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Abstract The aim of this study was to investigate the
density of mast cells and microvessels in minor salivary
gland tumors. Forty-one cases of minor salivary gland
tumors (pleomorphic adenoma, n010; adenoid cystic carci-
noma, n011; mucoepidermoid carcinoma, n010; and poly-
morphous low-grade adenocarcinoma) were investigated
using immunohistochemistry for mast cell tryptase and
von-Willebrand factor. Density of mast cells was higher in

mucoepidermoid carcinoma; however, no differences in the
number of these cells were observed between the different
types of tumors (p>0.05). The number of mast cells was
higher in periparenchymal areas in all tumors, but the dif-
ference was not significant (p>0.05). Mucoepidermoid car-
cinoma showed the largest number of periparenchymal mast
cells, whereas pleomorphic adenomas showed the smallest
number of intraparenchymal mast cells (p>0.05). The high-
est microvessel density was observed in mucoepidermoid
carcinomas, being this difference statistically significant
when mucoepidermoid carcinoma was compared to pleo-
morphic adenoma (p00.0034) and polymorphous low-grade
adenocarcinoma (p00.004). Microvessel density was signif-
icantly higher in adenoid cystic carcinoma when compared
to pleomorphic adenoma (p00.0406) and polymorphous
low-grade adenocarcinoma (p00.0123). Comparison of
mast cells and microvessel densities showed no significant
difference between tumors. A quantitative difference in mast
cells and microvessels was observed, particularly in mucoe-
pidermoid carcinoma, a finding supporting the aggressive
behavior of malignant salivary gland tumors without myoe-
pithelial differentiation. Further studies are needed to deter-
mine the role of mast cells in angiogenesis, as well as in the
development and biological behavior of these tumors.
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Introduction

Tumors arising from the minor salivary glands account for
10–15 % of all salivary gland tumors and are found in the
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palate, lips, buccal mucosa, tongue, and floor of the mouth,
among other sites [1–3]. Minor salivary gland tumors are a
highly heterogenous group because of their cytoarchitec-
tural diversity and distinct biological behavior [4, 5]. There-
fore, various studies have tried to predict the course of these
tumors [6–8]. According to Nguyen et al. [9], salivary gland
tumors differ in terms of myoepithelial cell content, a fact
that may influence the outcome of these tumors and their
capacity to develop metastases.

Tumor growth and development are dynamic processes
that are regulated by molecular changes triggered by the
tumor cells themselves and microenvironmental conditions
that favor cell survival and multiplication. These conditions
include the adequate supply of oxygen and nutrients, as well
as the supply of certain cytokines, growth factors, and cell
components such as mast cells [10–12]. Mast cells are bone
marrow-derived cells widely found in human tissues
[13–15] which play an important role in allergic reactions,
inflammation, and T cell-mediated immune responses [16].
In addition, these cells play a key role in the dynamic of
tumor growth and development, influencing angiogenesis,
tissue remodeling, and the host immune response [10,
16–18]. Mast cells are found primarily near the tumor where
they interact with the tumor microenvironment through sur-
face molecules, cytokines, and growth factors, contributing
effectively to progression of the tumor [18–20].

Angiogenesis is a fundamental coordinated process that
is required for tumor development and progression. Within
this context, mast cells secrete growth factors and cytokines
that participate in tumor angiogenesis [9, 20]. Furthermore,
these cells produce enzymes that degrade the extracellular
matrix [16, 21] and cytokines that participate in immune
response modulation [22]. Taken together, these factors
facilitate tumor growth, invasion, and metastasis [23–25].

The tissue stroma plays an essential role in the preserva-
tion of epithelial tissues since minor alterations in these
tissues are followed by corresponding changes in the stroma
[26]. Therefore, this study investigated the distribution of
mast cells (MCs) and microvessel density in a series of
minor salivary gland tumors.

Material and methods

Following approval by the Ethics Commitee of School of
Dentistry, Federal University of Bahia, Salvador, Bahia,
Brazil, 41 minor salivary gland tumors were studied. The
sample consisted of 10 cases of pleomorphic adenoma (PA),
11 cases of adenoid cystic carcinoma (ACC) (5 tubular, 5
cribriform, and 1 solid), 10 cases of low-grade mucoepider-
moid carcinoma (MEC), and 10 cases of polymorphous
low-grade adenocarcinoma (PLGA). They were retrieved
from the Archives of the Pathological Anatomy Service,

Faculty of Dentistry, Federal University of Bahia, and from
the Aristides Maltez Hospital, Salvador, Bahia. The histo-
pathological diagnosis was revised and classified by an
experienced oral pathologist (JNS) based on the current
world health organization classification [27].

Cut sections (3 μm) obtained from paraffin-embedded
specimens were deparaffinized in xylene (two times for
10 min) and absolute alcohol (two times for 5 min) at room
temperature. Antigen retrieval was performed by incubating
the sections in 1 % trypsin at 37 °C for 30 min (three cycles
of 10 min each) for mast cell tryptase antibody (1:50, clone
AA1, Dako Corporation, Carpinteria, CA, USA) and in
citrate, pH 6.0, at 98 °C for 40 min for von-Willebrand
factor (1:50, clone F8/86, Dako Corporation). Next, the
sections were incubated with the primary antibody diluted
in antibody diluent in addition to background-reducing com-
ponents (Dako Corporation) at 4 °C, overnight. The poly-
mer (EnVision™, Dako Corporation) was then applied for
30 min at room temperature, followed by the development
of the reaction with 3,3-diaminobenzidine (Dako Corpora-
tion) as chromogen solution for 5 min in a dark chamber.
Afterward, sections were counterstained with Harris hema-
toxylin. Pyogenic granuloma specimens were used as posi-
tive control. The negative control consisted of replacement
of the primary antibody with normal serum of the same
isotype as the primary antibody.

The presence or absence of MCs in the different minor
salivary gland tumors was determined using mast cell tryp-
tase antibody. Positive cases were identified by brown stain-
ing of the cells. In addition, the shape of the cells was
evaluated. The presence or absence of blood vessels in the
different minor salivary gland tumors was evaluated using
von-Willebrand factor. Positive cases were identified by
brown staining of endothelial cells in areas of greatest
confluence (hot spots).

Histological analyses consisted of the observation of MCs in
the tumor stroma and parenchyma, avoiding areas of significant
inflammation. Mast cells were classified as intraparenchymal or
periparenchymal as described by our team [28].

Histomorphometric assessment was carried out by two
trained observers under a high-definition light microscope at×
400 magnification (Axiostar Plus, Zeiss, Germany). Up to 10
high-power fields were analyzed, and the results were recorded
with a digital camera (Axiocam Icc3, Zeiss). Mast cell count
and vessel density per square millimeter2 were determined
using specific software (Axiovision Rel 4.8, Zeiss, 2008), and
mean counts were determined for each case. Microvessels were
counted in a given area (in square millimeter), excluding those
with a lumen>50 μm [29]. Both observers were unaware of the
microscopic diagnosis and previous results.

The number of MCs in the tumors studied was used as a
cut-off value to compare the distribution of these cells with
microvessel density. For this purpose, each tumor type was
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divided into two groups (mast cell count > median and mast
cell count < median), and these groups were compared.

Differences between groups were evaluated using the
Kruskal–Wallis test, followed by Dunn’s test and the Mann–
Whitney test. All statistical calculations were performed using
the GraphPad Prism 5.0 program (San Diego, USA). A p
value<0.05 was considered to be statistically significant.

Results

MCs were detected in all tumors studied. These cells were
located often close to blood vessels and showed variable
morphology (oval, elongated, or round). This cell population
was concentrated in periparenchymal areas and was heteroge-
neously distributed, irrespective of the morphological pattern
of the tumors, except for PA in which these cells were more
concentrated in the fibrous capsule (Fig. 1). Degranulation of
mast cells was observed in some cases. Few mast cells were
detected in the parenchyma of normal salivary glands.

Although the density of MCs was higher in MEC, no
significant differences in the number of MCs were observed
between the different types of tumors studied (p00.1310;
Kruskal–Wallis test). The number of MCs was higher in peri-
parenchymal areas in all tumors studied, but the difference was
not significant (p00.1310; Kruskal–Wallis test).

Comparison of the number ofMCs between the histological
subtypes of tubular (density: 7.6) and cribriform (density: 5.4)
ACC showed no significant difference (p00.5476; Mann–
Whitney test).

The analysis of periparenchymal MCs distribution
revealed that MEC presented the largest number of mast
cells (mast cellperi010.49; mast cellintra01.01; p<0.0001;
Mann–Whitney test), whereas PA contained the smallest
number (mperi06.09; mintra01.57; p<0.0003; Mann–Whit-
ney test). Intraparenchymal mast cell staining varied signif-
icantly between the different groups of tumors (p<0.0001;
Kruskal–Wallis test). The ACC exhibited the smallest num-
ber of intraparenchymal mast cell (mintra00.13; mperi07.45;
p<0.0007; Mann–Whitney test). The higher number of
intraparenchymal mast cell staining was observed in PA
and MEC, with the observation of a significant difference
when comparing MEC versus ACC (p<0.001; Kruskal–
Wallis test and Dunn’s post-test) and PA versus MEC (p<
0.001; Kruskal–Wallis test and Dunn’s post-test). Table 1
summarizes the results of statistical analysis.

The different histological patterns of ACC (cribriform: p<
0.0079 and tubular: p<0.0556; Mann–Whitney test) showed a
significantly larger number of mast cells in periparenchymal
areas in relation to intraparenchymal areas.

Microvessel staining using anti-factor VIII antibody was
seen in almost all tumors (Fig. 2), except for one case of PA
and two cases of PLGA. Elongated or round, sometimes

collapsed, vessels without a lumen were seen. The vessels
were found mainly near the tumor parenchyma, irrespective
of histological subtype. In normal salivary glands, few vessels
were detected in the glandular stroma. The highest microvessel
density was observed in MEC, followed by ACC, PA, and
PLGA (Fig. 3). This difference was statistically significant
when MEC was compared to PA (p00.0034, Mann–Whitney
test) and PLGA (p00.004, Mann–Whitney test). Microvessel
density was significantly higher in ACCwhen compared to PA
(p00.0406, Mann–Whitney test) and PLGA (p00.0123,
Mann–Whitney test). However, no significant difference in
microvessel density was observed between ACC and MEC
(p00.3627, Mann–Whitney test), between PA and PLGA (p0
0.5935, Mann–Whitney test), or between the histological sub-
types of ACC (p00.1732, Mann–Whitney test). Comparison
of mast cell density versus vessel density showed no signifi-
cant difference for any of the tumors studied (MEC: p00.832;
ACC: p00.0593; PLGA: p00.3976; PA: p00.6714; Mann–
Whitney test).

Discussion

Our results showed that the mast cell and microvessel den-
sities were higher in MEC when compared to PA. Taken
together, the results obtained for these two neoplasms and
for ACC and PGLA permit to speculate about the influence
of myoepithelial cells on the aggressiveness of malignant
salivary gland tumors [9, 25, 30–34].

To our knowledge, little is known about the distribution
of MCs in minor salivary gland tumors [35–37], although
some studies have described these cells in tumors originated
from major salivary glands [36–43]. However, most of these
studies have focused on Warthin tumors, using different
methodologies [38–44]. In addition, previous studies have
demonstrated a higher number of MCs in the peritumoral
area [36, 41, 45]. In the study of Katopodi et al. [36], the
authors detected no intraparenchymal MCs in PAs. This
finding is in contrast to the present study in which intra-
parenchymal MCs were observed in this benign tumor, as
well as in MEC, ACC, and PLGA.

MCs were more frequently found in the periparenchymal
areas than in the intraparenchymal areas. Despite this distri-
bution, some investigators observed a similar peritumoral
distribution of MCs in malignant tumors of different origins
[46, 47]. This mast cell distribution has also been seen by
our team in odontogenic tumors [28]. According to Maltby,
Khazaie and McNagny [10], the peritumoral location of
mast cells suggests that the recruitment of these cells occurs
in two ways: migration of MCs from neighboring healthy
tissues, or migration of mast cell progenitors through blood
vessels near the tumor. The extracellular matrix might also
influence this finding, as MCs have a high affinity for the
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adsorption to fibronectin induced by stem cell factor (SFC)
or from integrin receptors [48–50].

In the present study, a significant difference in mast cell
count was observed between the periparenchymal and intra-
parenchymal regions. However, this variation in the intra-
parenchymal region called attention since the sequential
mean differed from that of the periparenchymal region.
The meaning of this result in the intraparenchymal region

seems to be conflicting as demonstrated by different inves-
tigators. Studies on prostate cancer have demonstrated a
relationship between mast cell distribution and tumor prog-
nosis, with intratumoral MCs being related to a better prog-
nosis, whereas peritumoral MCs are associated with a poor
prognosis [51, 52]. In contrast, Watanabe et al. [53] showed
an inverse proportion between cell apoptosis and intratumoral
mast cell tryptase density in patients with hemodialysis-renal

Table 1 Density of mast cells and their distributions (Mann–Whitney test)

Tumor type Total density (cells/mm2) Periparenchymal density Intraparenchymal density p value

Pleomorphic adenoma 7.66 6.09 1.57 <0.0003

Mucoepidermoid carcinoma 11.5 10.49 1.01 <0.0001

Cystic adenoid carcinoma 7.58 7.45 0.13 <0.0007

Low-grade polymorphic adenocarcinoma 7.04 6.66 0.38 <0.0001

Fig. 1 Pleomorphic adenoma: elongated and oval mast cells located in
the extracellular matrix close to tumor parenchyma (a). Oval mast cells
located in the tumor parenchyma amidst ovoid to plasmacytoid cells (b).
Note mast cells concentrated on fibrous capsule (c). Mucoepidermoid
carcinoma: accumulation of mast cells mainly in the tumor stroma (d).

Papillary cystic growth showingmast cells with variable shape (e). Cystic
adenoid carcinoma: tubular pattern showing a few mast cells in the
periparenchymal region (f). Cribriform pattern showing mast cells close
to blood vessels (g). Polymorphous low-grade adenocarcinoma: note a
fewmast cells close to blood vessels and distributed in hyaline stroma (h)
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cell carcinoma, as well as a higher proliferation index, local
invasion, and metastasis in some of these cases. In the present
study, the highest intraparenchymal mast cell density was
observed in MECs when compared to the other malignant
tumors, as well as when compared to periparenchymal MCs.
Studies involving a larger number of cases and tumors with
variable grades of malignancy may help clarify this aspect.

An interesting finding was the high concentration of MCs
in areas of fibrosis seen in many PA cases, as well as in the
fibrous matrix of the other malignant tumors studied.
Ahmed et al. [54] suggested a direct relationship between
mast cells and intramedullary fibrosis. Pereira et al. [28]
raised the hypothesis of the growth and expansion of

odontogenic tumors through collagen synthesis mediated
by MCs. The tissue remodeling capacity of MCs through
the synthesis of collagen has been suggested to be due to the
release of fibrogenic molecules such as TGF-beta [55].
Mangia et al. [17] showed that during breast cancer progres-
sion, MCs contribute to tissue remodeling characterized by
the differentiation of fibroblasts into myofibroblasts through
the release of mast cell tryptase into the tumor stroma.
Therefore, the rich extracellular matrix produced through
these mechanisms may explain the higher mast cell density
found in PAs when compared ACCs and PLGAs. In addi-
tion the capsular fibrosis mediated by MCs and commonly
seen in PAs may influence tumor growth.

The histology of salivary gland tumors is complex, and
several studies have tried to identify biomarkers that help
distinguish these tumors [8, 56–58]. In this respect, although
the mast cell population does not contribute to the morpho-
logical distinction of these tumors, it can be used to identify
differences in the biological behavior between PAs and
mucoepidermoid and cystic adenoid carcinomas since mean
periparenchymal mast cell numbers were higher in the last
two tumors. In addition, we observed little difference in
mast cell density between PAs and PLGAs. This finding
might be related to the low aggressiveness of the latter
which shows low rates of metastasis and recurrence [59].

The observation of MCs around blood vessels suggests an
intimate communication between this cell population and the
tumor vasculature [58]. This feature makes a favorable envi-
ronment for neoplastic development which involves signaling
molecules that regulate mast cell biology during tumorigenesis.
MCs play an important role in the process of extracellular
matrix remodeling during neoplastic transformation, secreting
proteolytic enzymes that favor the migration of endothelial and

Fig. 2 Immunostaining of
blood vessels located in the
stroma corresponding to
pleomorphic adenoma (a),
mucoepidermoid carcinoma
(b), adenoid cystic carcinoma
(c) polymorphous low-grade
adenocarcinoma (d)
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Fig. 3 Microvessel density in minor salivary gland tumors
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tumors cells, and angiogenic factors stored in stromal tissue
[10, 60–62].

Microvessel density was significantly higher in MEC
and ACC when compared to PA and PLGA, a finding
supporting the aggressive behavior of these malignant
tumors. Although they used other vascular markers,
Cardoso et al. [25] also demonstrated a higher micro-
vessel density in MEC, followed by PGLA. Similar
findings have been reported by Demasi et al. [63]. This
high density of microvessels in MECs might be attribut-
ed to the absence of myoepithelial content in these
tumors [25, 33, 34]. Further, myoepithelial cells secrete
proteinases and express genes that inhibit angiogenesis,
promoting a tumor environment that does not favor the
formation of blood vessels and consequent tumor devel-
opment [9, 31–33]. It is therefore believed that human
myoepithelial cells, even when transformed, are natural
suppressors of angiogenesis [9].

We found no significant difference in mast cell distribu-
tion or microvessel density between the different tumors
studied. This lack of significant difference has also been
reported by some investigators for different malignant
tumors [47, 64–66], but not by others [67, 68]. However,
we demonstrated that microvessel density was similar in PA
and PLGA, but still lower than in MEC and ACC. this
finding might be explained by the fact that the first two
tumors are well differentiated. In addition, we found no
difference in mast cell count or microvessel density between
the cribriform and tubular subtypes of ACC. However, an
increased mast cell population was observed in the solid
variant, but this variant was only represented by one case.
Further studies are needed to analyze the density of mast
cells in the solid variant, which shows a poor prognosis that
might be related to a larger number of MCs. It is important
to state that the lack of myoepithelial differentiation results
in a higher proportion of proangiogenic factors compared to
antiangiogenic factors, thus favoring tumor development.

Finally, although the present study failed to demon-
strate a significant relationship between mast cell and
microvessel density in different salivary gland tumors, a
quantitative difference in MCs and microvessels was
observed, particularly in MEC, a finding supporting
the aggressive behavior of malignant salivary gland
tumors without myoepithelial differentiation. Further
studies are needed to determine the role of mast cells
in angiogenesis, as well as in the development and
biological behavior of these tumors.
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