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Background: Systemic mastocytosis is a rare disease characterized by proliferation of mast
cells in one or more organs. The origin of the mast cells is still debated, although it has been
recently shown that they derive from CD34" hematopoietic progenitors. Some clinical and in
vitro studies have suggested a possible link between myeloproliferative disorders and systemic
mast cell disease.

Objective: This study was designed to further evaluate the association between systemic mast

cell disease and other hematologic disorders by means of conventional cytogenetic analysis

and fluorescent in situ hybridization.

Methods: We used cytogenetic analysis and fluorescent in situ hybridization with probes to
chromosomes 8 and 9 in six patients with systemic mast cell disease.

Results: Fluorescent in situ hybridization helped to identify five patients with trisomy 9 and
one with trisomy 8. In contrast, chromosomal analysis demonstrated an abnormal karyotype

(45,X0/46,XY) in only one patient.

Conclusion: The association between myeloproliferative disorders and systemic mast cell
disease may be explained by the finding that trisomy 9 and trisomy 8 are common in both
disorders. A trisomy was detected in all of the patients in our small group compared with
nearly 40% of previously reported patients with myeloproliferative disorders. FISH is more
sensitive than conventional cytogenetics in detecting these aberrations. (J Allergy Clin

Immunol 1996;98:199-204.)
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Systemic mastocytosis is a rare disease charac-
terized by the proliferation of mast cells in one or
more organs.! The clinical manifestations range
from benign infiltration of the skin or urticaria
pigmentosa, to a generalized form, systemic mas-
tocytosis, or even to a mast cell leukemia.? Bone
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Abbreviations used

FISH: Fluorescent in situ hybridization
MPDs: Mpyeloproliferative disorders
SMCD: Systemic mast cell disease

marrow or other extracutaneous biopsy specimens
are often required for the diagnosis of the dis-
ease.™?

Mast cell precursors arise from pluripotential
bone marrow—derived stem cells and migrate
through the blood stream and lymphatics to spe-
cific sites within the body where they reach pheno-
typic maturation under certain microenvironmen-
tal influences.* Two principal cytokines that
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promote mast cell proliferation, maturation, or
both have been identified: IL-3 and stem cell
factor, the ligand of the c-kif tyrosine kinase recep-
tor.>7 IL-3 appears to be important for early mast cell
proliferation,® whereas stem cell factor, which is
produced by stromal cells, maintains mast cell viabil-
ity and promotes maturation.* 19 Recently, the pro-
genitor for human mast cells was identified in bone
marrow!! and peripheral blood!? and characterized
as CD347, ¢-kit™, Ly~, CD14™~, and CD17" colony-
forming cells. Moreover, Nagata et al.'® analyzed
peripheral blood mononuclear cells of 10 patients
with mastocytosis for the presence of a genetic ab-
normality of c-kit. They reported that a subset of
patients with mastocytosis had a point mutation in
c-kit (ASP816val) in contrast to 67 normal subjects
who did not have the mutation and suggested that
this mutation may have a pathogenetic significance.
Thus mast cells are most probably replenished di-
rectly from hemopoietic progenitors and constitute a
unique cell lineage within the hemopoietic system.

A clinical association between systemic mast cell
disease (SMCD) and other hematologic disorders,
especially myeloproliferative disorders (MPDs)
has been reported.’ 1* 15 Chromosomal abnormal-
ities involving mainly chromosomes 1, 8, 9, 13, and
20 are detected in up to 40% of patients with
polycythemia vera or essential thrombocytosis. In
contrast, cytogenetic studies have been reported in
only a few patients with mastocytosis in whom a
normal karyotype was found.'®!” Swolin et al.l®
found that five of 13 patients with mastocytosis had
chromosome abnormalities and abnormal in vitro
growth patterns or abnormal hematologic values.
Three patients with chromosome abnormalities
showed an abnormal growth pattern but normal
peripheral blood values. Two patients with
SMCD had clones with chromosome abnormal-
ities (46,XY/46,XY,—16 +mar and 46,xx/46,xx
del (5) [q21 g31]) and some abnormal hemato-
logic values (thrombocytosis and mild eosino-
philia). These results were suggestive of an
MPD, and an association between SMCD and
MPDs was proposed.

To further evaluate the chromosomal abnormal-
ities in mastocytosis, we studied six patients with
SMCD with two complementary methods: cytoge-
netic analysis and fluorescent in situ hybridization
(FISH). Because trisomies 9 and 8 are common in
MPDs, biotin-labeled a and B satellite DNA
probes, for chromosomes 8 and 9, respectively,
were used to detect possible abnormalities in these
chromosomes by FISH.
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METHODS
Patients

Six patients with SMCD who were followed up by
physicians in the Allergy-Immunology or Hematology
unit at Meir Hospital were evaluated. In five patients the
diagnosis was establised by bone marrow biopsy: speci-
mens demonstrated paratrabecular and perivascular
mast cell infiltrates. Mast cells were also noted focally,
away from blood vessels or bony trabeculae resembling
granulomas. In the last patient the diagnosis was based
on a characteristic clinical presentation and histopathol-
ogy of a skin lesion. All patients received only symptom-
atic treatment. Three age- and sex-matched healthy
volunteers and three patients with active allergic disor-
ders served as control subjects. The patients and the
control subjects gave written informed consent for the
study, and the protocol was approved by the hospital
human research committee.

Probes

The biotin-labeled o satellite of chromosome 8§
(D8Z1) and the biotin-labeled B satellite of chromo-
some 9 (D9Z5), from Oncor (Gaithersburg, Md.), were
used in this study.

Cytogenetic studies

Peripheral blood (2 X 10° cells/ml) was incubated in
RPMI-1640 medium (Gibco, Grand Island, N.Y.) with
20% fetal calf serum without any mitogens. Cells were
harvested after 3 to 4 days according to standard proce-
dures.1® 1 At least 20 metaphases were obtained. They
were analyzed without knowledge of the FISH results.

Unstained slides for FISH were stored at —20° C until
the time of hybridization. FISH was done according to
the method of Pinkel et al?® Fresh or frozen slide
spreads were treated with ribonuclease (100 pg/ml) at
37°C for 1 hour. The slide preparations were then
denatured for 2 minutes in 70% formamide/2X standard
saline citrate at 70°C and dehydrated in a graded
ethanol series. The probe was then applied to air-
warmed slides (30 wl mix per slide sealed with a 24 X 50
mm glass coverslip) and hybridized for 18 hours at 37° C
in a moist chamber. After hybridization, the slides were
washed in 50% formamide/2 X standard saline citrate
for 20 minutes at 43° C, rinsed twice in 2X standard
saline citrate at 37° C for 4 minutes each, and placed in
0.05% Tween-40 (Sigma Chemical Co., St. Louis, Mo.).
Fluorescence detection was performed by alternating
layers of fluorescein isothiocyanate—avidin (5 pg/ml) and
anti-avidin antibody (Vector Laboratories, Burlingame,
Calif.) until two layers of fluorescein isothiocyanate—
avidin had been applied. Each layer was incubated for 30
minutes at 37° C under a plastic coverslip in a moist
chamber. Slides were washed in 0.05% Tween-40 buffer
at room temperature between applications.

Preparations were counterstained in a propidium io-
dide antifade solution and analyzed by an Olympus BHS
fluorescent microscope (Olympus America, Inc., Suc-
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FIG. 1. FISH studies with a chromosome 9-specific p satellite DNA probe. Two copies of
chromosome 9 are seen in a nucleus of a normal control subject.

TABLE I. Study population: Demographic characteristics, clinical presentation, and results of

imaging and diagnostic procedures

Skeletal Bone
Patient Age x-ray densitometry Diagnostic
No. (yr) Sex Presentation findings (gm/cm?)* procedure
1 40 M Pruritis Normal 1.34 (100%) B & BM biopsy
2 64 M Rash + back pain Normal 1.057 (88%) B & BM biopsy
3 60 F Back pain no. L1-4 0.567 (60%) B & BM biopsy
4 60 M Rash + back pain no. D10,L4 0.89 (86%) B & BM biopsy
5 59 F Back pain no. D6,7,11 0.789 (73%) B & BM biopsy
6 19 F Rash Normal ND ND

B, Bone; BM, bone marrow; ND, not done.
*Values in parentheses indicate percent of normal value.

cess, N.Y.) equipped with fluorescein isothiocyanate-avi-
din filter (450 to 490 pm). Two fluorescent spots demon-
strated the normal two copies of chromosome 8 or 9 (Fig.
1), whereas three spots indicated a trisomic cell. The slides
were scored in blinded fashion. The cutoff level for the
presence of trisomy was defined as the highest percentage
of three spots among the control specimens (2.5%) plus 2
standard deviations (2.4). Thus a patient with 5% or more
cells with trisomy, as demonstrated by FISH, was consid-
ered to have the cytogenetic aberration. Similar cutoff
levels were previously suggested.?123

RESULTS

The study group comprised six patients, three
women and three men, 19 to 64 years old (mean
age, 50.3 years). Four patients were first seen with
low back pain (two of them also had the typical
rash of urticaria pigmentosa), and the other two
were first seen with long-standing pruritus. Their

clinical characteristics, laboratory and imaging
findings, and results of diagnostic procedures are
presented in Table 1. All patients had normal
blood counts and normal liver function test results.
Abdominal computed tomographic scans did not
disclose any major abnormality. In two patients
osteoporosis and bone fractures were the only
findings suggestive of mastocytosis. All patients,
except patient 6, who refused the procedure, un-
derwent undecalcified bone marrow biopsy; and
specimens were processed as previously de-
scribed.?* Each specimen demonstrated interstitial
perivascular and paratrabecular infiltration of mast
cells between normal marrow elements. Granulo-
mas composed of mast cells and lymphoid aggre-
gates, interspersed with mast cells, were also seen.
Patients 1 and 6 underwent skin biopsy, and spec-
imens showed typical histopathologic findings of
urticaria pigmentosa.
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FIG. 2. FISH studies with a chromosome 9-specific B-satellite DNA probe. Three copies of the
chromosome (three fluorescent signals) are seen in an interphase nucleus of a patient with

systemic mastocytosis {no. 1).

TABLE II. Cytogenetic analysis and FISH in
patients with SMCD

Patient No. Cytogenetics FISH 8 (%) FISH 9 (%)
1 45 X0/46, XY  0(83) 24 (105)
2 46 XX 2 (100) 18 (91)
3 46 XY 0(73) 13 (86)
4 46 XY 2 (60) 12 (60)
5 46 XX 17 (30 0(35)
6 46 XX 0(85) 12 (82)

Number of cells studied is indicated in parentheses.

The results of the FISH studies, which were
performed on peripheral blood mononuclear cells
in every patient, are presented in Table II. FISH
enabled us to detect trisomy 9 in five patients (Fig.
2) and trisomy 8 in one patient. No patient had
more than one chromosomal aberration. Cytoge-
netic analysis yielded a normal karyotype in all
patients, except patient 1 who had 45,X0/46,XY.
All patients with active allergic diseases had tri-
somies in the range of control specimens (<2.5%
of the cells).

DISCUSSION

Trisomy 9 was found in five of six patients
with SMCD as determined by FISH, and trisomy
8 was found in the remaining patient. In con-
trast, conventional cytogenetic analysis demon-
strated an abnormality (45,X0/46,XY) in only
one patient. Thus FISH emerges as a far more
sensitive tool for the study of chromosomal

aberrations in SMCD than the classical cytoge-
netic method.

Trisomies 8 and 9 are commonly found in pa-
tients with MPDs, especially in patients with poly-
cythemia vera® 2 and also in those with other
myeloid malignancies.?’2® An association between
MPDs and SMCD, which possibly derive from a
common stem cell, has previously been suggest-
ed.!-3% 31 Travis et al.! reported that hematologic,
mainly myeloproliferative, syndromes occur in a
relatively high percentage of patients with SMCD.
Lewis et al.** described a 29-year-old woman who
had urticaria pigmentosa, which subsequently pro-
gressed through systemic mastocytosis to a Phila-
delphia chromosome-negative, chronic myeloid
leukemia with t(8:17). A possible link between
MPDs and SMCD was also suggested by in vitro
studies in which long-term culture techniques and
immunophenotypic staining were used. Horton et
al.®* showed that human mast cells grown in cul-
ture expressed ‘“panhematopoietic” cell surface
markers. Denburg et al.** used methylcellulose
cultures to demonstrate the existence of basophil—
mast cell precursors in peripheral blood from
patients with systemic mastocytosis and chronic
myeloid leukemia. Swolin et al.*® used cytogenetic
studies and in vitro growth for bone marrow gran-
ulocytic-macrophage stem cells in 13 patients with
mastocytosis. They showed an abnormal growth
pattern and chromosome abnormalities, which
were also common in patients with MPDs. More-
over, transition to acute nonlymphocytic leukemia,
similar to the terminal blastic phase of an MPD,
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also occurs in SMCD.*-7 Finally, human interfer-
on-o. has been shown to be effective in disease
control in patients with MPDs, as well as in a single
patient with systemic mastocytosis.***® Our find-
ings that patients with SMCD commonly carry
trisomies 9 and 8, chromosomal abnormalities
frequently found in patients with MPDs, lend
further support to the possible association between
these disorders.

It is commonly believed that MPDs have a clonal
origin in a multipotent stem cell that gives rise to
granulocytes, erythrocytes, megakaryocytes, mono-
cytes, and macrophage cells.*! It has been recently
shown that mast cells are replenished from CD34™"
multipotent hematopoietic progenitors in the pres-
ence of mast cell growth factors.!!:12 The presence
of similar chromosomal aberrations in these stem
cell diseases suggests that SMCD is a hematopoi-
etic stem cell disorder similar to MPDs. However,
it is not clear whether these chromosome abnor-
malities represent primary or secondary events in
the malignant transformation. Further study is
needed to identify genes on these chromosomes,
which may have pathogenetic significance when
present in triplicates.

The normal karyotype found in these patients,
despite the presence of trisomy 8 or 9, emphasizes
the limitations of cytogenetic evaluation. It has
been previously demonstrated in different discases
that FISH is more sensitive than cytogenetic anal-
ysis for the detection of numeric chromosomal
abnormalitics. We have previously shown that in
chronic lymphocytic leukemia, FISH detected tri-
somy 12 in 60% of the patients with a normal
karyotype.*> We have also used FISH to identify
trisomies 8 or 9 in seven of 14 patients with
polycythemia vera, none of whom showed these
abnormalities on conventional cytogenetic analy-
sis.?? Similarly, Jankins et al.?® reported that some
patients with myelodysplastic syndromes, MPDs,
and acute myeloid leukemia with normal karyo-
type or with clonal karyotype but without trisomy 8
had an occult trisomy 8 demonstrated by FISH.
The percentage of interphase cells containing
three spots was not high. Because we used two
different probes, however, each of these served as
a control for the other one. In no case were both
trisomies & and 9 present. This indicates that the
finding of a trisomy reflects a true biologic phe-
nomenon.

The advantage of FISH becomes critically im-
portant in diseases in which neoplastic cells fail to
proliferate despite mitogenic activation,** whereas
the existing metaphases represent normal cells and
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therefore show a normal karyotype.** FISH, how-
ever, enables evaluation of both metaphase and
interphase cells*>* and also certain abnormalities
in malignant cells that cannot be detected by
conventional cytogenetics. Because only specific
probes can be used when FISH is performed, at
present it remains a tool complementary to classic
karyotype analysis.

In conclusion, we have demonstrated in this
study that FISH is a sensitive method for the
detection of trisomies 8 and 9 in patients with
systemic mastocytosis. This pattern of involvement
suggests that certain genes on these chromosomes
have an influence on the initiation or progression
of the disease. Our finding may also suggest a
connection between mast cell and myeloid disor-
ders. Clearly, larger studies will be necessary to
verify the pathogenetic and clinical importance of
these abnormalities in SMCD.
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