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Increased number of mast cells in the bone marrow of
chronic myeloid leukemia may herald the pending myeloid
transformation—the mast cell is an indicator of myeloid
transformation
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Background: Tumor cells are surrounded by many inflammatory cells, including mast cells (MCs), which
can secrete several classic proangiogenic factors, resulting in endothelial cell proliferation and angiogenesis.
However, the researches of the number of MC and microvessel density (MVD) in the bone marrow in
chronic myeloid leukemia (CML) are rare. In this study, we aimed to investigate the relationship between
tryptase-positive MCs and MVD in the different phases of CML.

Methods: Bone marrow samples of 61 patients with CML and 20 healthy donors were collected from
2007 to 2017. Antibodies against the endothelial cell marker CD34 and against tryptase were used in
immunohistochemistry. The diagnosis and counting of tryptase-positive MC and microvessel in bone
marrow was at x400 magnification.

Results: MVD in CML group was higher than which in the control group, and the blast phase (BP) group
had a higher MVD than which in chronic phase (CP) group (P<0.05). The number of MCs in three groups
of CML was higher than which in control group, and the number of MCs in AMLT group was highest
(P<0.05). Patients with a lower grade of tryptase-positive MCs in CP group survived longer OS and PFS
(P<0.05).

Conclusions: The number of MCs and MVD might be markers for the outcome of patients with CML in
the Chinese population.
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Introduction

Chronic myeloid leukemia (CML) is a myeloproliferative
neoplasm with an incidence of 1-2 cases per 100,000 adults
and accounts for approximately 15% of newly diagnosed
cases of leukemia in adults (1). The disorder typically
progresses through 3 phases: the chronic phase (CP), the
accelerated phase (AP), and the blast phase (BP). Allogeneic
bone marrow transplantation is currently the only proven
cure for CML. However, it is an option only for patients
with good performance status and organ functions, and who
have an appropriate donor (2). Without effective therapy,
most cases of CML progress from CP to BP (directly or
via AP) within 3-5 years after diagnosis. Due to the success
of tyrosine kinase inhibitor therapy, the incidence of AP
and BP has decreased, and the 10-year overall survival rate
for CML is 80-90%. It is urgent to find other targeted
medications and monitoring indicators of CML. The rate
of development of and the growth of the tumor is regulated
by a delicate balance between pro- and anti-tumorigenic
effects, stimulated by the tumor cells themselves, as well as
the surrounding microenvironment (3).

Tumor cells are surrounded by an infiltrate of
inflammatory cells, namely, lymphocytes, neutrophils,
macrophages and mast cells (MCs), which synergize with
stromal cells and malignant cells in a paracrine manner (4).
As a consequence, there is a stimulation of endothelial cell
proliferation and the formation of blood vessels (5,6). MCs
can secrete several classic proangiogenic factors, including
vascular endothelial growth factor (VEGF), fibroblast
growth factor-2 (FGF-2), thymidine phosphorylase, and a
nonclassical proangiogenic factor named tryptase, which is
stored in the secretory granules of the MCs (7). Tryptases
play essential roles in angiogenesis, such as extracellular
matrix degradation, plasminogen activation, fibrinogen
degradation, latent collagenase and matrix metalloproteinase
(MMP) activation, and tryptase-induced endothelial barrier
dysfunction (8).

Increased angiogenesis has long been recognized in
various types of hematologic malignancies, including CML.
Many studies have shown that in multiple myeloma, B-cell
non-Hodgkin’s lymphoma, and myelodysplastic syndrome,
the bone marrow of B-cell chronic lymphocytic leukemia
patients and the number of MCs are significantly correlated
with microvessel density (MVD), and the two indexes
increased simultaneously with increased tumor malignancy
(9-12). However, the correlation between the number of

tryptase-positive MCs and the MVD in the bone marrow of

© Translational Cancer Research. All rights reserved.

Xu et al. MC is an indicator of myeloid transformation

CML patients is rarely reported.

In this study, we aim to describe the relationship between
tryptase-positive MCs and MVD in the different phases of
CML and to determine whether the two indexes affect the
development of CML. Moreover, new parameters for the
prognosis of CML patients may be found in this study.

Methods
Patients

This study examined material that consisted of formalin-
fixed tissue specimens taken from 61 patients treated in
the hematology department of the Affiliated Drum Tower
Hospital of Nanjing University medical school in Nanjing,
China, from 2007 to 2017 and taken from 20 healthy
bone marrow donors. The patient group consisted of
61 patients aged from 14 to 83 years (average, 49). There
were 28 men and 33 women, giving a male: female ratio of
1:1.18. The healthy control group consisted of 20 healthy
bone marrow donors aged from 21 to 50 years (average, 45)
and included 9 men and 11 women, with a male: female
ratio of 1:1.22. Clinical data were collected by reviewing
the patients’ charts and was part of the clinical database
of the hematology department of the Affiliated Drum
Tower Hospital of Nanjing University medical school.
All the cases were reclassified according to the updated
WHO classification. The treatment was either standard or
consistent with the investigational protocols active during
the time the patients were diagnosed. All of the patients
provided informed consent for data analyses in compliance
with the Declaration of Helsinki and the Ethics Committee
of our hospital.

The patient group was divided into 3 additional
groups, including the CP (n=27), the AP (n=14) and the
BP (n=20). The BP group was further divided into an
ALL transformation group (ALLT) (n=6) and an AML
transformation group (AMLT) (n=14).

Immunobistochemistry

The methylmethacrylate-embedded tissue specimens
were cut in 3 pm thick sections. Two murine monoclonal
antibodies (MAbs) against the endothelial cell marker CD34
and against tryptase (Mab AA1, Maixin Company, Fuzhou,
China) were used. The prepared bone marrow specimens
were placed in citrate (pH 6.0) and EDTA9.0 for high-
pressure heat recovery. After natural cooling, the specimens
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Table 1 Tissue density of microvessels and tryptase-positive cell populations
Chronic myeloid leukemia patients
Number of Healthy control BP n=20
group, n=20 CP, n=27 AP, n=14
AMLT, n=14 ALLT, n=6

Microvessels, per 40x HPF 3.13+1.22 12.90+3.76" 14.55+4.77" 27.12+3.83" 23.0022.21%
Tryptase-positive mast cells, per 1 mm? 11.00+4.13 63.35+20.42* 89.08+36.10" 307.15+86.23" 18.00+3.22°

', P<0.05; *, P<0.01 vs. healthy control group; §, P<0.05 vs. CP. CP, chronic phase; AP, accelerated phase; BP, blast phase; AMLT, acute
myelocytic leukemia transformation; ALLT, acute lymphoblastic leukemia transformation.

were rinsed twice with PBS and were then dropped in 3%
H,0, to block endogenous peroxidase. After rinsing 2 times
in PBS, 1:100 anti-tryptase monoclonal antibody and anti-
CD34 antibody were added and incubated at 4 °C overnight.
After rinsing the specimens 2 times in PBS, the secondary
antibodies were added and incubated for 30 min at room
temperature. And the slides were then stained with DAB,
counterstained with hematoxylin, dehydrated, cleared, and
mounted.

Microvessel counts

The diagnosis and counting of bone marrow microvessels
were based on the Weider method, which recognizes the
endothelial cells or endothelial cell clusters that are stained
brown by the CD34 antibody and are separated from nearby
vessels and bone trabecula during the count of microvessels.
The three most vascularized areas (“hot spots”) were
selected at x100 magnification, and the microvessels were
counted at x400 magnification. The means +1 standard
deviation (SD) and the medians were determined for each
section, sample, and group of samples.

Tiryptase-positive MCs counts

In the diagnosis and counting of tryptase-positive MCs in
bone marrow, the brown-stained cytoplasm and granules
under the microscope were considered positive cells. The
MCs were counted in 64 10x10 mesh eyepiece micrometer
x400 fields inside a square reticulum (I mm®) and were
calculated as the means (1 SD and median for each group of
samples).

Statistics

Mean values £1 SD of all the evaluated tissue parameters
are reported in Table 1. The significance of the changes in
the counts of the MVD and the tryptase-positive MCs was
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assessed with a parametric (Fisher test) and nonparametric
(Kruskal-Wallis test) analysis of variance, followed by the
Duncan (t), Bonferroni (t), and Wilcoxon tests, to compare
groups. The Kaplan-Meier method was used for survival
analysis. Correlations between MVD and tryptase-positive
MCs were calculated using Spearmen’s (r) analysis. P<0.05
was considered significant. All the statistical analyses were
performed with the SPSS 11.0 statistical software package.

Results
Patient and bealthy control group characteristics

The basic information of the patients and the healthy
control group in this study is summarized in Table 2. The
patient group included 28 men and 33 women with an age
range of 14 to 83 years (median 49 years). Nearly half of
the patients (44.3%) were diagnosed in the CP, 22.9% of
patients in the AP and 32.8% of patients in the BP (23.0%
in AMLT phase and 9.8% in ALLT phase). The healthy
control group consisted of 9 men and 11 women with an
age range of 21 to 50 years (median 45 years).

The expression of tryptase-positive MCs in the bone marrow

In the healthy control group, the expression of tryptase in
bone marrow was seen in MCs, and most of the expression
was distributed in the main body of the bone marrow and
were also located around vessels. The tryptase markers
were located in the cytoplasm, and those in the nuclei
were covered with the cytoplasm. There were diverse
positive cells, some of which were similar to tadpole cells
(Figure I). The tryptase-positive cells of the CML patients
were scattered through the central part of the bone marrow,
and 2 to 3 cells were occasionally observed in small clusters;
no large clusters were found (Figure I). There were more
tryptase-positive MCs in the bone marrow of CML patients
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Table 2 The characteristics of CML patients and the healthy
control group

Characteristics CML patients r:;?:vr;y dt:):::s
Number 61 20
Age (median, range) 49 (14 to 83) 45 (21 to 50)
Gender, N (%)
Male 28 (45.9%) 9 (45%)
Female 33 (54.1%) 11 (65%)
Phase of disease, N (%) -
CP 27 (44.3%)
AP 14 (22.9%)
BP 20 (32.8%)
AMLT 14 (23.0%)
ALLT 6 (9.8%)

CML, chronic myeloid leukemia; CP, chronic phase; AP,
accelerated phase; BP, blast phase; AMLT, acute myelocytic
leukemia transformation; ALLT, acute lymphoblastic leukemia
transformation.

Xu et al. MC is an indicator of myeloid transformation

than in healthy controls, and this number increasing with
the progression of the disease and peaked in AMLT group
(P<0.05 wvs. control group and CP group) (Table 1). The
increasing number of MCs in bone marrow along with the
development of CML may herald the transformation of
CML into AML. The number of tryptase-positive MCs
may play a role as a new monitoring indicator of CML.

Vascular morphology and MVD in the bone marrow

The healthy control group had straight blood vessel
morphology and less vascular branches (Figure 2). The
morphology of the blood vessels in patients with CML
was as follows: (I) irregular vessels with large branching
vessels; (II) sinus veins; and (III) small vessels without a
lumen (budding of endothelial cells). The MVD in the CP
was more than that in the healthy control group, and the
vascular branching was increased significantly. The BP had
a smaller vascular lumen diameter than the CP, and the
blood vessels appeared more round (Figure 2). The MVD
in CML patients increased with the evolution of the disease
(Tible 1).

Figure 1 Bone marrow specimen showed three groups of the expression of tryptase in the mast cell: (A) healthy control group; (B) chronic
phase of CML; (C) accelerated phase of CML; (D) blast phase of CML. Magnification: x40; mast cells shown in brown. CML, chronic

myeloid leukemia.
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Figure 2 Bone marrow specimens stained with CD34 for microvessels of three groups: (A) healthy control group; (B) chronic phase of
CML; (C) accelerated phase of CML; (D) blast phase of CML. Magnification: x20. CML, chronic myeloid leukemia.

The relationship between tryptase-positive MCs, MVD and
different phases of CMLL

The MVD in different phases of CML (CP 12.90+3.76/40x
HPF, AP 14.55+4.77/40x HPF, BP 25.03+4.03/40x HPF)
were higher than which in control group (3.13+1.22/40x
HPF) (P<0.05). The difference of MVD between CP
and AP group, ALLT (23.00+2.21/40x HPF) and AMLT
(27.12+3.83/40x HPF) group were not significant. BP group
had higher MVD than CP group (P<0.05). The number of
tryptase-positive MCs in CP (63.35+20.42/mm’) and AP
(89.08+36.10/mm’) and AMLT group (307.15+86.23/mm’)
were higher than which in healthy controls (11.00+4.13/mm?)
(P<0.05). The number of tryptase-positive MCs in AMLT
group was higher than which in the CP group (P<0.05). No
difference was found between ALLT group (18.00+3.22/mm”)
and control group (Tuble 1).

The relationship between tryptase-positive MCs, MVD and

clinical parameters

There was no correlation between the number of tryptase-
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positive MCs and the white blood cell, hemoglobin, and
platelet counts, as well as the percentages of blast cells,
eosinophils and basophils in the blood smears and bone
marrow smears (P>0.05). There was also no correlation
between the number of tryptase-positive MCs in each phase
of CML and the number of hot spots in bone marrow
(P>0.05). There was no relationship between MVD and
clinical parameters mentioned above as well (P>0.05) (Zible 3).

Survival analysis

The OS and PFES of the different level of tryptase-positive
and different phases of CML are shown in Figure 3. The
result showed that patients with lower grade of tryptase-
positive MCs in CP phase of CML survived longer OS
(P=0.613) and PFS (P=0.282) (Figure 3).

Discussion

This paper shows that the number of tryptase-positive MCs
and the MVD increased during the development of CML.
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Table 3 The relationship between tryptase-positive mast cells, microvessel density and some clinical parameters

Blood indicators N Tryptase (n/HPF) P MDV P
White blood cell (x10°%) 0.428 0.372
<50 21 108.12+28.23 21.89+3.78
>50 40 132.16+£32.18 17.63+4.28
Hemoglobin (g/L) 0.268 0.219
<120 53 163.35+34.72 18.63+2.29
=120 8 99.23+54.16 26.78+2.56
Plates (x10°) 0.384 0.516
<450 58 110.18+24.19 17.78+2.10
=450 3 189.78+56.98 18.29+3.17
Peripheral blasts (%) 0.629 0.278
0% 34 112.89+45.63 15.29+1.28
1-2% 11 121.43+34.83 18.19+2.17
>3% 16 125.34+23.68 18.46+3.35
Peripheral basophils (%) 0.765 0.208
<4% 29 119.48+23.75 19.82+2.18
>4% 32 123.73+47.53 16.94+3.46
Marrow blasts (%) 0.125 0.392
<5% 42 89.43+67.42 18.73+2.31
>5% 19 134.72+45.89 17.19+3.18
Marrow basophils (%) 0.098 0.439
<4% 45 75.85+59.91 19.83+2.98
>4% 16 143.78+36.82 17.63+3.29
A B
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Figure 3 Kaplan-Meier curves. (A) Overall survival (OS) for chronic phase, accelerated phase, blast phase of CML; (B) progression free
survival (PFS) for chronic phase, accelerated phase, blast phase of CML. CML, chronic myeloid leukemia.
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And there was the correlation between tryptase-positive
MC:s and bone marrow angiogenesis in the phases of CML.
MCs can be attracted by tumor cells in the tumor
microenvironment and produce several angiogenic factors
as well as MMPs, which promote tumor vascularization
and invasiveness, respectively (13). Also, MCs exert
immunosuppression and stimulate immune tolerance
and tumor promotion (14,15). Elpek et a/. reported
that MC density was associated with the depth of wall
invasion, lymph node metastasis, and tumor progression
(stage) in patients of squamous cell carcinoma (16).
Besides, Ko et al. demonstrated that MCs infiltration was
potentially increased in tumors compared with normal
tissues from lung, breast, and colon, by studying mouse
models, suggesting that MCs might participate in tumor
development (17). What’s more, Ribatti er a/. proved that
MCs were associated with tumor progression in multiple
myeloma, B-cell non-Hodgkin’s lymphoma, myelodysplastic
syndromes, and B-cell chronic lymphocytic leukemia
(9-12,18). MC:s store in their secretory granules pre-formed
active serine proteases, including tryptase (19). We used the
anti-tryptase antibody to detect the number of tryptase-
positive MCs in the bone marrow of patients with CML,
and the results showed that the number of tryptase-positive
MCs in CML patients increased significantly compared to
the healthy control group. In the progression of the CP to
the AP and to the AML transform phase, the difference in
the number of tryptase-positive MCs between groups was
statistically significant, suggesting that tryptase in MCs
may play a role in the pathogenesis and progression of
CML. Maltby ez al. suggested that MC infiltration into a
developing tumor triggers an “angiogenic switch”. At early
stages of tumor development, MCs direct angiogenesis
in the developing tumor, while at later stages, the tumor
cells take control of growth and angiogenesis, and growth
becomes MC-independent (20). This phenomenon may
explain the tryptase-positive MC counts in the ALLT phase
being not significantly different from that of the healthy
control group.

MCs release a variety of factors known to enhance
angiogenesis, namely, heparin and histamine, a variety
of cytokines, such as transforming growth factor-beta,
tumor necrosis factor-o, interleukin-8, basic fibroblast
growth factor or FGF-2 and VEGE, which are implicated
in normal, as well as tumor-associated angiogenesis (21).
Ribatti et al. have shown that tryptase released by MCs plays
a vital role in neovascularization. Direct addition of tryptase
to microvascular endothelial cells cultured on Matrigel
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caused a pronounced increase in capillary growth, which
was suppressed by specific tryptase inhibitors, and tryptase
directly induced endothelial cell proliferation in a dose-
dependent fashion (22). We used a CD34 antibody to label
microvessels in bone marrow and found that the number
of microvessels was decreased, their shape was straighter,
and the vascular branches were rarer in the healthy
control group than in the CP of CML. The increased
microvessel count, larger luminal diameter, and irregular
vascular branches suggested abnormal proliferation of
CML cells leading to tissue hypoxia. This outcome may
stimulate VEGF to cause abnormal angiogenesis, resulting
in increases in vascular size and number to maintain
the oxygen concentration in the tissue. In the BP, the
number of microvessels further increased, but the lumen
diameter commonly showed a small-bore round shape.
The morphological changes described above indicated that
one change to blood vessels in CML patients is budding
growth, with other changes being non-budding growth and
vessel wall concavity, leading to the eventual rupture of the
vascular lumen.

Many studies have shown that MCs are closely associated
with angiogenesis in tumors, including hemangiomas,
carcinomas, lymphomas and multiple myelomas. MCs
preferentially accumulate in peripheral areas and within the
surrounding connective tissue and rest near or around blood
or lymphatic vessels (23). MCs are recruited and activated
via several factors secreted by tumor cells, such as the c-kit
receptor as well as FGF-2, and VEGF (24). However, in
our study, there was no statistically significant difference
between the number of tryptase-positive MCs and the MVD
in CML patients. The adverse outcomes observed in our
study may have been due to the following reasons: the small
sample size of our research patient population, the location
and ethnicity of our patients, or the specificity of CML
compared to other hematologic malignancies. Schmidt
et al. suggested that parallelisms between angiogenesis
in solid tumors and in hematological diseases have been
recognized in recent years, but we still lack fundamental
insight into how vessels support hematological diseases and
how this can be successfully targeted in clinical settings (25).
Thus, the angiogenesis of CML is still a mystery that needs
more research. There are thousands of factors that may
contribute to the development of CML, and the MCs may
not be the most important one, as there may be unknown
but essential factors that lead to the angiogenesis of CML.

The previous literature has shown that increased MC
number correlates with a poor prognosis in several human
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tumors, including melanoma, oral squamous carcinoma,
squamous cell carcinoma of the lip, and breast cancer
(11,26-28). A recent study showed that the KIT-blocking
TKI imatinib produces a profound decrease in MCs in
patients with Ph+ CML (29). In our study, patients in the
CP had fewer MCs and longer survival times than the other
phases of CML. Therefore, the number of MCs may have
an important inverse relationship with the prognosis of
CML, and MCs might act as a new target for the treatment
of tumors through the selective inhibition of angiogenesis
and via other mechanisms (30). The number of MCs in bone
marrow may be a new parameter for the prognosis of CML.
In conclusion, our study found that there was no
statistically significant difference between the number of
tryptase-positive MCs and the MVD in CML patients.
The microenvironment of tumors is too complicated
to be clarified; however, interventions targeting the
microenvironment may be promising therapeutic
approaches to delay the progression of the disease. The
increasing number of tryptase-positive MCs along with
the progression of CML may herald the transformation
from CML into AML. The number of tryptase-positive
MCs may play as a new monitoring indicator which is
easy operated and with the value of assisting diagnosis and
predicting the transformation and prognosis of CML.
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