65. Pullarkat VA, Bueso-Ramos C, Lai R, et al. Systemic mastocytosis with associated
clonal Hematological non-mast-cell lineage disease: analysis of clinicopathologic
features and activating c-kit mutations. Am J Hematol 2003;73(1):12–7.

66. Pignon JM, Giraudier S, Duquesnoy P, et al. A new c-kit mutation in a case of
aggressive mast cell disease. Br J Haematol 1997;96(2):374–6.

67. Akin C, Fumo G, Yavuz AS, et al. A novel form of mastocytosis associated with a
transmembrane c-kit mutation and response to imatinib. Blood 2004;103(8):
3222–5.

68. Astle JM, Rose MG, Racke FK, et al. R634W KIT mutation in an adult with sys-
temic mastocytosis. Lab Med 2017;48(3):253–7.

69. Conde-Fernandes I, Sampaio R, Moreno F, et al. Systemic mastocytosis with KIT
V560G mutation presenting as recurrent episodes of vascular collapse: response
to disodium cromoglycate and disease outcome. Allergy Asthma Clin Immunol
2017;13:21.

70. Pollard WL, Beachkofsky TM, Kobayashi TT. Novel R634W c-kit mutation identi-
fied in familial mastocytosis. Pediatr Dermatol 2015;32(2):267–70.

71. Tang X, Boxer M, Drummond A, et al. A germline mutation in KIT in familial diffuse
cutaneous mastocytosis. J Med Genet 2004;41(6):e88.

72. Wang HJ, Lin ZM, Zhang J, et al. A new germline mutation in KIT associated with
diffuse cutaneous mastocytosis in a Chinese family. Clin Exp Dermatol 2014;
39(2):146–9.

73. Wohrl S, Moritz KB, Bracher A, et al. A c-kit mutation in exon 18 in familial mas-
tocytosis. J Invest Dermatol 2013;133(3):839–41.

74. Zhang LY, Smith ML, Schultheis B, et al. A novel K5091 mutation of KIT identified
in familial mastocytosis - in vitro and in vivo responsiveness to imatinib therapy.
Leuk Res 2006;30(4):373–8.

75. Arock M, Sotlar K, Akin C, et al. KIT mutation analysis in mast cell neoplasms: rec-
ommendations of the European Competence Network on Mastocytosis. Leuke-
mia 2015;29(6):1223–32.

76. Kocabas CN, Yavuz AS, Lipsky PE, et al. Analysis of the lineage relationship be-
tween mast cells and basophils using the c-kit D816V mutation as a biologic
signature. J Allergy Clin Immunol 2005;115(6):1155–61.

77. Molderings GJ, Meis K, Kolck UW, et al. Comparative analysis of mutation of tyro-
sine kinase kit in mast cells from patients with systemic mast cell activation syn-
drome and healthy subjects. Immunogenetics 2010;62(11–12):721–7.

78. Matito A, Morgado JM, varez-Twose I, et al. Serum tryptase monitoring in indolent
systemic mastocytosis: association with disease features and patient outcome.
PLoS One 2013;8(10):e76116.

79. Akin C, Kirshenbaum AS, Semere T, et al. Analysis of the surface expression of
c-kit and occurrence of the c-kit Asp816Val activating mutation in T cells, B cells,
and myelomonocytic cells in patients with mastocytosis. Exp Hematol 2000;28(2):
140–7.

80. Jara-Acevedo M, Teodosio C, Sánchez-Muñoz L, et al. Detection of the KIT
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