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Recent studies have found the KIT D816V mutation in peripheral blood of virtually all adult systemic mastocytosis
patients once highly sensitive PCR techniques were used; thus, detection of the KIT D816V mutation in peripheral
blood has been proposed to be included in the diagnostic work-up of systemic mastocytosis algorithms.
However, the precise frequency of the mutation, the biological significance of peripheral blood-mutated cells and
their potential association with involvement of bone marrow hematopoietic cells other than mast cells still remain
to be investigated. Here, we determined the frequency of peripheral blood involvement by the KIT D816V
mutation, as assessed by two highly sensitive PCR methods, and investigated its relationship with multilineage
involvement of bone marrow hematopoiesis. Overall, our results confirmed the presence of the KIT D816V
mutation in peripheral blood of most systemic mastocytosis cases (161/190; 85%)—with an increasing frequency
from indolent systemic mastocytosis without skin lesions (29/44; 66%) to indolent systemic mastocytosis with
skin involvement (124/135; 92%), and more aggressive disease subtypes (11/11; 100%)—as assessed by the
allele-specific oligonucleotide-qPCR method, which was more sensitive (Po .0001) than the peptide nucleic
acid-mediated PCR approach (84/190; 44%). Although the presence of the KIT mutation in peripheral blood, as
assessed by the allele-specific oligonucleotide-qPCR technique, did not accurately predict for multilineage bone
marrow involvement of hematopoiesis, the allele-specific oligonucleotide-qPCR allele burden and the peptide
nucleic acid-mediated-PCR approach did. These results suggest that both methods provide clinically useful and
complementary information through the identification and/or quantification of the KIT D816V mutation in
peripheral blood of patients suspected of systemic mastocytosis.
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Systemic mastocytosis is a group of heterogeneous
disorders characterized by an abnormal accumula-
tion of clonal mast cells in different tissues, such as
the bone marrow, skin, spleen and/or the gastro-
intestinal tract.1 Owing to the heterogeneity of the
disease, the current WHO 2008 classification of

mastocytosis2 defines seven different diagnostic
categories of the disease, which vary from clinically
indolent to aggressive forms of systemic masto-
cytosis. From all WHO subtypes of mastocytosis,
indolent systemic mastocytosis is by far the most
prevalent one in adults.3 At diagnosis, the great
majority of adult indolent systemic mastocytosis
cases present with both skin and bone marrow
involvement, although a significant number of indo-
lent systemic mastocytosis cases also show symp-
toms associated with the release of mast cells
mediators in the absence of skin lesions at
diagnosis.4,5 Interestingly, virtually all (490%)6
indolent systemic mastocytosis and aggressive sys-
temic mastocytosis patients carry the KIT D816V
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somatic mutation in pathological mast cells from the
skin and bone marrow, the latter contributing (as a
minor criteria) to the diagnosis of systemic disease.
As the level of infiltration of bone marrow by tumor
mast cells is frequently low7 (eg o0.1% of bone
marrow-aspirated samples), highly sensitive mole-
cular approaches have long been required for reliable
detection of the KIT D816V mutation, even after
purification of bone marrow mast cells.8,9 Despite
this, it is now well established that, in at least one-
third of indolent systemic mastocytosis and all
aggressive systemic mastocytosis patients, bone
marrow myeloid and/or lymphoid cells other than
mast cells also carry the KIT D816V mutation
(multilineage systemic mastocytosis);6 such patients
have a greater risk for disease progression.10 Among
multilineage systemic mastocytosis patients, the
presence of the KIT D816V mutation is typically
detected in genomic DNA (gDNA) of CD34+ hema-
topoietic stem and precursor cells, eosinophils,
monocytes and maturing neutrophils, and, to a less
extent, also in T lymphocytes, in addition to bone
marrow mast cells.6,11

Altogether, these results indicate that clonal mast
cells from adult indolent systemic mastocytosis and
aggressive systemic mastocytosis patients derive
from a hematopoietic precursor with the ability
for multilineage differentiation, which already
carries the KIT D816V mutation.6,12 Thereby, the
KIT mutation should also be detectable in peripheral
blood from a significant percentage of systemic
mastocytosis cases.10 In line with this hypothesis,
new highly sensitive methods have been described,13
which allowed detection of the KIT D816V mutation
in peripheral blood leukocytes from most mastocy-
tosis cases, including 66/69 (96%) indolent systemic
mastocytosis and 3/4 cutaneous mastocytosis
investigated.9,14 Despite this, the potential relation-
ship between the presence of the KIT D816V
mutation in peripheral blood and multilineage
involvement of bone marrow hematopoiesis has not
been investigated so far. In this regard, particularly
intriguing is the potential lack of association
between the allele burden for the KIT mutation in
peripheral blood, as assessed by the allele-specific
oligonucleotide polymerase chain reaction (allele-
specific oligonucleotide-qPCR), and the clinical and
biological features of indolent systemic masto-
cytosis.9,15 Thereby, the precise biological and
clinical significance of the presence of circulating
peripheral blood KIT-mutated cells in systemic
mastocytosis still remains to be elucidated.

Here, we investigated the presence of the
KIT D816V mutation in peripheral blood from a
series of 190 KIT D816V+ systemic mastocytosis
and 2 KIT D816V+ monoclonal mast cell activa-
tion syndrome5,16 cases using a peptide nucleic
acid-mediated PCR-clamping (peptide nucleic acid-
mediated PCR) technique17 and the more recently
proposed allele-specific oligonucleotide-qPCR
approach.13 In addition, we also investigated the

presence of multilineage bone marrow involvement
by the KIT D816V mutation in highly purified bone
marrow CD34+ hematopoietic stem and precursor
cells and maturing neutrophils using both methods.
Our aim was to determine the precise frequency of
peripheral blood involvement by the KIT D816V
mutation, its relationship with the degree of involve-
ment of bone marrow hematopoiesis in indolent
systemic mastocytosis and the potential diagnostic
implications of these findings.

Materials and methods

Patients and Samples

gDNA was obtained from bone marrow and periph-
eral blood samples from a total of 192 adult patients
diagnosed with systemic mastocytosis (n=190) and
monoclonal mast cell activation syndrome (n=2)
that carry the KIT D816V mutation. These 192
KIT D816V+ cases were selected from a series of
456 consecutively diagnosed systemic mastocytosis
patients, of whom 417 (91%) had the KIT D816V
mutation, 9 (2%) had other exon 17 KIT mutations, 5
(1%) had KIT mutations in exons other than exon 17
and 25 (6%) had no detectable KIT mutations. All
patients were prospectively diagnosed and classified
between January 2008 and December 2012 at the
reference centers of the Spanish Network on Masto-
cytosis (REMA; Mast Cell Unit of the Hospital Virgen
del Valle, Toledo, Spain, and Cytometry Service of
the Cancer Research Center, Salamanca, Spain) by
the WHO 2008 criteria2 and the more recent
European Competence Network on Mastocytosis18
and REMA guidelines,3 with the following distribu-
tion: indolent systemic mastocytosis with skin
lesions, 135 cases; indolent systemic mastocytosis
without skin lesions, 44 cases; aggressive systemic
mastocytosis, 9 cases; systemic mastocytosis with an
associated hematological non-mast cells lineage
disease, 2 cases, and; monoclonal mast cell activa-
tion syndrome, 2 patients. Paired peripheral blood
and bone marrow samples from all cases were
analyzed by the peptide nucleic acid-mediated PCR
method;17 all such peripheral blood samples were
analyzed in parallel by the allele-specific oligonu-
cleotide-qPCR method. Furthermore, in a subset of
161 patients (indolent systemic mastocytosis with
skin lesions, 111; indolent systemic mastocytosis
without skin lesions, 41; aggressive systemic masto-
cytosis, 6; systemic mastocytosis with an associated
hematological non-mast cells lineage disease, 1; and
monoclonal mast cell activation syndrome, 2 cases)
in whom enough gDNA from bone marrow-purified
cell populations was available, analysis on bone
marrow cells was also performed in parallel by
allele-specific oligonucleotide-qPCR. In addition,
peripheral blood samples from a total of 35 healthy
adults were analyzed in parallel by the two PCR
methods. In all cases, informed consent was given by
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the donor before entering the study, according to the
Declaration of Helsinki; the study was approved by
the local Ethics Committees of the two centers.
Overall, 64 of 192 patients included in this study
have been included in previously reported series of
systemic mastocytosis patients by the REMA.19–22

Isolation of Bone Marrow Cell Populations

Isolation of bone marrow mast cells, CD34+ hemato-
poietic stem and precursor cells, eosinophils,
monocytes, maturing neutrophils and lymphocytes
was performed using a four-way FACSAria III
(Becton Dickinson Bioscences, San Jose, CA, USA)
fluorescence-activated cell sorter (FACS) equipped
with the FACSDiva software (Becton Dickinson
Bioscences), as described elsewhere.6,8 The overall
purity of the FACS-sorted cell populations was syste-
matically 496% (mean±1 s.d. of 98 ± 2%), with
o0.01% contamination by bone marrow mast cells
in all purified non-mast cell fractions.

DNA Extraction and Detection of the KIT Mutation

gDNA was extracted from the different FACS-
purified bone marrow cell populations using the
GenElute Mammalian Genomic DNA Miniprep
(Sigma-Aldrich, St Louis, MO, USA) and the
NucleoSpin Tissue XS (Macherey-Nagel, Düren,
Germany), according to the manufacturer’s instruc-
tions. In parallel, gDNA was also obtained from
unfractionated peripheral blood samples from both
systemic mastocytosis patients and healthy controls
by a salting-out method (Gentra Puregene Blood kit;
Qiagen, Hilden, Germany), following the standard
operating procedures of the Spanish National DNA
Bank Carlos III (University of Salamanca; http://
www.bancoadn.org), where gDNA from the peri-
pheral blood samples is now publicly available.

Detection of the KIT D816V mutation was per-
formed in gDNA from peripheral blood and highly
purified bone marrow cell populations using two
different methods. First, the established standard
approach based on a peptide nucleic acid-mediated
PCR technique (LightCycler 2.0, software version 3.5;
Roche Diagnostics GmbH, Mannheim, Germany)
was used, as described elsewhere.6,17 Based on the
results obtained with this method on purified bone
marrow cell populations, all patients were further
subclassified as having either systemic mastocytosis
with KIT D816V mutation restricted to bone marrow
mast cells (mast cell-restricted systemic mastocyto-
sis) or systemic mastocytosis with multilineage
involvement of bone marrow hematopoiesis by the
KIT mutation (multilineage systemic mastocytosis),
following the previously defined criteria.6,10 In a
subset of 161 patients, detection of the KIT D816V
mutation was also performed in parallel in aliquots
of the same samples containing the same amount of
gDNA (200 ng per sample for peripheral blood

leukocytes, and 50 ng per sample for purified bone
marrow neutrophils and/or CD34+ hematopoietic
stem and precursor cells) using a previously des-
cribed allele-specific oligonucleotide-qPCR assay;13
for this purpose, an incubation at 95 °C for the
activation of the DNA polymerase (10min) followed
by 45 cycles of PCR amplification (denaturation at
95 °C for 10 s followed by annealing at 60 °C for 30 s
and elongation at 72 °C for 1 s) was performed in a
LightCycler 2.0 thermocycler using the LightCycler
TaqMan Master kit reagents (Roche Diagnostics).

All hybridization probes required for the peptide
nucleic acid-mediated PCR technique,6 as well as the
primers used in both techniques, were obtained from
Sigma-Aldrich, whereas the allele-specific oligonu-
cleotide-qPCR TaqMan probe13 was purchased from
Applied Biosystems (Foster City, CA, USA). As
negative and positive controls, gDNA from an adult
healthy donor and the KIT D816V mutation-positive
HMC-1560+/816+ cell line (proved to have two copies
of the KIT gene, including a KIT D816V-mutated
allele and a wild-type KIT allele)23 were system-
atically studied in parallel to both the patient and
control samples. For the identification of the most
discriminating cutoff to classify both negative vs
positive samples, as well as cases with mast cell-
restricted vs multilineage involvement of hematopoi-
esis by the KIT D816V mutation, receiver operating
characteristic curves were applied to select for the
most specific crossing threshold (Ct) value (Ct value
that provided the best sensitivity in the absence of
false-positive results); Ct o37 for negative vs posi-
tive samples and Ct o32 for mast cell-restricted vs
multilineage bone marrow involvement. For those
peripheral blood samples that were positive for the
KIT D816V mutation, as assessed by the allele-
specific oligonucleotide-qPCR method, quantifica-
tion of the mutated KIT allele burden was calculated
by plotting individual results against a standard
curve with percentages of mutated cells ranging
from 0.01 to 100%, as generated through a series of
dilutions of KIT D816V mutation-positive gDNA
from the HMC-1560+/816+ cell line into wild-type
gDNA from a pool of healthy control samples; in
turn, the allele burden for the KIT mutation in bone
marrow samples was quantified by the same allele-
specific oligonucleotide-qPCR assay using the ‘delta-
delta Ct’ (ΔΔCt) method24 to correct for the potential
presence of false-negative results owing to the low
amounts of gDNA obtained from bone marrow-
purified cell populations. The efficiency of the
ΔΔCt method was evaluated using the standard
curve regression analysis (LightCycler 3.5 software)
generated with gDNA from the HMC-1560+/816+ cell
line. Correlation of the results obtained with the two
different analytical strategies used for peripheral
blood vs bone marrow samples was performed in a
subgroup of 90 cases, in which enough gDNA from
bone marrow-purified cell populations was avail-
able, such analysis confirming that both approaches
provided highly concordant results.
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Statistical Methods

For all statistical analyses, the SPSS 20.0 software
(SPSS, Chicago, IL, USA) was used. The Mann–
Whitney U-test and the χ2 tests were used to
determine the statistical significance of the differ-
ences observed between groups; receiver operating
characteristic curve analysis was used to identify the
most discriminating cutoff for the presence of the
KIT D816V mutation in peripheral blood, as assessed
by the allele-specific oligonucleotide-qPCR method.
Sensitivity was calculated as (true positive)/(true
positive+false negative cases), specificity as (true
negative)/(true negative+false positive cases) and
overall accuracy as (true positive+true negative)/(true
positive+false positive+true negative+false negative
cases). Correlation between two variables was
assessed by the Spearman’s test (rs). P-values o0.05
were considered to be associated with statistical
significance.

Results

Multilineage Involvement of Bone Marrow Cells by the
KIT D816V Mutation

All patients (n=192) had the KIT D816V mutation in
FACS-purified bone marrow mast cells, as assessed
by the peptide nucleic acid-mediated PCR method.
In a substantial fraction of cases (67/192; 35%), the
KIT mutation was also present in other bone marrow
cell compartments such as the CD34+ hematopoietic
stem and precursor cells, eosinophils, monocytes
and maturing bone marrow neutrophils, as evaluated
by the same PCR method. In addition, in 28 cases
carrying multilineage KIT mutation, the KIT D816V
mutation was also detected by the same technique in
bone marrow T lymphocytes (28/192; 15%). The
relative distribution of cases carrying multilineage
involvement of bone marrow hematopoiesis by the
KIT mutation within the different diagnostic sub-
types of systemic mastocytosis was as follows:
indolent systemic mastocytosis without skin lesions,
5/44 cases (11%); indolent systemic mastocytosis
with skin lesions, 51/135 cases (37%); aggressive
systemic mastocytosis, 9/9; systemic mastocytosis
with an associated hematological non-mast cell
lineage disease, 2/2; and monoclonal mast cell
activation syndrome, 0/2.

Frequency of the KIT D816V Mutation in Peripheral
Blood

Overall, none of the healthy controls analyzed (0/35)
tested positive for the KIT D816V mutation in
peripheral blood by any of the two PCR methods
used. In contrast, the majority of mastocytosis
patients were positive for this KIT mutation in
peripheral blood by allele-specific oligonucleotide-
qPCR (164/192; 85%) and/or by the peptide nucleic

acid-mediated-PCR technique (84/192; 44%). Of
note, all 84 cases that tested positive for the KIT
D816V mutation with the peptide nucleic acid-
mediated PCR technique were also positive by
allele-specific oligonucleotide-qPCR. These results
indicate that while both methods are highly (100%)
specific, the allele-specific oligonucleotide-qPCR
technique is almost two times more sensitive in
peripheral blood compared with the peptide
nucleic acid-mediated PCR method (85% vs 44%;
respectively; Po0.0001). Thereby, the overall accu-
racy of the allele-specific oligonucleotide-qPCR was
clearly higher compared with that of the peptide
nucleic acid-mediated PCR (88% vs 52%, respec-
tively; Po0.0001) owing to its greater sensitivity
(Table 1).

Despite the differences described for the two
methods, their sensitivity was clearly lower among
indolent systemic mastocytosis cases without skin
lesions (indolent systemic mastocytosis without skin
lesions; n=44) compared with those showing skin
involvement (indolent systemic mastocytosis with
skin lesions; n=135): 18% vs 48% (P=0.0004) for
the peptide nucleic acid-mediated-PCR and 66% vs
92% (Po0.0001) for the allele-specific oligonucleo-
tide-qPCR, respectively. This translated into a lower
overall accuracy for the detection of the KIT
mutation in peripheral blood samples from indolent
systemic mastocytosis without skin lesions vs indo-
lent systemic mastocytosis with skin lesions cases
for the allele-specific oligonucleotide-qPCR (81% vs
93%, respectively; P=0.02) but not for the peptide
nucleic acid-mediated PCR technique (54% vs 59%,
respectively; P=0.60) (Table 2). However, the pep-
tide nucleic acid-mediated PCR method emerged as a
more accurate approach compared with the (quali-
tative) allele-specific oligonucleotide-qPCR method
(overall accuracy of 83% vs 48%, respectively)
in predicting the multilineage involvement of bone
marrow hematopoiesis by the KIT mutation
(Table 1), based on peripheral blood analysis when
the qualitative threshold for positivity (Cto37;
corresponding to an allele burden of 0.01%) by
the allele-specific oligonucleotide-qPCR method
was used. Thus, while the former method showed
a lower sensitivity (88% vs 98%; P=0.02), it
had a significantly higher specificity (80% vs 22%;
Po0.0001) (Table 1). Of note, when patients
(n=161) were classified according to the degree of
involvement of hematopoiesis by the mutation as
carrying mast cell-restricted vs multilineage KIT
mutation using the (qualitative) allele-specific oligo-
nucleotide-qPCR instead of the peptide nucleic acid-
mediated-PCR method for the analysis of purified
bone marrow maturing neutrophils, the overall
accuracy of both methods was also similar (52% vs
56%, P40.05); despite this, the qualitative allele-
specific oligonucleotide-qPCR method still showed a
lower specificity compared with the peptide nucleic
acid-mediated PCR method (18% vs 63%;
Po0.0001) in association with a significantly higher
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sensitivity (90% vs 49%; Po0.01) (Table 3). Inter-
estingly, the overall accuracy of the peptide nucleic
acid-mediated PCR method evaluated in peripheral
blood to predict for the presence of multilineage
involvement of hematopoiesis by the KIT mutation
was higher among indolent systemic mastocytosis
without skin lesions (93%) vs indolent systemic
mastocytosis with skin lesions (77%) patients
(P=0.02), whereas it was similar for both patient
groups for the qualitative (negative vs positive
peripheral blood KIT mutation) allele-specific oligo-
nucleotide-qPCR approach (45% vs 44%, respec-
tively) (Table 2). As expected, the peripheral blood
KIT D816V-positive allele burden observed among
patients with mast cell-restricted KIT mutation
(n=98) was significantly lower (Po0.0001) com-
pared with that of multilineage systemic masto-
cytosis patients (n=66) with a mean percentage ±
1 s.d. of KIT- mutated cells of 1.9 ± 2% vs 15± 20%,
respectively (Figure 1a). Thereby, when the most
specific cutoff (corresponding to an allele burden of
6% by the allele-specific oligonucleotide-qPCR
method) was selected, to increase the specificity for
the discrimination between mast cell-restricted vs
multilineage systemic mastocytosis cases through
analysis of peripheral blood samples by the allele-
specific oligonucleotide-qPCR method, a similar

overall accuracy was obtained for the quantitative
allele-specific oligonucleotide-qPCR vs the peptide
nucleic acid-mediated PCR method (82% vs 83%;
P40.05). Nevertheless, it should be noted that based
on the KIT D816V allele burden of 6% by quantita-
tive allele-specific oligonucleotide-qPCR virtually
all mast cell-restricted systemic mastocytosis
patients were correctly classified, whereas only half
(33/67) of all multilineage systemic mastocytosis
patients were identified as such (49% sensitivity;
99% specificity) (Figure 1a). Similar results were
observed once indolent systemic mastocytosis cases
were subdivided into indolent systemic mastocytosis
without skin lesions and indolent systemic masto-
cytosis with skin lesions patients: 60% and 44%
sensitivity and 99% and 98% specificity, and a 93%
and 76% overall accuracy, respectively (Figure 1b).

Degree of Involvement of Distinct Bone Marrow Cell
Compartments from Systemic Mastocytosis Patients
by the KIT D816V Mutation as Defined by the
Allele-Specific Oligonucleotide-qPCR vs the Peptide
Nucleic Acid-Mediated-PCR Techniques

In a subset of 152/179 indolent systemic mastocy-
tosis patients, in whom enough gDNA from purified

Table 1 Comparative analysis of the performance of the peptide nucleic acid-mediated-PCR vs the allele-specific oligonucleotide-qPCR
methodsa

Prediction for the KIT mutation (patients, n=192; controls, n=35)

PNA-mediated-PCR Qualitative ASO-qPCR P-value

True positive 84/192 (44%) 164/192 (85%)
False positive 0/35 (0%) 0/35 (0%)
True negative 35/35 (100%) 35/35 (100%)
False negative 108/192 (56%) 28/192 (15%)
Sensitivity 44% 85% o0.0001
Specificity 100% 100% NS
Overall accuracy 52% 88% o0.0001

Prediction for multilineage KIT mutation (mast cell-restricted systemic mastocytosis,
n=125; multilineage systemic mastocytosis, n=67)

PNA-mediated-PCR

ASO-qPCR

Qualitative T40.01% P-value Quantitative T46% P-value

True positive 59/67 (88%) 66/67 (98%) 33/67 (49%)
False positive 25/125 (20%) 98/125 (78%) 1/125 (1%)
True negative 100/125 (80%) 27/125 (22%) 124/125 (99%)
False negative 8/67 (12%) 1/67 (2%) 34/67 (51%)
Sensitivity 88% 98% 0.02 49% o0.0001
Specificity 80% 22% o0.0001 99% o0.0001
Overall accuracy 83% 48% o0.0001 82% NS

Abbreviations: ASO: allele-specific oligonucleotide; false negative case: case that meets the condition but tested negative; false positive case: case
that does not meet the condition but tested positive; NS: not statistically significantly different; PNA: peptide nucleic acid; T: threshold.
Systemic mastocytosis patients were classified as having mast cell-restricted or multilineage KIT mutation according to the results of peptide
nucleic acid-mediated PCR analysis of gDNA from purified bone marrow cell populations, as described in the Material and Methods section.
aFor detection of the KIT D816V mutation in peripheral blood gDNA and prediction for the presence of the KIT D816V mutation in bone marrow
mast cells and other hematopoietic cells from KIT D816V+ systemic mastocytosis (n=190) and clonal mast cell activation syndrome (n=2) patients.
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Table 2 Detection of the KIT mutation in peripheral blood gDNA from indolent systemic mastocytosis patients (n=179) grouped
according to the presence vs absence of skin lesions by the peptide nucleic acid-mediated-PCR vs the allele-specific oligonucleotide-qPCR
assaysa

Prediction for the KIT mutation

Indolent systemic mastocytosis
without skin lesionsb (n=44)

Indolent systemic mastocytosis
with skin lesionsc (n=135)

PNA-PCR
Qualitative
ASO-qPCR P-value PNA-PCR

Qualitative
ASO-qPCR P-value

Sensitivity 18% 66% o0.0001 48% 92% o0.0001
Specificity 100% 100% NS 100% 100% NS
Overall accuracy 54% 81% 0.007 59% 93% o0.0001

Prediction for multilineage KIT mutation

Indolent systemic mastocytosis
without skin lesionsb (n=44)

Indolent systemic mastocytosis
with skin lesionsc (n=135)

PNA-PCR

ASO-qPCR

PNA-PCR

ASO-qPCR

Qualitative
T40.01% P-value

Quantitative
T46% P-value

Qualitative
T40.01% P-value

Quantitative
T46% P-value

Sensitivity 100% 100% NS 60% NS 84% 98% 0.01 44% o0.0001
Specificity 92% 38% o0.0001 100% NS 74% 12% o0.0001 98% o0.0001
Overall accuracy 93% 45% o0.0001 93% NS 77% 44% o0.0001 76% NS

Abbreviations: ASO: allele-specific oligonucleotide; NS: not statistically significantly different; PNA-PCR: peptide nucleic acid-mediated PCR; T:
threshold.
Systemic mastocytosis patients were classified as having mast cell-restricted or multilineage KIT mutation according to the results of peptide
nucleic acid-mediated PCR analysis of gDNA from purified bone marrow cell populations, as described in the Material and Methods section. All
aggressive systemic mastocytosis cases (n=9) and systemic mastocytosis with an associated hematological non-mast cell lineage disease (n=2) had
multilineage KIT mutation and they were all positive in peripheral blood gDNA by the two methods. Conversely, the two monoclonal mast cell
activation syndrome patients showed mast cell-restricted KIT mutation in the bone marrow and they were both negative in peripheral blood by the
two methods evaluated.
aUtility of the two methods to predict for both the presence of the KIT D816V mutation in bone marrow mast cells and the presence of multilineage
bone marrow involvement by the KIT mutation.
bThirty-nine indolent systemic mastocytosis without skin lesions cases had mast cell-restricted KIT mutation and five showed multilineage
involvement of hematopoiesis.
cEighty-four indolent systemic mastocytosis with skin lesion cases had mast cell-restricted KIT mutation and 51 multilineage KIT mutation.

Table 3 Performance of the peptide nucleic acid-mediated-PCR vs the allele-specific oligonucleotide-qPCR methods in detecting the KIT
mutation in peripheral blood gDNA and predicting for the presence of multilineage KIT mutation by allele-specific oligonucleotide-qPCR
analysis of purified bone marrow maturing neutrophils

Prediction for multilineage KIT mutation(mast cell-restricted systemic mastocytosis,
n=84; multilineage systemic mastocytosis, n=77)

PNA-mediated-PCR

ASO-qPCR

Qualitative T40.01% P-value Quantitative T46% P-value

True positive 38/77 (49%) 69/77 (90%) 19/77 (25%)
False positive 31/84 (37%) 69/84 (82%) 7/84 (8%)
True negative 53/84 (63%) 15/84 (18%) 77/84 (92%)
False negative 39/77 (51%) 8/77(10%) 58/77(75%)
Sensitivity 49% 90% 0.01 25% 0.002
Specificity 63% 18% o0.0001 92% o0.0001
Overall accuracy 56% 52% NS 60% NS

Abbreviations: ASO: allele-specific oligonucleotide; false negative case: case that meets the condition but tested negative; false positive case: case
that does not meet the condition but tested positive; NS: not statistically significantly different; PNA: peptide nucleic acid; T: threshold.
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bone marrow CD34+ hematopoietic stem and pre-
cursor cells and/or maturing neutrophils was avail-
able, we investigated the frequency of cases showing
the KIT D816V+ mutation in both purified bone
marrow cell populations also using the allele-
specific oligonucleotide-qPCR method (all these
cases had already been tested and classified as
having mast cell-restricted or multilineage involve-
ment of bone marrow hematopoiesis by the KIT
mutation by the peptide nucleic acid-mediated PCR

method). Overall, allele-specific oligonucleotide-
qPCR showed the presence of the KIT mutation in
purified CD34+ hematopoietic stem and precursor
cells and maturing neutrophils from 76/105 (72%)
and 71/152 (46%) indolent systemic mastocytosis
cases analyzed, respectively (Figure 2a). In detail,
virtually all cases (39/43; 93%) who were classified
by the peptide nucleic acid-mediated PCR assay as
having multilineage involvement of hematopoiesis
by the KIT mutation showed involvement of CD34+
hematopoietic stem and precursor cells (28/30, 93%)
and/or maturing neutrophils (25/43, 58%) also by
the allele-specific oligonucleotide-qPCR technique.
Additionally, a great proportion of cases (73/109;
67%) with mast cell-restricted bone marrow involve-
ment by the KIT mutation, as assessed by the peptide
nucleic acid-mediated PCR method, also showed
involvement of CD34+ hematopoietic stem and
precursor cells (48/75; 64%) and/or maturing
neutrophils (46/109; 42%) by the KIT mutation by
the allele-specific oligonucleotide-qPCR assay. As
expected, lower frequencies of KIT D816V+ CD34+
hematopoietic stem and precursor cells (mean±1 s.d.
of 6.6% vs 21±26%; P=0.001) and maturing neutro-
phils (mean±1 s.d. of 17±32% vs 31%±35%;
P=0.0003) were observed with the allele-specific
oligonucleotide-qPCR technique among those positive
cases that showed mast cell-restricted vs multilineage
involvement of hematopoiesis by the peptide nucleic
acid-mediated-PCR method (Figure 2b).

Correlation Between the Percentage of KIT D816V-
Mutated Bone Marrow CD34+ Hematopoietic Stem and
Precursor Cells and Maturing Neutrophils and that of
Peripheral Blood Leukocytes as Detected by Allele-
Specific Oligonucleotide-qPCR

Overall, no significant correlation (P40.05) was
observed between the percentage of bone marrow
CD34+ hematopoietic stem and precursor cells and
maturing neutrophils carrying the KIT D816V muta-
tion by allele-specific oligonucleotide-qPCR, when
all cases were analyzed together (Figure 3a); how-
ever, this correlation increased towards statistical
significance (rs = 0.61; P=0.007) when the analysis
was restricted to those cases that simultaneously
showed the mutation in the above two cell popula-
tions (Figure 3b). Most interestingly, only a margin-
ally statistically significant correlation was found
between the percentage of bone marrow maturing
neutrophils and the percentage of peripheral blood
leukocytes carrying the KIT mutation, when all
cases were analyzed together (rs = 0.33; P=0.02)
(Figure 3c); once again, when we restricted the
analysis to those cases that showed the KIT mutation
in both cell populations, the degree of correlation
increased (rs = 0.60; P=0.002) (Figure 3d). In turn, a
marginal degree of correlation was observed between
the level of involvement of bone marrow CD34+
hematopoietic stem and precursor cells and that of

Figure 1 KIT D816V-positive allele burden in peripheral blood
leukocytes from systemic mastocytosis patients, as assessed by
allele-specific oligonucleotide-qPCR. The percentage of KIT
D816V+ peripheral blood leukocytes grouped according to the
degree of bone marrow involvement by the KIT mutation as
defined by the conventional peptide nucleic acid-mediated-PCR
technique is displayed. In (a), the percentage of KIT-positive
peripheral blood leukocytes in the overall group of systemic
mastocytosis patients is shown, whereas in (b), the percentage of
KIT-positive peripheral blood leukocytes among indolent systemic
mastocytosis without skin lesions and indolent systemic masto-
cytosis with skin lesions patients is displayed. Notched boxes
extend from the 25th to 75th percentile values; the lines in the
middle and vertical lines correspond to median values and the
10th and 90th percentiles, respectively, whereas the horizontal
dotted line corresponds to the 6% cutoff allele burden by allele-
specific oligonucleotide-qPCR.
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peripheral blood leukocytes, both when we analyzed
all cases together (rs = 0.34; P=0.02) (Figure 3e) and
only those cases where the two cell populations were
simultaneously positive for the KIT D816V mutation
(rs = 0.25; P=0.16) (Figure 3f).

Discussion

Currently, it is well established that ~ 90% of adult
systemic mastocytosis patients carry the KIT D816V

mutation in bone marrow mast cells,6,10 as also
found in our series of 456 cases from which the 192
KIT D816V patients here reported were selected.
Moreover, virtually all aggressive systemic mastocy-
tosis cases, as well as around one-fourth of indolent
systemic mastocytosis patients,6 present multiline-
age involvement of bone marrow cell compartments
other than mast cells by the KIT mutation,11,12,25,26
this being considered as the most powerful prognos-
tic factor for disease progression among adult
indolent systemic mastocytosis patients.7,10,27

Recently, several groups9,13,14 have confirmed the
feasibility of detecting the KIT mutation in peri-
pheral blood leukocytes; consequently, sensitive
allele-specific oligonucleotide-qPCR approaches for
peripheral blood detection of the KIT D816V
mutation13,28 have been included in recent consen-
sus diagnostic algorithms18 owing to the less inva-
sive diagnostic approach in peripheral blood vs bone
marrow. However, careful analysis of the literature
shows discrepant results regarding both the fre-
quency of systemic mastocytosis cases who are
KIT D816V+ in peripheral blood and the prognostic
impact of the KIT D816V allele burden. Thus,
while Kristensen et al.9,29 reported positive rates in
peripheral blood samples of indolent systemic
mastocytosis cases between 96% and 100%, Erben
et al.30 only found 46% of indolent systemic
mastocytosis patients to be positive in peripheral
blood using a different allele-specific quantitative
real-time PCR method. In turn, whereas Erben et al.30
suggested that a greater amount of KIT D816V+ cells
in peripheral blood is associated with a poorer
outcome, the Danish group15 did not find any
correlation between the allele burden for the KIT
D816V mutation and the clinical manifestations of
indolent systemic mastocytosis. Overall, such appar-
ently discrepant results could be explained by the
fact that different approaches were used to assess
peripheral blood involvement by the KIT mutation
(analysis on gDNA9,13 vs cDNA30), which therefore
might have different sensitivities. Of note, no study
has been reported so far in which paired peripheral
blood and bone marrow samples had been analyzed
in large series of systemic mastocytosis cases by two
or more (highly sensitive) PCR methods,28 to clarify
such discrepancies. Furthermore, the precise rela-
tionship between the presence of KIT D816V+ cells
in peripheral blood and multilineage involvement of
bone marrow hematopoiesis by the KIT mutation
also remains unknown.

In this study, we compared the performance of
the two most widely accepted methods28 (peptide
nucleic acid-mediated PCR-clamping technique17 vs
allele-specific oligonucleotide-qPCR13), which are
currently used to detect the KIT D816V mutation in
clinical diagnostic laboratories, on the same gDNA
samples obtained from paired peripheral blood
leukocytes and highly purified bone marrow CD34+
hematopoietic stem and precursor cells and matur-
ing neutrophils, from a large cohort of systemic

Figure 2 Frequency and degree of involvement of bone marrow
isolated cells from indolent systemic mastocytosis patients
grouped according to the presence of mast cell-restricted vs
multilineage involvement of hematopoiesis by the KIT D816V+ as
assessed by the allele-specific oligonucleotide-qPCR method.
Frequency and degree of involvement by the KIT D816V mutation
of FACS-purified bone marrow CD34+ hematopoietic stem and
precursor cells and maturing neutrophils from indolent systemic
mastocytosis patients as assessed by the allele-specific oligonu-
cleotide-qPCR technique. In (a), the overall frequency of indolent
systemic mastocytosis cases carrying the KIT D816V mutation in
bone marrow CD34+ hematopoietic stem and precursor cells and
maturing neutrophils by the allele-specific oligonucleotide-qPCR
method is shown, whereas in (b), the percentage of bone marrow
CD34+ hematopoietic stem and precursor cells and maturing
neutrophils carrying the KIT D816V mutation by allele-specific
oligonucleotide-qPCR among indolent systemic mastocytosis
cases who tested positive for the mutation by this technique,
grouped according to the degree of bone marrow involvement by
the KIT mutation as defined by the conventional peptide nucleic
acid-mediated-PCR technique is displayed. Notched boxes extend
from the 25th to 75th percentile values; the lines in the middle and
vertical lines correspond to median values and the 10th and 90th
percentiles, respectively.
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mastocytosis patients. To the best of our knowledge,
this is the only series of systemic mastocytosis
patients in which both methods have been per-
formed in parallel to evaluate their accuracy in both
detecting the KIT mutation in peripheral blood and

determining its relationship with multilineage invol-
vement of bone marrow hematopoiesis.

Overall, our results confirmed that allele-specific
oligonucleotide-qPCR is significantly more sensitive
than peptide nucleic acid-mediated PCR to identify

Figure 3 Correlation between the percentage of KIT D816V mutated bone marrow CD34+ hematopoietic stem and precursor cells and
maturing neutrophils and peripheral blood leukocytes in systemic mastocytosis patients. Analysis of the KIT D816V mutation is shown for
all indolent systemic mastocytosis patients for whom paired bone marrow CD34+ hematopoietic stem and precursor cells plus maturing
neutrophils and peripheral blood leukocytes were studied (n=49). In (a) and (b), the correlation between the percentage of KIT D816V
bone marrow CD34+ hematopoietic stem and precursor cells (Y axis) and maturing neutrophils (X axis) is shown for all cases evaluated
(a) and only for those patients who had the D816V mutation in both bone marrow cell subsets (n=18), respectively (b). (c) and (d) The
correlation between the percentage of KIT-mutated peripheral blood nucleated cells (X axis) and bone marrow-purified CD34+
hematopoietic stem and precursor cells (Y axis) for all cases tested (n=49) and for those cases who were D816V positive in both cell
populations (n=24), respectively. (e) and (f) The correlation between the percentage of KIT-mutated peripheral blood nucleated cells
(X axis) and maturing neutrophils (Y axis) for all cases evaluated (n=49) and for those cases who were D816V-positive in both cell
populations (n=33), respectively.
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the KIT D816V mutation in both peripheral blood
leukocytes and purified bone marrow cell popula-
tions, in line with the higher frequencies of KIT
mutated cases reported in the literature with the
former technique.9,29 In contrast, both methods
showed an overall similar accuracy to predict for
mast cell-restricted vs multilineage bone marrow
involvement by the KIT mutation based on peri-
pheral blood screening, whenever quantitative (the
KIT allele burden) instead of qualitative (negative
vs positive peripheral blood for the KIT mutation)
allele-specific oligonucleotide-qPCR results were
used. Of note, similar results were observed when
we restricted the analysis to indolent systemic
mastocytosis patients grouped according to the
presence vs absence of skin lesions, although both
a lower sensitivity and overall accuracy for the
detection of the KIT D816V mutation were observed
among indolent systemic mastocytosis without skin
lesions vs indolent systemic mastocytosis with skin
lesions cases for the qualitative allele-specific oligo-
nucleotide-qPCR vs both the allele-specific oligonu-
cleotide-qPCR allele burden and the peptide nucleic
acid-mediated PCR method. Thus, while the quanti-
tative allele-specific oligonucleotide-qPCR and the
peptide nucleic acid-mediated-PCR methods showed
a great efficiency in classifying indolent systemic
mastocytosis with skin lesions and indolent systemic
mastocytosis without skin lesions patients as having
mast cell-restricted vs multilineage bone marrow
disease, the qualitative allele-specific oligonucleo-
tide-qPCR approach showed a similarly poorer
performance in the two subgroups of indolent
systemic mastocytosis patients owing to its lower
specificity. Noteworthy, similar results were also
obtained when multilineage involvement of bone
marrow hematopoiesis was defined by the presence
of KIT-mutated bone marrow maturing neutrophils
by allele-specific oligonucleotide-qPCR. Altogether,
these results support the recent consensus proposal,
to introduce the use of allele-specific oligo-
nucleotide-qPCR analysis of peripheral blood leuko-
cytes in the diagnostic screening of systemic
mastocytosis.9,18 However, caution should be taken
in systemic mastocytosis cases presenting with mast
cell activation-associated symptoms (e.g., anaphy-
laxis) in the absence of skin lesions if the mutation is
not detected, because around one-third of indolent
systemic mastocytosis without skin lesions cases
carrying the KIT D816V mutation in bone marrow
cells this mutation could not be detected in peri-
pheral blood by either of the methods. More
importantly, no clear association was found between
the qualitative allele-specific oligonucleotide-qPCR
method and multilineage involvement of bone
marrow hematopoiesis using the presence of the
mutation in peripheral blood; in contrast, the
KIT allele burden by (quantitative) allele-specific
oligonucleotide-qPCR and the detection of the KIT
D816V+ mutation in peripheral blood cells by the
peptide nucleic acid-mediated PCR method were

both highly predictive for multilineage involvement
of bone marrow hematopoiesis.

To clarify the lack of correlation between the
qualitative allele-specific oligonucleotide-qPCR and
peptide nucleic acid-mediated PCR methods, we
investigated the presence of the KIT mutation in
highly purified compartments of bone marrow
CD34+ hematopoietic stem and precursor cells and
maturing neutrophils with both techniques, and
compared them with the peripheral blood results.
As expected, the allele-specific oligonucleotide-
qPCR method detected involvement of CD34+ hema-
topoietic stem and precursor cells and/or maturing
neutrophils in a higher proportion of cases compared
with the peptide nucleic acid-mediated PCR method,
but with a lower median allele burden in the
negative vs positive cases for the latter approach.
Altogether, these results support the established
notion that systemic mastocytosis is a stem cell
disease,6,12,31 a notion that is further demonstrated
here by the high rate of involvement of CD34+
hematopoietic stem and precursor cells and other
non-mast cells lineages by the KIT D816V mutation.
Nonetheless, no significant correlation was found
between the percentage of bone marrow CD34+
hematopoietic stem and precursor cells, as well as
maturing neutrophils carrying the KIT D816V muta-
tion, with a significant proportion of cases showing
the mutation in CD34+ hematopoietic stem and
precursor cells but not in maturing neutrophils. This
suggests that the presence of the KIT mutation in a
small percentage of CD34+ hematopoietic stem and
precursor cells could most likely be associated with
maturation towards cell lineages other than the
neutrophil lineage, for example, mast cells and
potentially also other minor myeloid lineages such
as the eosinophil and basophil lineages.12,32 In line
with this hypothesis, although a significant correla-
tion was found between the percentage of bone
marrow maturing neutrophils (and CD34+ hemato-
poietic stem and precursor cells) and the proportion
of peripheral blood leukocytes carrying the KIT
mutation, such correlation was only marginal. These
results further suggest that cell compartments other
than the neutrophils and CD34+ hematopoietic stem
and precursor cells also contribute to the peripheral
blood allele burden. Alternatively, the lack of
association between the presence of the KIT muta-
tion in bone marrow CD34+ hematopoietic stem and
precursor cells and maturing neutrophils or periph-
eral blood leukocytes could be due to contamination
of bone marrow CD34+ hematopoietic stem and
precursor cells samples by low numbers of bone
marrow mast cells carrying the KIT mutation, which
seems unlikely since this was systematically ruled
out for all sorted cell populations.

Altogether, these results might also contribute to
explain the different degree of association observed
between each of the two (peptide nucleic acid-
mediated PCR and qualitative allele-specific oligo-
nucleotide-qPCR) methods and multilineage bone
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marrow involvement by the KIT mutation. Thus, the
KIT-mutated cell fractions detected by the allele-
specific oligonucleotide-qPCR method could consist
of minor circulating peripheral blood cells such as
CD34+ hematopoietic stem and precursor cells,
circulating mast cells progenitors and/or basophils,
which were not systematically investigated to define
multilineage bone marrow involvement by the
peptide nucleic acid-mediated PCR method. At the
same time, our results suggest that a minimum
number of mutated cells circulating in peripheral
blood may be required to identify bone marrow
multilineage involvement in peripheral blood, as
suggested by the better results found once the
qualitative results of the allele-specific oligonucleo-
tide-qPCR technique were replaced by a quantitative
(allele burden) threshold. In line with this,
Hoermann et al.14 recently showed that systemic
mastocytosis with a higher bone marrow allele
burden (42%) have a greater probability of showing
disease progression. However, it should be noted
that, despite the higher allele burden for the KIT
mutation observed in our series in the peripheral
blood of cases showing multilineage vs mast cell-
restricted KIT mutation, still half of systemic
mastocytosis patients who showed multilineage
bone marrow involvement had KIT allele burden
values in peripheral blood below the most specific
cutoff identified (6% KIT-mutated peripheral blood
cells). These results did not allow us to validate the
peripheral blood allele burden (6%) to stratify
systemic mastocytosis patients according to their
probability of showing multilineage bone marrow
involvement by the KIT mutation. Therefore, further
studies in large series of indolent systemic mastocy-
tosis patients with a long follow-up are required to
establish the prognostic value of the peripheral blood
allele burden.

In summary, our results confirm the presence of
the KIT mutation in peripheral blood of most
systemic mastocytosis patients by the allele-specific
oligonucleotide-qPCR method, particularly among
indolent systemic mastocytosis with skin lesions and
aggressive systemic mastocytosis cases, and also in
the majority of indolent systemic mastocytosis with-
out skin lesions patients. In addition, we also show
that the allele burden of KIT-mutated peripheral
blood cells by this method or the established peptide
nucleic acid-mediated PCR approach can accurately
predict for the presence of multilineage involvement
of bone marrow hematopoiesis by the KIT mutation
and may therefore be used as a surrogate marker for
multilineage disease.
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