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The tryptase positive compact round cell infiltrate of the
bone marrow (TROCI-BM): a novel histopathological
finding requiring the application of lineage specific markers
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Germany; horny@patho.
mu-luebeck.de

Accepted for publication
27 June 2005
. . . . . . . . . . . . . . . . . . . . . . .

J Clin Pathol 2006;59:298–302. doi: 10.1136/jcp.2005.028738

Aims: Compact tryptase-positive round cell infiltrates of the bone marrow (TROCI-BM) are very rare
histopathological findings and may pose challenging problems with regard to the cell type involved (either
mast cells or basophilic granulocytes) and the exact diagnosis.
Methods: A selected panel of immunohistochemical markers against mast cell and basophil related
antigens, including CD25, CD34, CD117/Kit, and the 2D7 antigen (which is found only in basophilic
granulocytes) on a total of 410 routinely processed bone marrow biopsy specimens (including 88 cases of
systemic mastocytosis (SM), 20 cases of chronic myeloid leukaemia (CML), 92 cases of myeloid neoplasms
other than CML, and 210 controls with normal/reactive bone marrows).
Results: In total, 17 cases with TROCI-BM could be identified: 11 SM (including two cases of well-
differentiated SM and two mast cell leukaemias; MCL), 2 myelomastocytic leukaemia (MML), 2 CML with
excess of basophils (secondary basophilic leukaemia (CMLba)), and 2 tryptase positive acute myeloid
leukaemia (AML). Regarding the cell types involved, TROCI-BM cells were found to express CD117/Kit in
all cases of SM and MCL. In MML and tryptase postitive AML, TROCI-BM cells were found to coexpress
CD34 and Kit. The basophil specific antigen 2D7 was only detected in CD34/Kit negative TROCI-BM cells
in two patients with CMLba. The activating point mutation D816V was detected in 8/11 patients with SM
but not in any of the other haematological malignancies.
Conclusions: In summary, a total of six rare myeloid neoplasms may present with a novel
immunohistochemical phenomenon tentatively termed TROCI-BM.

T
he application of tryptase antibodies as immunohisto-
chemical markers in the histopathological analysis of
routinely processed bone marrow (BM) biopsy specimens

is of crucial importance for the diagnosis of systemic
mastocytosis (SM).1–3 It has been shown that tryptase
immunohistochemistry enables not only the detection of
loosely scattered mast cells (MC) but also of small compact
MC infiltrates as the major diagnostic criterion for SM.4 5 A
proportion of intralesional MC usually exhibits atypical
cytology, including hypogranulation and spindle shape
appearance, the latter being a minor diagnostic criterion
thus enabling the immediate histopathological diagnosis of
SM by application of the WHO classification criteria.6 7 In rare
SM cases, however, virtually all intralesional tryptase positive
MC are round. Such findings prompted us to look for the
frequency of ‘‘round cell’’ SM. Focal and diffuse tryptase
positive round cell infiltrates could also be detected in
myeloid neoplasms other than SM but were almost never
seen in normal/reactive bone marrows. The tryptase positive
round cell infiltrate of the BM (tentatively referred to as
TROCI-BM) proved to be a major diagnostic challenge in
haematopathology. To address this issue appropriately, we
applied lineage specific markers to all cases of TROCI-BM.
The use of antibodies against CD25, CD117/Kit, and chymase
appears to be sufficient to separate neoplastic MC from
basophils expressing the 2D7antigen.8–10

MATERIALS AND METHODS
Selection of cases
Cases were derived retrospectively from the archival files of
the Institutes of Pathology, Universities of Lübeck, Tübingen
(both Germany), and Vienna (Austria). The selection of cases
was based on the identification of a tryptase positive round

cell infiltrate in the BM (TROCI-BM). TROCI-BM was
defined as an infiltrate consisting of focal or diffuse compact
aggregates of round tryptase positive cells. Primary diagnoses
had been established according to WHO criteria and
recommendations of the French-American-British (FAB)
cooperative study group.11–13 (a) The control group comprised
210 cases with normal or reactive bone marrows, in particular
with no evidence of a myeloid neoplasm or mastocytosis; (b)
SM including mast cell leukaemia (MCL): morphological
analysis of BM cells in 88 cases of SM revealed nine cases
exhibiting focal, and two with a diffuse infiltrates featuring
TROCI-BM. In the latter two cases, the diagnosis of MCL
(exhibiting .20% atypical MC in BM smears) had been
established. (c) Myelomastocytic leukaemia (MML): this
extremely rare myeloid neoplasm is characterised by promi-
nent MC differentiation with increased numbers of immature
metachromatic cells belonging to the MC lineage cells but
without fulfilling the diagnostic criteria of SM.14–16 In the
current analysis, two patients with MML exhibiting TROCI-
BM were included. (d) Tryptase positive acute myeloid
leukaemia (AML): in a small subgroup of patients with
AML, blast cells expressed immunohistochemically detect-
able levels of tryptase without any visible metachromatic
granules (thereby clearly contrasting to MML).17 18 In the
present study, we identified only two cases of tryptase
postitive AML, belonging to subtypes M0 and M1, respec-
tively, according to FAB criteria.12 None of the analysed cases

Abbreviations: AML, acute myeloid leukaemia; CML, chronic myeloid
leukaemia; CMLba, chronic myeloid leukaemia with excess of basophils;
ISM, indolent systemic mastocytosis; MCL, mast cell leukaemias; MML,
myelomastocytic leukaemia; SM, systemic mastocytosis; TROCI-BM,
tryptase-positive compact round cell infiltrate of the bone marrow
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of myelodysplastic and myeloproliferative syndromes or of
myelodysplastic/myeloproliferative syndromes exhibited
TROCI-BM. (e) Chronic myeloid leukaemia (CML): a survey
of 20 cases of CML revealed two (10%) with TROCI-BM. Both
patients were found to be clinically and morphologically in
the accelerated phase of their disease (CML-AP).

The main clinical and biological characteristics of the
patients are summarised in table 1.

Immunohistochemistry
Routinely processed BM trephine biopsy specimens had been
mildly decalcified in edetic acid for at least 8 hours,
embedded in paraffin wax, and stained with haematoxylin
and eosin, Giemsa, Gömöri’s silver impregnation, and the
naphthol AS-D chloroacetate esterase.
Immunohistochemistry was performed according to the
ABC method using antibodies against CD25, CD34 (both
Novocastra, Hamburg, Germany), CD117, myeloperoxidase,
tryptase all Dako, Hamburg, Germany), and 2D7, as
described previously.1 19 The basophil specific antibody 2D7
has been intensively characterised previously,10 and has now
been found to be applicable to routinely processed BM
sections (unpublished results). For the evaluation of marker
expression by TROCI-BM, serial sections of each case were
stained with these antibodies.

Molecular studies
Screening for the activating c-kit mutation D816V in lesional
MC of the bone marrow was performed using melting point
analysis of nested PCR products amplified from laser
dissected single tryprase positive cells, which were pooled
to a total of 50 cells per PCR tube. The techniques have been
described in detail elsewhere.20 21

RESULTS
A summary of the immunophenotypic features of the
neoplastic tryptase positive round cells producing TROCI-
BM is depicted in fig 1 and listed in table 2.

Phenotype of TROCI-BM cells in SM and mast cell
leukaemia (MCL)
Nearly 10% of all cases with SM (n = 9/88) contained focal
compact BM infiltrates with a marked predominance or

exclusive occurrence of tryptase expressing round cells
(TROCI-BM). Seven of these nine cases exhibited tryptase
positive round cells with coexpression of CD117 and CD25,
thus demonstrating the classic immunophenotype of SM. In
the remaining two cases, however, TROCI-BM cells expressed
CD117, thereby indicating that they belonged to the MC
lineage, but they did not express CD25. In all nine cases,
TROCI-BM did not react with the basophil specific antibody
2D7. In patients with MCL, TROCI-BM cells were diffusely
spread, thereby completely destroying the pre-existent
microarchitecture of the BM. TROCI-BM cells expressed
CD25 and CD117 but did not express CD34, an antigen that
was found to be expressed on blast cells in MML and tryptase
postitive AML.

Phenotype of TROCI-BM cells in MML and tryptase
postit ive AML
In all four patients with tryptase postitive AML (n = 2) and
MML (n = 2), TROCI-BM was found to exhibit a diffuse
pattern (fig 1). In AML, TROCI-BM was found to consist of
non-granulated blast cells, whereas in MML, there was a
mixture of metachromatic blast cells, non-granulated blast
cells, and immature MC. In both disease variants, cells of
TROCI-BM did not react with antibodies against the 2D7
antigen and CD25, but most were found to coexpress CD34.

Phenotype of TROCI-BM cells in patients with CML and
basophilia
A few scattered TROCI-BM were detected in 2/20 patients
(10%) with CML, both presenting with an accelerated phase
of disease (CML-AP) and both exhibiting the t(9;22)
cytogenetic abnormality (Ph chromosome). Cells of TROCI-
BM reacted with the antibody 2D7, but did not express
CD117/Kit. These cells were therefore classified as neoplastic
basophils leading to the final diagnosis of a ‘‘secondary
basophilic leukaemia’’ (fig 1). All other cases of CML were in
the chronic phase (CML-CP) and showed a constant diffuse
increase in loosely scattered 2D7 positive cells sometimes
forming small clusters, but the criteria for TROCI-BM were
not fulfilled. Altogether, the number of 2D7 positive cells
(basophilic granulocytes) was too small to diagnose second-
ary basophilic leukaemia. Surprisingly, in one case of CML-
CP, spindle shaped tryptase positive cells were found to form

Table 1 Tryptase positive round cell infiltrates in the bone marrow (TROCI-BM): list of
diagnoses and main biological features of the patients

Case
no.

Age
(years) Sex Diagnosis (number of focal TROCI-BM) CD25 D816V

1 26 F Systemicmastocytosis* (n = 4) Negative Negative
2 63 M Systemic mastocytosis* (n = 7) Negative Negative
3 47 F Systemic mastocytosis (n = 4) Positive Positive
4 87 F Systemic mastocytosis (n = 2) Positive Positive
5 51 F Systemic mastocytosis (n = 3) Positive Positive
6 36 M Systemic mastocytosis (n = 2) Positive Positive
7 53 F Systemic mastocytosis (n = 3) Positive Positive
8 58 F Systemic mastocytosis (n = 2) Positive Positive
9 63 M Systemic mastocytosis (n = 7) Positive Positive
10 48 M Mast cell leukaemia (N/A) Positive Negative
11 75 M Mast cell leukaemia (N/A) Positive Positive
12 71 M Myelomastocytic leukaemia (N/A) Negative Negative
13 69 M Myelomastocytic leukaemia (N/A) Positive Negative
14 46 M Tryptase positive acute myeloid leukaemia (N/A) Negative Negative
15 68 F Tryptase positiveacute myeloid leukaemia (N/A) Negative Negative
16 64 F Secondary basophilic leukaemia (n = 3) Negative Negative
17 63 M Secondary basophilic leukaemia (n = 2) Negative Negative
18 43 F SM-AHNMD (SM-CML-CP) (n = 0) Positive Positive

N/A, not applicable because of diffuse TROCI-BM. *SM with round CD25-negative mast cells has recently been
described.27 SM-AHNMD, systemic mastocytosis with an associated clonal haematological non-mast cell-lineage
disorder.
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a solitary compact infiltrate. Therefore, the distinction from
TROCI-BM was easily achievable and a diagnosis of SM with
an associated CML could be established (SM-AHNMD or SM-
CML, respectively).

Molecular studies
The typical activating point mutation of c-kit D816V was
detected in lesional MC of the bone marrow in seven of the
nine cases with indolent SM (ISM) and the case of SM-
AHNMD (SM-CML). All mutated cases exhibited an aberrant
immunophenotype of tryptase positive MC with coexpression
of CD25 (fig 1). The remaining two patients with ISM and all
the other patients in this study revealed the wild type c-kit in
the relevant hot spot region of exon 17. Of these, the two
non-mutated ISM cases contained MC that were also
negative for CD25.

DISCUSSION
Tryptase is a well established immunohistochemical marker
in haematopathology and is commonly used for detection of
MC in patients with SM.1 3 However, recent data indicate that
tryptase may not only be expressed by MC, but also by
basophilic granulocytes, especially in neoplastic states, and
has even been detected in AML blast cells.18 22 It could be
shown clearly that tryptase expression reflects minimal
differentiation of blast cells towards basophil and/or MC
lineages and that tryptase expression represents a very
specific finding, as myeloblasts have been demonstrated by
molecular techniques to contain tryptase mRNA.18 The rare
finding of compact, tryptase positive, round cell infiltrates in
a minority of SM cases prompted us to survey normal/
reactive BM and neoplastic BM involved in myeloid
malignancies to look for the incidence and cellular composi-
tion of TROCI-BM in detail. To address this issue, we applied
a panel of four decisive markers (CD25 (SM related), CD34
(blast cell related), CD117 (MC related), and 2D7 (basophil
related)) in 18 patients exhibiting the TROCI-BM phenom-
enon. These four markers proved to be sufficient to define the
cell type involved in TROCI-BM.

Most patients with SM exhibit multifocal dense intrame-
dullary infiltrates consisting of spindle shaped tryptase
positive MC.1 23–25 The minimal diagnostic requirement (one
major criterion (multifocal aggregates) plus one minor
criterion (spindle shaped MC)) was fulfilled in these cases.6 7

However, in about 10% of all SM cases, the majority of
intralesional MC are round, leading to the histopathological
phenomenon of TROCI-BM. The diagnosis of SM in such
cases cannot be established on morphological BM findings
alone. In these cases, the diagnosis of SM can only be
confirmed in a stepwise fashion by immunostaining and
application of additional criteria. As the first step, the identity
of the MC involved in TROCI-BM has to be reconfirmed by

Figure 1 Tryptase positive round cell infiltrates of the human bone marrow (TROCI-BM) (A) Focal TROCI-BM stained with 2D7. The round medium
sized cells expressed tryptase and the 2D7 antigen (not depicted) as clear indication of involvement of the basophil lineage in a case of accelerated
phase chronic myeloid leukaemia. (B) Diffuse TROCI-BM stained with AA1. The extremely hypercellular marrow is diffusely infiltrated by medium sized
blast cells which exhibit a focal cytoplasmatic immunoreactivity for anti-tryptase in a case of tryptase positive AML. Note the single reactive mast cells
with strong expression of tryptase in the middle portion of the picture. (C) Focal TROCI-BM stained with anti-CD25. A compact infiltrate of round mast
cells dominates the picture. Note the strong annular expression of CD25 by all the mast cells indicating an atypical immunophenotype in a case of
D816V positive systemic mastocytosis. (D) Focal TROCI-BM stained with anti-Kit. Round mast cells forming small groups and expressing Kit (CD117)
are easily detectable. The mast cells did not express CD25 not depicted, indicating the diagnosis of D816V positive well differentiated systemic
mastocytosis. The ABC method was used to visualise the sections. Original magnification: (A)625; (B, C)6140; (D)6350.

Table 2 Tryptase positive round cells in the human bone
marrow: immunophenotypical differentiation

CD34 CD25 CD117 2D7 Diagnosis

2 +/2* + 2 SM
2 2 2 + CML-AP
+ 2 2/+ 2 AMLtry
2 + + 2 MCL
+ 2 + 2 MML

+, Antigen is constantly expressed; +/2, antigen is expressed in a
majority of cases; 2/+,antigen is inconstantly expressed in a minority of
patients; 2, antigen is not expressed. *SM with round CD25 -negative
round mast cells has recently been described (‘‘well differentiated SM’’).
SM, systemic mastocytosis; CML-AP, (secondary) basophilic leukaemia;
AML try, tryptase positive acute myeloid leukaemia; MCL, mast cell
leukaemia; MML, myelomastocytic leukaemia.
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demonstrating expression of MC related antigens. In this
study, CD117 was used as the MC marker, and was found to
be consistently expressed by MC in various myeloid
neoplasms, a finding that also confirmed previous studies.4 5

To assess or exclude the presence of basophils in the TROCI-
BM, the basophil specific marker 2D7 was used, and was
found to be non-reactive in all SM cases exhibiting CD117
positive TROCI-BM.

The next step in the diagnostic investigation of suspected
SM in patients with TROCI-BM is the use of an antibody
against CD25. It has been described that expression of CD25
on MC is a reliable minor diagnostic criterion of SM, as it can
be clearly shown that MC in other myeloid neoplasms or
reactive states (MC hyperplasia) do not express CD25.21

Originally, CD25 expression by neoplastic MC was demon-
strated by flow cytometry.26 More recently, however, we were
able to show that CD25 immunohistochemistry can also be
applied to routinely processed BM biopsy specimens, and
proved a very reliable immunohistochemical marker for
neoplastic MC in SM.21 In the present study, as expected,
TROCI-BM cells coexpressed CD25 and CD117 in a majority
of the cases with SM. However, in 2/9 patients, TROCI-BM
cells did not express CD25. The reason for this may be that in
these cases, the neoplastic MC expressed only low levels of
CD25, which were below the detection level of the applied
immunohistochemical staining technique. Unfortunately, we
were not able to perform flow cytometry experiments in these
cases to clarify whether or not low levels of CD25 were
expressed on BM MC. An alternative explanation for the
CD25 negative staining result could be that these patients
had a recently described, apparently extremely rare subvar-
iant of SM characterised by round MC and the transmem-
brane c-kit mutation F522C.27 Accordingly, we were not able
to detect the classical c-kit point mutations D816V even by
using microdissected pooled MC in these two patients.
Studies are under way to clarify whether or not the F522C
mutation is expressed by the CD25 negative BM MC of our
two SM patients, who exhibited morphological features of
the well differentiated round cell variant of SM.

In contrast to the focal TROCI-BM infiltrate, diffuse
TROCI-BM is found in MCL as a very rare subvariant of
SM, usually with large numbers of circulating MC and a
marked increase of MC in BM smears of .20% of all
nucleated cells.6 7 A very similar histopathological picture,
however, can also be found in patients with MML.28 In
contrast to MCL, these patients lack the diagnostic SM
criteria and always show an increase in immature atypical
MC and partially metachromatic blast cells.15 16 28 In both
groups of patients, TROCI-BM was diffuse and was found to
stain positive for anti-CD117. However, whereas TROCI-BM
cells in MCL were found to be CD34 negative, TROCI-BM
cells in MML were found to be at least partly CD34 positive
and lacking CD25. These data confirm the diagnostic value of
CD34 and CD25 in the differential diagnosis of leukaemias
with involvement of MC lineages (MCL versus MML).

A further differential diagnosis in patients with myeloid
leukaemia and diffuse-type TROCI-BM is tryptase postitive
AML.14 17 Here, TROCI-BM consists primarily of CD34 positive
blast cells, whereas differentiation towards MC or basophils
is not easily detectable, in particular diagnostic criteria of SM
are not fulfilled. However, it could be recently shown that
blast cells in tryptase postitive AML may express MC or
basophil related antigens, thereby indicating a minimal
differentiation towards MC.18 In the current study, however,
TROCI-BM in tryptase postitive AML were always found to be
negative for CD117 and 2D7, indicating a very immature
(precommitted) stage of blast cell differentiation.

A major disadvantage in diagnostic haematopathology has
been the complete lack of a reliable immunohistochemical

marker for basophils. We have recently demonstrated that
the 2D7 antigen is specifically expressed by basophils and can
therefore be applied as a specific basophil associated
immunohistochemical marker in various myeloid neoplasms
(unpublished observations). In the present study, we
extended these analyses to patients with TROCI-BM, where
the application of the antibody is of crucial importance, at
least when these cells are CD117 negative, thus suggesting
the presence of basophils. Our staining experiments showed
that CD117 positive TROCI-BM are always 2D7 negative, and
2D7 positive TROCI-BM are always CD117 negative, which
strongly supports the concept that 2D7 is a basophil specific
immunohistochemical marker in various myeloid neoplasms.

CML almost always shows an excess of basophils, which is
pronounced when the disease is in its accelerated phase and
can lead to a picture that is nearly indistinguishable from
MML.13 16 29 Therefore, it is of particular importance to define
the type of intralesional cells in TROCI-BM in all patients
with accelerated or blast phase CML. In the present study,
two patients with CML and TROCI-BM were identified and
further analysed. TROCI-BM were found to express 2D7 in
both cases, but were negative for CD117, enabling us to
establish the diagnosis of a secondary basophilic leukaemia.
In another patient with chronic phase CML, focal dense
infiltrates of tryptase positive cells were found to stain
positive for CD117, but did not react with 2D7. As the
tryptase positive cells were spindle shaped, TROCI-BM could
be easily excluded and a final diagnosis of SM with
associated CML (SM-AHNMD) established.

In reactive states or some low grade non-Hodgkin’s
lymphomas, the numbers of MC may be very high.30

However, MC hyperplasia is not accompanied by the
formation of TROCI-BM, with the extremely rare exception
of a case of stem cell induced MC hyperplasia.31 Therefore,
TROCI-BM can be regarded as almost indicative of the
presence of a myeloid neoplasm. The application of additional
markers is crucial for proper haematopathological investiga-
tion.

Since we identified TROCI-BM, all new cases of myeloid
neoplasms (including MDS, MPS, MDS/MPS, and AML) are
now routinely stained with anti-tryptase to obtain more
information about the exact frequency and impact of this
finding in the form of a prospective study which is planned
for a span of about 5 years.

To summarise, the finding of TROCI-BM is extremely rare
but strongly suggestive of a myeloid neoplasm including six
rare differential diagnoses. We found that application of a
limited panel of antibodies directed against various MC and
basophil related antigens such as CD25, CD34, CD117, and
2D7 is sufficient to define the cell type involved in TROCI-BM
with certainty.
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TAKE HOME MESSAGES

N Focal compact or diffuse infiltrates consisting of
tryptase positive round cells (‘‘TROCI-BM’’) indicate
the presence of a myeloid neoplasm, but represent a
very rare histomorphological phenomenon occurring
only in a small minority of patients with SM, AML, or
CML.

N To clearly define the cell types involved in TROCI-BM, it
is crucial to apply a panel of antibodies against mast
cell and basophil related markers, including CD25,
CD117, and the 2D7 antigen.

N In patients with multifocal compact TROCI-BM consist-
ing of MC (CD117+, 2D72), expression of CD25
confirms their neoplastic immunophenotype and allows
the diagnosis of SM. In very rare cases of SM,
however, TROCI-BM MC may be CD25 negative.

N In patients with diffuse TROCI-BM consisting of MC
(CD117+, 2D72), the final diagnosis is MCL or MML,
depending on expression of CD25 and presence or
absence of other SM criteria.

N In patients with diffuse TROCI-BM consisting of CD34
positive myeloblasts, the final diagnosis is tryptase
postitive AML or MML, depending on the percentage of
immature MC (including metachromatic blast cells).

N Expression of 2D7 in TROCI-BM cells is indicative of a
neoplastic population of basophilic granulocytes, and
was seen only in a small minority of patients with
accelerated phase CML (‘‘secondary basophilic leu-
kaemia’’).

N The activating point mutation D816V was detected only
in patients with common type SM (ISM and SM-
AHNMD) exhibiting MC with an aberrant immuno-
phenotype and coexpression of CD25 but could not be
demonstrated in any of the other haematological
malignancies associated with TROCI-BM.
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