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Mastocytosis is a rare disease characterized by accu-
mulation of mast cells in tissues. To investigate
whether an altered regulation of mast cell apoptosis
might be involved in the pathogenesis of mastocyto-
sis, expression of the apoptosis-preventing molecules
bcl-2 and bcl-xL was studied by immunohistochemis-
try in skin and bone marrow lesions of mastocytosis
patients. In addition, reverse transcription-polymer-
ase chain reaction was used to investigate levels of
bcl-2 and bcl-xL mRNA in cutaneous mastocytosis le-
sions. Since activating mutations of c-kit are known to
be associated with some forms of mastocytosis, hu-
man mast cell cultures were also stimulated via c-kit
and the expression of bcl-2 and bcl-xL was assessed
by immunoblotting. In patients with mastocytosis,
the expression of bcl-2 protein but not bcl-xL in cu-
taneous mast cells was significantly enhanced, com-
pared to healthy controls. Evaluating different sub-
groups of adult and pediatric mastocytosis patients,
all groups were found to express significantly in-
creased levels of bcl-2 protein, and none of the pa-
tient groups was found to overexpress bcl-xL, with
the exception of solitary mastocytomas that showed a
tendency for up-regulated bcl-xL protein. Further-
more, the expression of bcl-2 mRNA was significantly
enhanced in cutaneous lesions of adult and pediatric
patients, while bcl-xL mRNA levels were only slightly
increased in pediatric, but not in adult patients with
mastocytosis. In contrast to the skin lesions, bone
marrow infiltrates of patients with systemic mastocy-

tosis showed only low or absent immunoreactivity for
bcl-2, but marked expression of bcl-xL. In vitro , stim-
ulation of two different mast cell culture systems by
activation of c-kit resulted in up-regulation of bcl-2
and also in an increase of bcl-xL, although less pro-
nounced. Thus, overexpression of bcl-2 and bcl-xL
leading to prolonged survival of mast cells may con-
tribute to the pathogenesis of mastocytosis. Our find-
ings may help to develop new strategies for the treat-
ment of this disease. (Am J Pathol 2003,
163:819–826)

Mastocytosis represents a heterogeneous group of dis-
eases characterized by an increase of mast cells in dif-
ferent organs.1,2 Cutaneous mastocytosis is limited to the
skin, preferentially develops in infancy, often shows
spontaneous regression after several years, and can be
categorized into a maculopapular (traditionally named
urticaria pigmentosa), nodular (also named mastocytoma
and presents as solitary or multiple lesions), diffuse, and
telangiectatic form.3–5 Systemic mastocytosis is defined
by infiltrates of mast cells in the bone marrow or other
extracutaneous organs, presents with or without skin le-
sions, usually affects adults, and shows an indolent or
aggressive clinical course.3 Recent studies have demon-
strated that activating mutations of c-kit, the receptor of
the mast cell growth factor stem cell factor (SCF), play a
key role in the pathogenesis of sporadic adult onset
mastocytosis.6 However, these mutations alone do not
explain the heterogeneity of adult disease and are usually
not present in pediatric and familial mastocytosis.1,7–10

To investigate additional mechanisms by which mast cell
numbers are regulated in mastocytosis, we hypothesized
that an altered control of mast cell apoptosis might also
be involved in the pathogenesis of the disease.

Members of the bcl-2 family of proteins play important
roles in regulating cell survival and apoptosis.11 The
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bcl-2 family includes pro-apoptotic members and anti-
apoptotic proteins such as bcl-2 and bcl-xL that inhibit
apoptosis by blocking the release of cytochrome C.12

Bcl-2 and bcl-xL have both been shown to prevent apo-
ptosis in response to a wide variety of stimuli, including
growth factor deprivation, �-irradiation, and activation of
death receptors.11,13 On the other hand, the two survival
proteins are expressed in a reciprocal pattern during
cellular development, suggesting also unique functions
for bcl-2 and bcl-xL.14–16 Overexpression of bcl-2 and
bcl-xL causes aberrant accumulation of cells and thus
leads to neoplasia.17,18 In fact, an increased expression
of bcl-2 and bcl-xL has been found in a variety of different
cancers.19–23 In many neoplastic cells, high expression
of bcl-2 and bcl-xL also correlates with resistance to
conventional chemotherapy.19,20,24

In vitro studies have demonstrated that survival of mu-
rine and human mast cells also depends on bcl-2 and
bcl-xL.25–32 Bcl-2-deficient mice show reduced numbers
of mast cells in the stomach mucosa, although numbers
of cutaneous mast cells are comparable to wild-type
controls.33 Recently, bone marrow mast cells of patients
with systemic mastocytosis have been reported to
strongly express bcl-xL.34 In contrast, expression of bcl-2
was absent or low, with the exception of two patients with
mast cell leukemia that exhibited higher levels of bcl-2 in
their bone marrow.34,35

In the present study, we show for the first time that
bcl-2 expression is strongly enhanced in cutaneous mast
cells of patients with different forms of mastocytosis,
whereas expression of bcl-xL is mainly unaltered or only
slightly increased in lesions of short duration. In the same
patients, bone marrow infiltrates fail to express bcl-2, but
strongly express bcl-xL. These results further support the
concept that alterations in the control of apoptosis may
contribute to accumulation of mast cells in mastocytosis
and also suggest that survival of cutaneous mast cells in
this disease may be differentially regulated compared to
bone marrow mast cells.

Materials and Methods

Patients and Tissue Samples

Cutaneous biopsies were obtained from a total of 39
patients with mastocytosis for diagnostic purposes. The
diagnosis of mastocytosis with cutaneous involvement
was made on the basis of clinical appearance and an
increase of mast cells on histology, according to pub-
lished criteria.3,4 Paraffin-embedded sections of 32 mas-
tocytosis patients (12 adult and 20 pediatric patients)
were analyzed by immunohistochemistry and compared
with 7 healthy controls. Out of the 32 patients, 12 adults
and 6 children had maculopapular cutaneous mastocy-
tosis (urticaria pigmentosa), 7 children had solitary mas-
tocytomas, and 7 children had multiple mastocytomas.4,5

Lesional mast cell counts of skin biopsies were 6.58 �
1.75 mast cells/mm2 (mean � SEM) in 12 adult mastocy-
tosis patients and 39.68 � 5.31 mast cells/mm2 in 20
pediatric patients (29.23 � 6.42 mast cells/mm2 in 6

maculopapular mastocytosis, 38.81 � 5.90 mast cells/
mm2 in 7 solitary mastocytoma, and 49.50 � 11.73 mast
cells/mm2 in 7 multiple mastocytoma patients), com-
pared with 1.01 � 0.07 mast cells/mm2 in 7 healthy
controls. In addition, small snap-frozen pieces of 9 mas-
tocytosis biopsies (2 biopsies that had also been used for
immunohistochemical staining and 7 additional biopsies
of different patients with mastocytosis) from 3 adult pa-
tients with maculopapular mastocytosis and 6 pediatric
patients with maculopapular mastocytosis or mastocyto-
mas as well as frozen tissue of 6 healthy controls were
used for RNA isolation.

Out of the12 adult patients analyzed by immunohisto-
chemistry, 5 patients with systemic mastocytosis3 asso-
ciated with maculopapular cutaneous mastocytosis were
chosen who had both a skin and bone marrow biopsy
within the same year and their paraffin-embedded bone
marrow biopsies were also investigated by immunohisto-
chemistry. All patients displayed focal dense infiltrates of
mast cells in the bone marrow. In 4 of these patients,
tryptase levels were available and showed comparable
systemic involvement (range of tryptase levels, 60.7 to
72.3 �g/L; mean, 67.3 �g/L; n � 4; measured by UniCAP
Tryptase Fluoroenzyme Immunoassay, Pharmacia Diag-
nostics, Uppsala, Sweden).

Most of the adult patients analyzed in this study were
tested in the past for the presence of a codon 816 c-kit
mutation and were all found to express this mutation.7

Written, informed consent was obtained from all patients
and controls before biopsies were performed. The study
was approved by the ethical committee of the Humboldt
University, Berlin, Germany.

Immunohistochemistry

For analysis of mast cells in cutaneous biopsies, all sec-
tions were first stained with toluidine blue at pH 0.5 for 24
hours, and costaining of mast cells with antibodies
against bcl-2 and bcl-xL was then assessed in serial
sections, as previously described.36,37 Before exposure
to antibodies, antigen unmasking was performed by in-
cubating the skin sections in a commercial antigen
retrieval buffer (pH 9.9) (Target Retrieval Solution; Dako-
Cytomation, Hamburg, Germany) for 30 minutes at 95°C.
Immunoreactivity for bcl-2 and bcl-xL was then investi-
gated using a mouse anti-human bcl-2 mAb (clone 100/
D5; dilution 1:100; Zymed Laboratories, South San Fran-
cisco, CA), a mouse anti-human bcl-xL mAb (clone
7B2.5; dilution 1:500; DPC Biermann, Bad Nauheim,
Germany), and the alkaline phosphatase anti-alkaline
phosphatase (APAAP) technique.37 Optimal dilutions of
the antibodies were tested with appropriate positive and
negative control specimens such as tonsils or tumors.
Evaluation of skin sections was performed by recording
the distribution of positive cells and by counting the num-
bers of toluidine blue-positive and immunoreactive mast
cells in at least five microscopic fields at high-power
magnification (�400). Data are expressed as percentage
(mean � SEM) of bcl-2- or bcl-xL-positive mast cells.

To compare the expression of bcl-2 and bcl-xL in skin
and bone marrow sections and to exclude differences
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due to methodology, 5 adult patients with systemic mas-
tocytosis who had both a skin and bone marrow biopsy
within the same year were chosen and their skin sections,
which had previously been stained by the APAAP tech-
nique, as well as their bone marrow sections, were also
pretreated by incubation in 10 mmol/L citrate buffer at pH
6.0 in a microwave oven at 750 W three times for 4
minutes each and stained using a mouse anti-human
bcl-2 mAb (clone 124; dilution 1:40; DakoCytomation), a
mouse anti-human bcl-xL mAb (clone H-5; dilution 1:100;
Santa Cruz Biotechnology, Santa Cruz, CA), and a com-
mercial immunohistochemistry kit (EnVision AP; DakoCy-
tomation). Again, optimal dilutions of the antibodies were
tested with appropriate positive and negative controls. In
the cutaneous sections, the APAAP and the EnVision AP
technique showed the same results. For detection of
mast cell infiltrates in the bone marrow sections, staining
with chloroacetate esterase was performed on serial sec-
tions and compared to staining reactions obtained with
the antibodies against bcl-2 and bcl-xL. In these 5 pa-
tients, the intensity of the EnVision AP-stained cutaneous
and bone marrow sections was evaluated semiquantita-
tively and graded as 0 (bone marrow: reactivity in �5% of
dense focal infiltrates containing mast cells; skin: reac-
tivity in �5% of mast cells), 1 (bone marrow: reactivity in
5% to 35% of infiltrates; skin: reactivity in 5% to 35% of
mast cells), 2 (bone marrow: reactivity in 35% to 65% of
infiltrates; skin: reactivity in 35% to 65% of mast cells), or
3 (bone marrow: reactivity in �65% of infiltrates; skin:
reactivity in �65% of mast cells).

RT-PCR

Total RNA was isolated from frozen skin biopsies using
the RNeasy Kit (Qiagen, Hilden, Germany) and treated
with RNase-free DNase I (Roche Molecular Biochemi-
cals, Mannheim, Germany). After isopropanol precipita-
tion, 1 �g of total RNA was reverse-transcribed with
M-MLV Reverse Transcriptase (Life Technologies,
Karlsruhe, Germany) using random hexamers. Polymer-
ase chain reaction (PCR) was performed using the fol-
lowing primers for bcl-2: 5�- CAGCTGCACCTGACGC-
CCTT-3� and reverse 5�- CCCAGCCTCCGTTATCCT-
GGA-3�, the following primers for bcl-xL: 5�- AGGCAG-
GCGACGAGTTTGAACTG-3� and reverse 5�-CAGGAAC-
CAGCGGTTGAAGCGT-3�, the following primers for
tryptase: 5�- GGAGCTGGAGGAGCCCGTGA-3� and re-
verse 5�- ACCTGGGTAGGAAGCAGTGGTG-3�, and the
following primers for GAPDH: 5�-GCTGTAGCCAAAT-
TCGTTGTC-3� and reverse 5�- GATGACATCAGAAGGT-
GGTG-3�. In all experiments, PCR conditions were stan-
dardized using a master mixture containing Taq
polymerase, MgCl2, and 2 �l cDNA/50 �l PCR volume.
PCR products were purified using the QIAquick Nucleo-
tide Removal Kit (Qiagen) and spectrofluorometrically
quantified using the double-stranded DNA-binding dye
PicoGreen (Molecular Probes, Leiden, Netherlands). Re-
sults are given in ng bcl-2, bcl-xL or tryptase mRNA/ng
GAPDH mRNA.

Cells

The human basophilic cell line KU-812 (kindly provided
by the Institute for Allergy Research, Borstel, Germa-
ny),38 known to express non-mutated c-kit,7 was main-
tained in RPMI 1640 supplemented with 20% fetal calf
serum, 2 mmol/L L-glutamine, antibiotics, and 0.04%
2-mercaptoethanol. Primary cord blood-derived mast
cells were obtained from mononuclear cells of heparin-
ized umbilical cord blood after incubation with a selective
medium containing 100 ng/ml SCF (Peprotech, Rocky
Hill, NJ) for 8 to 12 weeks, as described.39 Mast cell
development was confirmed by toluidine blue staining
and fluorescence-activated cell sorter analysis of
tryptase and KIT expression.

Western Blot Analysis

KU-812 cells and cord blood-derived mast cells were
cultured with or without 100 ng/ml SCF (Peprotech) for 48
hours, lysed, and concentration of total protein was mea-
sured using a Bradford assay (Bio-Rad Laboratories,
Hercules, CA). Fifty �g of each protein sample was elec-
trophoresed on sodium dodecyl sulfate gels containing
15% polyacrylamide and transferred to nitrocellulose fil-
ters. Equal loading and transfer of proteins was ensured
by staining with Ponceau S. Bcl-2 protein was detected
using a mouse anti-human bcl-2 mAb (clone 100; dilution
1:200; Santa Cruz Biotechnology) and bcl-xL was de-
tected using a mouse anti-human bcl-xL mAb (clone H-5;
dilution 1:200; Santa Cruz Biotechnology), followed by a
horseradish peroxidase-conjugated rabbit anti-mouse
antibody (DakoCytomation). Immunoblots were visual-
ized with an ECL chemiluminescence detection system
(Amersham Pharmacia Biotech, Little Chalfont, Bucking-
hamshire, UK). Optical densities of immunoreactive
bands were monitored using Quantity One software (Bio-
Rad Laboratories).

Statistical Analysis

Statistical differences were evaluated using Student’s t-
test for unpaired values. P values were determined by a
two-sided calculation, and a P value of less than 0.05 was
considered significant.

Results

Expression of Bcl-2 Protein Is Enhanced in
Cutaneous Mastocytosis Lesions

To study the expression of apoptosis-preventing mole-
cules in cutaneous biopsies of mastocytosis patients,
paraffin-embedded sections of 32 patients with different
forms of mastocytosis and 7 healthy controls were ana-
lyzed by immunohistochemistry using antibodies against
bcl-2 and bcl-xL (Table 1; Figure 1, A and B). In patients
with mastocytosis, the expression of bcl-2 protein in mast
cells was significantly enhanced compared to controls
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(Table 1; Figure 1A), suggesting that prolonged survival
of mast cells may, at least in some patients, be associ-
ated with increased mast cell numbers. In contrast, mast
cell immunoreactivity for bcl-xL was comparable be-
tween mastocytosis and control skin (Table 1; Figure 1B),
although a high variation of bcl-xL expression was ob-
served with up-regulation in about half of all patients.
Evaluating different subgroups of patients (Table 1), all

groups showed an increased reactivity for bcl-2 in le-
sional mast cells, with most pronounced levels in macu-
lopapular mastocytosis of adult onset, and none of the
patient groups showed a significantly altered expression
of bcl-xL, even though a tendency for enhanced levels of
bcl-xL was noted in solitary mastocytomas. These lesions
had also the lowest duration, namely a mean duration of
2.83 months, compared to 25 months in multiple masto-
cytomas, 10.5 months in maculopapular mastocytosis of
childhood onset, and 11.18 years in maculopapular mas-
tocytosis of adult onset.

In keratinocytes, hair follicles, sweat glands, seba-
ceous glands, and endothelial cells, bcl-2 protein was
variably expressed, ranging from staining throughout the
epidermis to restriction of reactivity to basal keratinocytes
(Figure 1A) or lack of epithelial expression at all. There
was no significant difference of epithelial bcl-2 staining
between mastocytosis and control skin, and a relation-
ship between epidermal and mast cell reactivity could not
be established either. For bcl-xL, variable immunoreac-
tivity was also observed in epithelial cells, especially in
basal keratinocytes (Figure 1B).

Enhanced Expression of Bcl-2 mRNA in
Cutaneous Mastocytosis Lesions

To quantify the expression of bcl-2 and bcl-xL mRNA in
mastocytosis skin, RT-PCR was performed using frozen
cutaneous biopsies of 9 patients with mastocytosis (3
adult and 6 pediatric patients) and 6 healthy controls
(Figure 2). Tryptase mRNA, which is predominantly ex-
pressed in mast cells, was also measured and served as
positive control (data not shown). In accordance with the
immunohistochemistry data, expression of bcl-2 mRNA
was significantly enhanced in mastocytosis patients (Fig-
ure 2). Analyzing adult and pediatric patients separately,
both patient groups showed an increased expression of
bcl-2. Mean bcl-2 levels in children exceeded that in
adults, although there was no statistically significant dif-
ference between the two patient groups. In addition, a
small but significant increase of bcl-xL mRNA was seen
in all mastocytosis patients as well as in the pediatric
subgroup, but not in the adult group, confirming the
observed tendency for enhanced bcl-xL protein expres-
sion in children with solitary mastocytomas. As antici-

Table 1. Percentage of Cutaneous Mast Cells Reactive for Bcl-2 and Bcl-xL in Patients with Different Forms of Mastocytosis and
Healthy Controls

Patient groups

Bcl-2 Bcl-xL

Mean � SEM (%) n P value Mean � SEM (%) n P value

All patients with mastocytosis 44.8 � 4.64 32 0.000 18.99 � 4.41 30 0.729
All mastocytosis patients with adult onset 53.58 � 8.18 12 0.000 15.30 � 8.12 12 0.993
Maculopapular mastocytosis, adult onset 53.58 � 8.18 12 0.000 15.30 � 8.12 12 0.993
All mastocytosis patients with childhood onset 39.59 � 5.23 20 0.000 21.44 � 4.88 18 0.570
Maculopapular mastocytosis, childhood onset 28.22 � 6.27 6 0.045 17.50 � 10.26 6 0.887
Solitary mastocytomas, childhood onset 47.14 � 8.93 7 0.007 27.17 � 6.48 6 0.326
Multiple mastocytomas, childhood onset 41.79 � 9.49 7 0.019 19.67 � 7.66 6 0.735
All patients with maculopapular mastocytosis 45.13 � 6.48 18 0.000 16.03 � 6.41 18 0.956
All patients with mastocytomas 44.46 � 6.55 14 0.000 23.42 � 5.13 12 0.460
Healthy controls 9.43 � 3.65 7 15.41 � 8.30 7

Figure 1. Expression of bcl-2 (A and C) and bcl-xL protein (B and D) in
cutaneous (A and B) and bone marrow lesions (C and D) of mastocytosis.
Immunohistochemical staining of paraffin-embedded sections of skin and
bone marrow biopsies of patients with mastocytosis was performed using
antibodies against bcl-2 and bcl-xL and the EnVision AP kit (DakoCytoma-
tion). Note bcl-2 staining of practically all dermal mast cells crowding the
dermis, and of some basal epidermal cells in a solitary mastocytoma (A). In
contrast, only rare dermal mast cells and some basal keratinocytes of the
same mastocytoma react with bcl-xL (B). Bone marrow infiltrates of patients
with systemic mastocytosis, on the other hand, fail to express bcl-2 (C), but
show pronounced expression of bcl-xL (D). Original magnification: �400 (A
and B); �250 (C and D).

822 Hartmann et al
AJP September 2003, Vol. 163, No. 3



pated, patients were also found to express increased
levels of tryptase mRNA, compared to controls (2.97 �
0.31 ng/ng GAPDH mRNA (mean � SEM) in 9 mastocy-
tosis patients versus 1.03 � 0.21 ng/ng GAPDH mRNA in
6 healthy controls, P � 0.000).

Expression of Bcl-xL, but not Bcl-2 Protein, is
Enhanced in Bone Marrow Infiltrates of Patients
with Systemic Mastocytosis

In contrast to the observed overexpression of bcl-2 in
cutaneous mastocytosis lesions, a recent study has re-
ported that mast cell infiltrates in bone marrow of patients
with systemic mastocytosis are associated with en-
hanced levels of bcl-xL, but usually fail to express bcl-
2.34 To make sure that the contrasting expression of bcl-2
and bcl-xL in skin and bone marrow lesions is not related
to differences in immunohistochemical methods or pa-
tient material, bone marrow biopsies from 5 adult patients
with systemic mastocytosis associated with cutaneous
lesions and cutaneous biopsies of the same 5 patients
were analyzed for expression of bcl-2 and bcl-xL by
immunohistochemistry using exactly the same method. In
all 5 patients, an increased expression of bcl-2 protein in
cutaneous mast cells had previously been observed us-
ing the APAAP technique (Table 1). In bone marrow
infiltrates of these 5 patients, only low or absent expres-
sion of bcl-2 (Table 2; Figure 1C), but marked expression
of bcl-xL (Table 2; Figure 1D) was found. Using the same
staining procedures, cutaneous mastocytosis sections
again showed marked immunoreactivity for bcl-2, but not

for bcl-xL (Table 2), thus confirming that patients with
systemic mastocytosis show enhanced expression of
bcl-2 in cutaneous mast cells and at the same time over-
expression of bcl-xL in bone marrow lesions.

Activation of c-kit Is Associated with Enhanced
Expression of Bcl-2 Protein in Vitro

Somatic mutations causing constitutive activation and
phosphorylation of KIT are known to be associated with
all sporadic adult and with rare atypical pediatric masto-
cytosis.7,8 To assess whether activation of c-kit may be
linked to an altered expression of bcl-2 and bcl-xL, the
basophilic precursor cell line KU-812 expressing non-
mutated c-kit was stimulated with the KIT ligand SCF for
48 hours, and the expression of bcl-2 and bcl-xL protein
was analyzed by Western blotting (Figure 3A). The results
indicated that c-kit activation leads to a marked up-reg-
ulation of bcl-2. In comparison, the expression of bcl-xL
was mainly unaltered or only slightly increased after treat-
ment with SCF (data not shown). In accordance, primary
cord blood-derived mast cells cultured in SCF showed
strongly enhanced levels of bcl-2 (Figure 3B) and only
slightly up-regulated bcl-xL levels (data not shown), com-
pared to cells deprived of SCF for 48 hours, confirming
our previous study using human mast cells cultured from
peripheral blood.30

Discussion

In this study, we provide evidence that the anti-apoptotic
molecule bcl-2 is overexpressed in mast cells of cutane-
ous mastocytosis lesions. Expression of the related ap-
optosis-preventing molecule bcl-xL in cutaneous mast
cells was, in contrast, largely comparable to healthy con-
trols. In comparison, some of the same patients with
systemic mastocytosis failed to express bcl-2 but over-
expressed bcl-xL in their bone marrow lesions. Further-
more, up-regulation of bcl-2 was found in human mast
cell cultures after stimulation of c-kit.

Overexpression of bcl-2 and bcl-xL has been linked to
a variety of different cancers, including many hematopoi-
etic malignancies.19–23 Although the mechanism by
which bcl-2 family proteins promote neoplasia is not fully
understood, it is well accepted that enhanced expression
of bcl-2 and bcl-xL allows cells to live longer and thus to

Figure 2. Cutaneous expression of bcl-2 mRNA is significantly enhanced in
mastocytosis. Analyzing adult and pediatric patients separately, both patient
groups show a significant increase of bcl-2 mRNA. In addition, significantly
enhanced levels of bcl-xL mRNA are observed in all patients as well as in the
pediatric subgroup. Total RNA of frozen cutaneous biopsies of 9 patients
with mastocytosis (3 adult and 6 pediatric patients) and 6 healthy controls
was isolated and expression of bcl-2 and bcl-xL mRNA analyzed by RT-PCR.
Results are presented as relative expression of bcl-2 and bcl-xL mRNA,
compared to mRNA levels of the housekeeping gene GAPDH, and expressed
as means � SEM. * indicates P � 0.05; §, P � 0.01; �, P � 0.005 and #, P �
0.001 compared with controls.

Table 2. Intensity of Immunoreactivity for Bcl-2 and Bcl-xL
in Bone Marrow Infiltrates Compared to Cutaneous
Lesions in Five Adult Patients with Systemic
Mastocytosis

Patient
number

Bone marrow Skin

Bcl-2
(Score)

Bcl-xL
(Score)

Bcl-2
(Score)

Bcl-xL
(Score)

1 0–1 3 2 0
2 0 2–3 2 0
3 0 2 1 0
4 0 2 2 0
5 0 1 2 0
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accumulate genetic alterations.11,22 Two previous stud-
ies have addressed the role of bcl-2 proteins in masto-
cytosis.34,35 Using immunohistochemistry, Jordan et al34

have demonstrated that mast cells in focal bone marrow
infiltrates of adult patients with systemic mastocytosis
show strong immunoreactivity for bcl-xL, but usually fail
to express bcl-2. Out of 22 patients investigated, only one
patient with mast cell leukemia was found to express
bcl-2 in a small fraction of bone marrow mast cells. In
accordance, Cervero et al35 have reported on one patient
with mast cell leukemia and overexpression of bcl-2, as
assessed by quantitative flow cytometry, in bone marrow
mast cells as well as peripheral blood mast cells that
were present in this case. Eight other patients with indo-
lent systemic mastocytosis expressed normal levels of
bcl-2 in bone marrow mast cells.35 The present study
shows, on the other hand, overexpression of bcl-2 and
largely unaltered expression of bcl-xL in cutaneous mast
cells in different forms of mastocytosis (Table 1; Figure 1,
A and B; Figure 2). In addition, overexpression of bcl-xL
compared to low or absent expression of bcl-2 in bone
marrow lesions of patients with systemic mastocytosis
was confirmed (Table 2; Figure 1, C and D). These find-
ings demonstrate for the first time that dysregulation of
apoptosis leading to prolonged survival of mast cells is
operative not only in bone marrow mast cells, but also in
cutaneous mast cells. Since mastocytosis is thought to
represent a clonal disease,40,41 it can also be assumed
that the up-regulation of bcl-2 in cutaneous mast cells as
well as the overexpression of bcl-xL in bone marrow mast

cells are not primary pathological defects, but rather
secondary events following other survival-promoting sig-
nals present in mastocytosis mast cells.

Adult patients with sporadic mastocytosis are known to
carry activating mutations of c-kit.6–8 To investigate
whether activation of mast cells via c-kit induces en-
hanced expression of bcl-2 and bcl-xL, immunoblotting
experiments with mast cell cultures were performed (Fig-
ure 3). Using two different mast cell systems, we found
that stimulation of c-kit in vitro leads to marked overex-
pression of bcl-2 and, less pronounced, also to en-
hanced levels of bcl-xL. This, in part, is in agreement with
our previous study on human mast cells cultured from
peripheral blood CD34� progenitor cells that exhibited a
decreased expression of bcl-2 as well as bcl-xL after
deprivation of SCF.30 In accordance with our present
data, a study was published while this paper was under
revision demonstrating up-regulation of bcl-2 in human
lung mast cells as well as in the human mast cell line
HMC-1 in response to treatment with SCF by RT-PCR and
immunocytochemistry.32 In addition, another group has
also observed up-regulation of bcl-2 mRNA, but not
bcl-xL mRNA, in rat peritoneal mast cells following incu-
bation with SCF.26

Our in vitro findings point to the possibility that activat-
ing c-kit mutations present in adult sporadic mastocytosis
may be associated with bcl-2 overexpression in cutane-
ous mast cells. However, a similarly enhanced expres-
sion of bcl-2 was also observed in pediatric patients who
fail to carry these activating mutations.7,8 It can, there-
fore, be speculated that other defects, which finally lead
to the same apoptosis-inhibiting mechanism, are opera-
tive in pediatric mastocytosis. Since mastocytosis is
known to resolve spontaneously in about half of all pedi-
atric patients, especially in patients with mastocytomas42

who were shown here to also express significantly en-
hanced bcl-2 levels, it can also be assumed that overex-
pression of bcl-2 in cutaneous mast cells represents, at
least in some patients, a temporary rather than a stable
defect. In contrast to bcl-2 upregulation, however, over-
expression of bcl-xL in bone marrow lesions has so far
only been demonstrated in adult patients usually associ-
ated with c-kit mutations and, thus, it cannot be excluded
that bcl-xL up-regulation is more directly linked to c-kit
mutations.

In lymphocytes, bcl-2 and bcl-xL have been shown to
be expressed in reciprocal patterns during development
and maturation.14,15 While bcl-2 plays a critical role in
controlling long-term survival and maintenance of resting
cells, bcl-xL appears to mainly regulate survival during
early development and after activation of T- and
B-cells.11,15 Our data demonstrating preferential expres-
sion of bcl-2 in the more mature cutaneous mast cells, in
contrast to the expression of bcl-xL in immature bone
marrow mast cells,34 suggest that bcl-2 and bcl-xL are
also differentially regulated during the life-span of a mast
cell. Supporting this concept, a tendency for enhanced
bcl-xL protein levels and significantly increased bcl-xL
mRNA levels were observed in pediatric patients with
mastocytosis lesions of short duration (Table 1; Figure 2).
In addition, two studies have shown that activation of

Figure 3. C-kit activation leads to up-regulation of bcl-2 expression in vitro.
The basophilic cell line kU-812 (A) and primary cord-blood-derived mast
cells (B) were each cultured in the absence or presence of 100 ng/ml SCF for
48 hours and the expression of bcl-2 was analyzed by Western blotting. Data
are representative of three to four independent experiments with similar
results.
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Fc�RI in murine mast cells is associated with increased
expression of bcl-xL, but not bcl-2, paralleling the find-
ings in lymphocytes.29,31 However, systematic studies on
the precise roles of bcl-2 and bcl-xL in mast cells are still
missing.

Recent studies have shown that several transcription
factors are able to modulate KIT-associated bcl-2 and
bcl-xL expression, ie, experiments with transfected cell
lines have demonstrated that the c-kit mutation in codon
816 typical for mastocytosis leads to activation of STAT3
(signal transducer and activator of transcription 3) and
STAT1 via the phosphatidylinositol-3-kinase/Akt pathway
followed by up-regulation of the STAT3 downstream tar-
get bcl-xL.43 In addition, the hematopoietic transcription
factor GATA1 has been shown to take part in controlling
SCF-mediated expression of bcl-2 and bcl-xL in erythroid
progenitor cells.44 GATA1 has also been found to play an
essential role during mast cell differentiation in vivo.45 It
can therefore be speculated that certain transcription
factors such as STAT3 and GATA1 may be involved in
modulating the expression of bcl-2 and bcl-xL in masto-
cytosis. Studies are underway to explore the role of these
transcription factors in different forms of mastocytosis.

The present study, demonstrating overexpression of
the anti-apoptotic molecule bcl-2 in mast cells of cutane-
ous mastocytosis lesions compared to overexpression of
the related molecule bcl-xL in bone marrow infiltrates of
systemic mastocytosis, may help to explain the patho-
genesis of the disease in patients with and without c-kit
mutations. In addition, the present data suggest that
bcl-2 and bcl-xL may regulate different functions during
the development of mast cells. Finally, our results may
serve to develop new strategies for the treatment of mas-
tocytosis, in analogy to in vitro and in vivo studies in
various other neoplastic diseases expressing bcl-2
where bcl-2 antisense oligonucleotides were effective in
either directly reducing tumor growth or in enhancing
their sensitivity to chemotherapy, radiation or also to ad-
ditional antisense oligonucleotides.46–51 Whether bcl-2
antisense oligonucleotides are also able to induce apo-
ptosis of mast cells or to chemosensitize mast cells,
remains to be studied in future experiments.
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