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Systemic mastocytosis is a stem cell disorder characterized histologically by the presence of multifocal
compact aggregates of mast cells in at least one extracutaneous organ with or without evidence of skin lesions.
The mast cell aggregates are accompanied by fibrosis, which is often significant. However, in spite of its
frequent occurrence and severity, little is known about its characteristics. In this study, we evaluated the
composition of the fibrotic mast cell aggregates by studying eight bone marrow biopsies and two spleens
involved by systemic mastocytosis, and compared the findings with those observed in other fibrotic bone
marrow disorders such as primary myelofibrosis and metastatic malignancy. Histochemistry and immunohis-
tochemistry were used to evaluate: (a) extracellular matrix (reticulin, trichrome, collagen IV, laminin); (b) stromal
reticulum cells (low-affinity nerve growth factor receptor); (c) presence of myofibroblastic differentiation
(smooth muscle actin) and (d) microvessel density (CD34). We found that all cases showed marked reticulin and
collagen fibrosis. However, unlike primary myelofibrosis and metastatic malignancy, which are usually
associated with increased low-affinity nerve growth factor receptor positivity, its expression was low in all
cases of systemic mastocytosis. Myofibroblastic differentiation was only focally detected in two of eight bone
marrow biopsies. In all cases, the systemic mastocytosis lesions were largely devoid of type IV collagen and
laminin. The latter findings were in contrast with those seen in cases of primary myelofibrosis and metastatic
malignancy where smooth muscle actin, collagen IV and laminin were expressed in most cases. Also in contrast
with the other two conditions, only minimal vascularity was detectable within the fibrotic mast cell lesions.
These findings indicate that systemic mastocytosis exhibits a distinct pattern of stromal change, and suggest
that the fibrogenetic mechanism in systemic mastocytosis is most likely different from that of other bone
marrow neoplasms which are also associated with fibrosis.
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Systemic mastocytosis is a stem cell disorder
characterized by a pathological accumulation of
clonal mast cells in one or more organ systems.
The diagnosis of systemic mastocytosis is usually
established by bone marrow examination, although
diagnostic material also can be obtained from other
sites. Bone marrow histology typically shows multi-
ple lesions, which consist of compact clusters or
cohesive mast cell aggregates, often occurring next
to the trabecular bone and/or surrounding vascular

structures.1,2 These multifocal mast cell aggregates
in the bone marrow and/or other extracutaneous
organs represent the major criterion for the diag-
nosis of systemic mastocytosis according to the 2008
World Health Organization classification.2 The
diagnosis of systemic mastocytosis requires, besides
fulfilling the major criterion, at least one of the
minor criteria (or in the absence of the major
criterion, at least three of the minor ones). The
minor criteria include: (1) atypical morphology,
including spindle shape, by 425% of the mast
cells; (2) identification of an activating mutation at
codon 816 of KIT; (3) aberrant expression of CD2
and/or CD25 by the mast cells; and (4) a persistently
elevated level of serum total tryptase (420ng/ml).2

Histologically, the mast cell lesions are character-
istically associated with fibrosis, which is often
significant; the adjacent trabecular bone may be
variably osteosclerotic. The mast cells produce a
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variety of fibrogenic cytokines, including platelet-
derived growth factor, transforming growth factor-b
(TGF-b), and basic fibroblast growth factor.3–5 These
cytokines are involved in numerous inflammatory
and neoplastic conditions in which marrow fibrosis
is encountered and are thus not specific to mast
cells. In addition, mast cell tryptase, which has been
shown to be a powerful fibroblast mitogen,6 is
thought to play an important fibrogenic role in
systemic mastocytosis. Both mast cell tryptase and
histamine, another substance produced by mast
cells, are capable of stimulating synthesis of type I
collagen by fibroblasts.6–9 However, in spite of these
data, there is very little information available
regarding either the stromal cell or the extracellular
matrix composition of the fibrotic areas involved by
systemic mastocytosis.

In this study, we evaluated the histochemical and
immunohistochemical characteristics of extracellu-
lar matrix and stromal cell components by studying
bone marrow and spleen specimens of patients with
systemic mastocytosis and compared the findings
with those observed in fibrotic bone marrows of
patients with primary myelofibrosis and metastatic
malignancy, conditions which are also often asso-
ciated with significant marrow fibrosis.

Materials and methods

Tissue Samples

Paraffin-embedded tissue blocks of eight bone
marrow biopsies and two spleens of 10 patients
diagnosed with systemic mastocytosis were ob-
tained from the files of the Department of Pathology
and Laboratory Medicine, Weill Cornell Medical
College/New York Presbyterian Hospital (New York,
NY), and Indiana University School of Medicine/
Clarian Health Partners (Indianapolis, IN). In addi-
tion, bone marrow biopsies of patients diagnosed
with fibrotic primary myelofibrosis (5) and bone
marrow biopsies involved by metastatic malignancy
associated with fibrosis (4), were evaluated for
comparison. Both spleen specimens were formalin-
fixed, whereas the bone marrow biopsies were fixed
in either formalin or Bouin’s fixative. Four-micron
tissue sections were prepared from the paraffin
blocks for routine morphologic evaluation and for
immunohistochemistry. IRB approval was obtained
at both institutions.

Histochemistry

Histochemical staining for reticulin (reactivity with
all types of fibers) and trichrome (reactivity with
collagen fibers) was performed using an automated
stainer (Leica Microsystems, Bannockburn, IL, USA)
according to the manufacturer’s protocol with mild
modifications.

Immunohistochemistry

Immunohistochemical studies were performed using
a Bond-Max autostainer (Vision BioSystems, Hing-
ham, MA, USA) using a polymer-define peroxidase
detection system after antigen retrieval with epitope
retrieval solution 2 (Vision BioSystems). Monoclonal
antibodies against the following antigens were used
to evaluate the bone marrow stroma: collagen type IV
(CIV 22), smooth muscle actin (1A4), low-affinity
nerve growth factor receptor (ME20.4) (Dako North
America Inc., Carpinteria, CA), laminin (LAM89;
Vision BioSystems Novocastra, Newcastle-upon-
Tyne, United Kingdom), and CD34 (Qbend10;
Biogenex Laboratories, San Ramon, CA).

Evaluation of Extracellular Matrix and Stromal Cell
Composition

The extracellular matrix was evaluated by histo-
chemical staining for reticulin (reactivity with all
types of fibers) and trichrome (reactivity with
collagen fibers), as well as immunohistochemistry
for the expression of type IV collagen and laminin.
The degree of reticulin fibrosis was graded accord-
ing to the European consensus scoring system
(0 to 3þ ) originally proposed for grading of fibrosis
in patients with primary myelofibrosis.10 Collagen
fibrosis was graded either positive or negative.
Immunohistochemical staining for low-affinity
nerve growth factor receptor was performed to
identify the adventitial reticular cells, and smooth
muscle actin to identify myofibroblastic differentia-
tion within the bone marrow stroma. The positivity
cells for each marker was determined semi-quanti-
tatively as focally positive (fþ ), positive (þ ), and
strongly positive (þ þ ).

Microvessel density was assessed by immunohis-
tochemical staining for CD34. The number of CD34
positive microvessels within the mast cell lesions
was compared with that of the adjacent uninvolved
marrow tissue and designated as increased or not
increased. The evaluation was performed by using a
� 40 lens by averaging the findings of all fibrotic
areas present in one section compared with the non
fibrotic bone marrow fields (a minimum of five � 40
fields per section were analyzed). Similar criteria for
assessing extracellular matrix, cellular composition
and microvessel density were used for the assess-
ment of the primary myelofibrosis and metastatic
malignancy marrows.

Results

Clinical and Pathological Features

The clinical and pathological characteristics of the
cases are summarized in Table 1. The patients were
diagnosed with systemic mastocytosis according to
the World Health Organization criteria. There were
three women and seven men ranging in age from 37
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to 81 years (mean, 60.2 years). Four patients had an
associated clonal hematological non-mast-cell line-
age disease, whereas the remaining patients had no
associated hematologic malignancy. The hematolo-
gical malignancies associated with systemic masto-
cytosis are shown in Table 2.

Morphology

Examination of the bone marrow sections showed
multiple focal dense mast cell aggregates character-

istic of systemic mastocytosis. The mast cell aggre-
gates were often paratrabecular or perivascular in
location and associated with fibrosis that was often
dense, relatively acellular and poorly vascularized
(Figure 1a). The trabecular bone often showed mild
to pronounced osteosclerosis. The splenic capsule
was significantly thickened. Examination of the
spleen sections showed mast cell infiltrates asso-
ciated with fibrosis (Figure 1d) scattered throughout
the splenic parenchyma and/or involving the per-
iphery of the white pulp or septa and trabeculae.
The cases of primary myelofibrosis and metastatic
malignancy showed histologic findings fully repre-
sentative of the two disease groups, and degrees of
fibrosis, which by histochemical stains (not shown)
corresponded to an MF-3 grade (Figure 1e and f).

Extracellular Matrix

Reticulin and trichrome histochemical stains were
performed in all cases with the exception of one
bone marrow case in which the block was exhausted
(Table 2). All the evaluated cases (systemic masto-
cytosis, primary myelofibrosis, and metastatic ma-
lignancy) showed, in the involved areas, MF-3
fibrosis by reticulin staining associated with col-
lagen fibrosis as determined by trichrome staining
(Figure 1b and c). The spleen cases involved by
systemic mastocytosis showed comparable results.
Immunohistochemical staining for extracellular ma-
trix and stromal cells was performed in all cases. In
systemic mastocytosis, there was no significant
expression of collagen IV or laminin within the
lesions except in association with rare microvessels
(Figure 2a and b).

In contrast, all four bone marrow biopsies in-
volved by metastatic malignancy showed an in-
crease in either type IV collagen and/or laminin
stromal deposition (Figure 2d and e), whereas two of
the five bone marrow biopsies involved by primary
myelofibrosis showed an increased expression of
both type IV collagen and laminin (Figure 2g and h).
In the remaining three primary myelofibrosis cases,
no significant expression of either marker was
detected.

Stromal Cell Composition

Smooth muscle actin expression was detected in
only two of the eight bone marrows and in neither of
the two spleens with systemic mastocytosis
(Table 2). In one case (case 1), the smooth muscle
actin expression was only focal, whereas in the
second case (case 9) the expression was more
pronounced. Low-affinity nerve growth factor re-
ceptor expression was decreased in the fibrotic
lesion of systemic mastocytosis in all but one case
(case 9), whereas the uninvolved marrow surround-
ing the fibrotic mast cell lesion showed a normal to
mildly increased number of adventitial reticular

Table 2 Histochemical and immunohistochemical results

Case no. Reticulin Trichrome Coll IV Laminin SMA LNGFR CD34

SM
1 3+ + � � f+ � �
2 ND ND � � � � ND
3 3+ + � � � � �
4 3+ + � � � � �
5 3+ + � � � � �
6 3+ + � � � � �
7 3+ + � � � � ND
8 3+ + � � + + ND
9 3+ + � � � � ND

10 3+ + � � � � �

PMF
1 3+ + + + + ++ m
2 3+ + � � + � m
3 3+ + � � f+ + m
4 3+ + + + + ++ m
5 3+ + � � + ++ m

MMAL
1 3+ + + + ++ + m
2 3+ + � f+ + + m
3 f+ + � f+ + + m
4 3+ + + + � + m

SM, systemic mastocytosis; PMF, primary myelofibrosis; MMAL,
metastatic malignancy; ND, not done; Coll IV, collagen IV; SMA,
smooth muscle actin; LNGFR, low affinity nerve growth factor
receptor; f+, focally positive; m, increased vessels.

Table 1 Clinical characteristics of systemic mastocytosis cases

Case no. Agea Sex Siteb AHNMDc Cytogeneticsd

1 47 M BM None Normal
3 50 F BM None ND
4 47 M BM None Normal
5 67 M BM AML �7
6 75 F BM PV Normal
7 37 F BM None ND
8 50 M BM RAEB-1 Failed
9 72 M Spleen MDS/MPD Normal
10 81 M Spleen None ND

a
Mean age 60.2 (range 37–81) years.

b
BM, bone marrow.

c
AHNMD, associated clonal hematological non-mast-cell lineage
disease; AML, acute myeloid leukemia; PV, polycythemia vera;
RAEB-1, refractory anemia with excess blasts-1; MDS/MPD, myelo-
dysplastic syndrome/myeloproliferative disease.
d
ND, not done; �7, monosomy 7.
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cells (Figure 3a and b). In contrast, smooth muscle
actin expression was seen in 5/5 primary myelofi-
brosis (one case showed only focal expression)
and 3/4 metastatic malignancy cases, whereas

increased low-affinity nerve growth factor receptor
expression was detected in 4/5 primary myelofibro-
sis and in 4/4 metastatic malignancy cases, respec-
tively (Figure 3c–f).

Figure 1 Bone marrow biopsy and spleen showing involvement by systemic mastocytosis. (a) A large paratrabecular/intertrabecular mast
cell aggregate showing extensive fibrosis. (b) Reticulin stain of the same bone marrow biopsy demonstrating marked (MF-3) reticulin
fibrosis. (c) Corresponding trichrome stain shows a significant degree of collagen fibrosis. (d) Mast cell lesion in splenic red pulp in a
patient with systemic mastocytosis, also characterized by fibrosis. Bone marrow biopsy from (e) a case of PMF and (f) a case of metastatic
malignancy (prostatic adenocarcinoma) showing similar degrees of fibrosis, which, by histochemical stains (not shown), corresponded to
an MF-3 grade.
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Microvessel Density by CD34 Immunostaining

CD34 immunostaining, performed in five bone
marrow cases, showed a lower number of micro-
vessels within the systemic mastocytosis lesions
than in the surrounding apparently uninvolved
bone marrow (Figure 2c). These bone marrow areas
contained a variably increased number of micro-
vessels, which were focally more numerous in the
three bone marrow cases of systemic mastocytosis
associated with clonal hematological non-mast-cell
lineage disease. All cases of metastatic malignancy
and primary myelofibrosis showed, as expected, a
significantly increased microvessel density as high-
lighted by CD34 staining (Figure 2f and i).

Discussion

In this study, we demonstrated that the degree of
reticulin and collagen fibrosis within the mast cell

lesions of systemic mastocytosis is pronounced and
similar to that seen in advanced primary myelofi-
brosis and in cases of metastatic malignancy
associated with fibrosis. However, unlike primary
myelofibrosis and metastatic malignancy, which
showed increased deposition of basement mem-
brane components collagen IV and laminin, most
likely because of increased vascularity, and in-
creased low-affinity nerve growth factor receptor
and smooth muscle actin expression, most likely
because of an increase in the number of adventitial
reticular cells and the presence of myofibroblastic
differentiation, respectively, the mast cell lesions
lacked these features. In particular, despite the
pronounced fibrosis, the mast cell lesions exhibited
a marked decrease in low-affinity nerve growth
factor receptor expression, most likely due to a
decreased number of adventitial reticular cells, with
only rare or minimal expression of smooth muscle
actin. Thus, our results indicate that the fibrous

Figure 2 Immunohistochemical staining for type IV collagen, laminin, and CD34. A case of bone marrow biopsy involved by systemic
mastocytosis shows no significant increase of either collagen IV (a) or laminin (b), or of microvessel density (c) within the mast cell
lesions compared with the surrounding uninvolved bone marrow. In contrast, all bone marrow biopsies involved by metastatic
malignancy show an increase in either type IV collagen (d) and/or laminin deposition (e) in the stroma, as well as increased microvessel
density (f). A bone marrow biopsy involved by primary myelofibrosis showing increased expression of type IV collagen (g) and laminin
(h), as well as increased microvessel density (i).
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Figure 3 Immunohistochemical staining for smooth muscle actin and low-affinity nerve growth factor receptor. In a bone marrow biopsy
involved by systemic mastocytosis, the mast cell aggregate shows neither (a) smooth muscle actin or (b) low-affinity nerve growth factor
receptor expression, whereas the uninvolved marrow surrounding the fibrotic mast cell lesion shows normal expression (note the
positivity in an arteriole in the surrounding uninvolved marrow for smooth muscle actin). (c) In contrast, a case of primary myelofibrosis
shows increased smooth muscle actin expression, signifying the presence of pronounced myofibroblastic differentiation. (d) In the same
case of primary myelofibrosis, increased low-affinity nerve growth factor receptor expression is also seen. Similarly, a case of metastatic
malignancy in the bone marrow shows increased expression of both smooth muscle actin (e) and low-affinity nerve growth factor
receptor (f).
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tissue in systemic mastocytosis is highly collage-
nized, relatively acellular, and poorly vascularized.

The non-vascular component of the bone marrow
microenvironment mostly consists of stromal cells
and the extracellular matrix produced by the stromal
cells.11–13 The stromal cells include adventitial
reticular cells.12–14 The cytoplasm of the adventitial
reticular cells is capable of extending itself in fiber-
like strands deep into the hematopoietic cords.
These strands provide a meshwork which provides
structural support for the vascular sinuses and
hematopoietic cells.14 Other types of stroma cells
include bone marrow macrophages and adipocytes.
Myoid cells have also been documented in the bone
marrow.15,16 They can be easily demonstrated in fetal
bone marrow but are rare in adult bone marrow. It is
still uncertain whether they represent a distinct
subpopulation of reticular cells.15 They may develop
from adventitial reticular cells which have under-
gone cytoskeletal remodeling in response to various
stimuli.15 The extracellular matrix produced by the
stromal cells is mostly composed of the structural
fibrils such as collagen, reticulin, laminin, and
fibronectin, as well as a variety of glycoproteins.17–21

Collectively, the various components of the bone
marrow microenvironment play an active role in
hematopoiesis by producing numerous cytokines,
inhibitory factors, adhesion molecules, and contact
matrix that promote hematopoietic cell production
and osteogenesis.20 Alterations in bone marrow
stroma can occur in both benign and malignant
disorders,21–25 including metastatic tumors involving
the bone marrow.23 They are particularly pro-
nounced and have been better described in myeloid
neoplasms associated with bone marrow fibrosis
such as primary myelofibrosis.21,22

An antibody directed against low-affinity nerve
growth factor receptor has been shown to label bone
marrow adventitial reticular cells.14,26 The adventi-
tial reticular cells are responsible for the deposition
of reticulin and collagen III. Upon activation, the
adventitial reticular cells may express smooth
muscle actin acquiring a myofibroblastic differentia-
tion. In general, there is a correlation between the
number of low-affinity nerve growth factor receptor
positive adventitial reticular cells and the degree of
reticulin fibrosis in primary myelofibrosis and in
metastatic malignancy.23 Increased expression of
low-affinity nerve growth factor receptor, due to
the proliferation of adventitial reticular cells usually
associated with fibrosis, has also been demonstrated
in different subtypes of lymphoma and in reactive
marrow.24,25 In contrast, the decreased expression of
low-affinity nerve growth factor receptor within the
fibrotic mast cell lesions of systemic mastocytosis
indicates the presence of a smaller number of
adventitial reticular cells.

Smooth muscle actin was utilized in this study to
identify cells with myofibroblastic differentiation.
Smooth muscle actin expression is largely absent
in normal bone marrow.15,16 In the presence of

appropriate stimuli, bone marrow adventitial reti-
cular cells may become activated, differentiating
into myofibroblasts. These myofibroblasts become a
major source of mature collagen as shown in various
neoplasms, including squamous carcinomas27 and
other malignancies.23,28 Stromal smooth muscle
actin expression was virtually absent in systemic
mastocytosis. Thus, a ‘myofibroblastic’ stromal
phenotype, although common in other bone marrow
fibrotic neoplasms, such as metastatic malignancy,
is not a common stromal response in bone marrows
affected by systemic mastocytosis. It is important to
stress, however, that we analyzed tissues at a given
point in time whereas the fibrotic process is a
dynamic one. Therefore, it is possible that transient
myofibroblastic differentiation of bone marrow
reticular cells may occur during the early phases of
bone marrow involvement with systemic mastocy-
tosis and might not be evident in later stages of the
disease, when a bone marrow biopsy is more often
performed.

Type IV Collagen, along with laminin, is a major
component of basement membrane.18,21,22,29 In nor-
mal bone marrow, type IV collagen is largely
subendothelial in distribution, normally highlight-
ing only vascular walls, whereas adipocytes show
only weak pericellular expression.18 Collagen IV has
been shown to be increased in fibrotic primary
myelofibrosis, where it forms continuous sheets of
subendothelial basal membrane in advanced pri-
mary myelofibrosis.22 In contrast, in all of our cases,
the fibrotic mast cell lesions were largely devoid of
type IV collagen. Laminin was similarly diminished
in these lesions. These findings show the lack of
basal membrane extracellular matrix proteins,
which are mostly associated with vessels, a result
which is consistent with the decreased vascularity
seen in the fibrotic mast cell lesions. The presence of
diminished vascularity was further confirmed by
the paucity of CD34-positive microvessels observed
in these lesions.

In this study, we have found that despite the
marked increase in reticulin fibrosis and the
presence of collagen fibrosis, expression of low-
affinity nerve growth factor receptor and extracel-
lular matrix-associated proteins are absent in nearly
all cases of systemic mastocytosis. There is also a
paucity of smooth muscle actin expression in
systemic mastocytosis. The pattern of expression
for these stromal markers is thus different from
those observed in most cases of primary myelofi-
brosis and metastatic malignancy. As low-affinity
nerve growth factor receptor and type IV collagen
are components of the vascular basement mem-
brane, their absence in systemic mastocytosis sug-
gests an overall low vascularity within the fibrotic
lesions of systemic mastocytosis. In this regard,
immunostaining for CD34, an approach which is
commonly used to evaluate microvessel density in
neoplastic diseases,30,31 confirmed that the fibrotic
mast cell lesions are largely devoid of microvessels.
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In contrast, primary myelofibrosis as well as most
other myeloid neoplasms, typically show increased
microvessel density,32,33 a potential target for anti-
angiogenic treatments (eg, thalidomide or lenalido-
mide).34,35 In contrast, the lack of intralesional
microvessels raises serious doubts in regard to the
effectiveness of a similar approach for cases of
systemic mastocytosis. In this regard, it was recently
observed that antiangiogenic therapy in systemic
mastocytosis did not result in the normalization of
marrow findings including the amount of bone
marrow fibrosis in treated patients,36,37 or in sig-
nificant clinical improvement.37 Although an in-
crease in bone marrow angiogenesis is reported in
the majority of patients with systemic mastocyto-
sis,38,39 its pathogenesis is unclear and may not be
directly linked to the mast cells themselves.39 This
conclusion is also supported by a recent study
which has demonstrated the absence of direct
correlation between microvessel density and the
degree of bone marrow involvement by mast cell
lesions or the expression of various angiogenic
cytokines.39

In conclusion, the fibrotic lesions of systemic
mastocytosis show abundant mature collagen, re-
duced vascularization as evidenced by scarce col-
lagen IV, laminin, and CD34 expression, and the
paucity of cells expressing low-affinity nerve growth
factor receptor and stromal cells showing myofibro-
blastic differentiation. This pattern of stromal
change is uncommonly seen in other bone marrow
disorders characterized by fibrosis. These observa-
tions suggest that the pathogenetic mechanism
leading to fibrosis in systemic mastocytosis may
differ from that of other fibrotic neoplasms of the
bone marrow. Different levels or various combina-
tions of fibrogenic factors may play an important
role and explain the differences. Although most
likely involved in the pathogenesis of stromal
changes seen in both conditions, the expression of
TGF-b was found to be much more heterogeneous in
cases of systemic mastocytosis than in primary
myelofibrosis.40 It is also tempting to hypothesize
that histamine and tryptase, fibrogenic substances
more specifically associated with systemic masto-
cytosis, may be at least partially responsible for the
observed effect.41–43 In this context, it has been
shown that the D816V-activating KIT mutation seen
in systemic mastocytosis is not only capable of
causing increased mast cell proliferation and survi-
val, but also can render the mast cells more sensitive
to the antigen-IgE immune complex. This in turn
enhances mast cell degranulation and increases the
levels of histamine and tryptase, which promote
collagen I synthesis by the fibroblasts.41 That may
explain why histamine receptor blockers are a
useful adjuvant in the current therapeutic regimens
for systemic mastocytosis patients, particularly
when used in conjunction with tyrosine kinase
inhibitors, which have a partial anti KIT activity,
such as dasatinib and PKC412.44,45 Finally, the

identification of the type of fibrosis in systemic
mastocytosis, in conjunction with the cytokines
involved, may aid in the selection of an appropriate
targeted therapeutic approach, and in monitoring
the effects following tyrosine kinase inhibitor
treatment.
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