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Abstract The aim of this study was to investigate the
presence of mast cells in a series of odontogenic tumors.
Forty-five cases of odontogenic tumors were investigated
using immunohistochemistry for mast cell triptase, and
differences between groups were statistically evaluated.
Mast cells were present in 96% of odontogenic tumors.
Mast cells present in solid ameloblastoma were observed in
the tumor stroma surrounding more solid and follicular
epithelial islands, with or without squamous metaplasia.
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The odontogenic mixoma showed few mast cells. In
odontogenic tumors with a cystic structure, the mast cells
were distributed throughout all areas of the lesions, mainly
in keratocystic odontogenic tumor. In addition, the total
density of mast cells between all odontogenic tumors
showed no significant difference (p>0.05). A greater mast
cells distribution was found in keratocystic odontogenic
tumor in relation to adenomatoid odontogenic tumor (p<
0.01), and when the unicystic ameloblastoma and kerato-
cistic odontogenic tumor were compared to the odontogenic
myxoma (p<0.05). Syndrome keratocystic odontogenic
tumor showed a higher mean of mast cells when
compared with the other tumors of the sample. Mast
cells values presented by syndrome keratocystic odonto-
genic tumor were significantly greater than those of the
sporadic keratocystic odontogenic tumor that were not
associated with the syndrome (p=0.03). Mast cells are
probably one of the major components of the stromal
scaffold in odontogenic tumors. We found significant
differences of mast cells between syndrome nonsyndrome
keratocystic odontogenic tumors, although their distribu-
tion did not seem to have any influence on the biologic
behavior of benign odontogenic tumors.
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Introduction

Odontogenic tumors (OTs) are derived from epithelial and/
or ectomesenchimal cells of either the forming dental organ
or associated structures. They are considered to be
important for both oral and maxillofacial surgery and
pathology as they cause extensive bone destruction [1-4].
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Due to significant clinical and histopathological diversity
between the entities that are part of their spectrum, OTs are
heterogeneous and can vary from a nonneoplastic prolifer-
ation to a benign or malignant lesion with metastatic
capacity [4, 5].

Mast cells (MCs) are bone marrow-derived cells [6, 7]
that are widely found in human tissues [8]. They are
classified according to the secretion of proteins called
endopeptidases and are divided into tryptases and chymases
[9]. MCs are also considered to be important in tumorigen-
esis because they play a key role in the dynamics of tumor
growth. These cells influence angiogenesis, tissue remodel-
ing and a host’s immunological response [10—12]. More-
over, there is evidence of an association between the
density of MCs and the process of tumor development.
These cells are primarily present close to the tumor,
interacting with the tumoral microenvironment via surface
molecules, cytokines and growth factors, effectively con-
tributing to the progression of the tumor [10, 11, 13-15].

The tissue stroma plays an essential role in the
preservation of epithelial tissues as minor alterations in
the epithelial tissue are followed by corresponding changes
in the stroma [16]. Given that MCs may accumulate on
sites at which neoplastic lesions develop and that little is
known about both their role and behavior in OTs, the aim
of this study was to examine the distribution of MCs
present in a series of benign OTs.

Material and methods

Following approval by the Ethics Committee (Protocol
number: 25/10) of the School of Dentistry of the Federal
University of Bahia, 45 cases of OTs diagnosed at the
Laboratory of Surgical Pathology of the School of Dentistry
of the Federal University of Bahia were reviewed.
Histological diagnosis were revised and classified by an
experienced oral pathologist (JNS) based upon the current
World Health Organization (WHO) classification [17].

The sample consisted of 10 solid ameloblastomas (SAs),
10 unicystic ameloblastomas (UAs), 10 keratocystic odon-
togenic tumor (KOTs: five sporadic KOTs and five
syndrome KOTs), six adenomatoid odontogenic tumors
(AOTs), five odontogenic mixomas (OMs), and four cystic
calcifying odontogenic tumors (CCOTs).

Sections (3 wm) cut and 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. For antigen retrieval of
monoclonal mast cell triptase antibody (1:50, clone AAL,
Novocastra Laboratories, Newcastle), the sections were
treated with a 1% trypsin solution at 37°C for 30 min. The
endogenous peroxidase activity was blocked by using a 3%

@ Springer

hydrogen peroxide solution for 30 min. Next, the sections
were incubated with the primary antibody diluted in antibody
diluent in addition to background-reducing components
(Corporation, Carpinteria, CA, USA) at 4°C overnight. The
EnVision Polymer (Dako Corporation, Carpinteria, CA, USA)
was then applied for 30 min at room temperature, followed by
the development of the reaction with 3,3-diaminobenzidine
(Dako Corporation, Carpinteria, CA, USA) as chromogen
solution for 5 min in a dark chamber. Afterward, sections were
counterstained with Harris hematoxylin. Piogenic granuloma
sections were used as positive controls for the mast cell
triptase. For negative control, the primary antibody was
replaced by a nonimmune serum.

Histological analyses included the observation of the
MCs on both stroma and the parenchyma of the tumors,
avoiding areas of significant inflammation. When the MCs
were observed on the parenchyma of the lesion, they were
considered to be intraparenchymal. When they were located
at the stroma, they were referred to as periparenchymal.
However, the total count including both areas was also
considered. In addition, the shape of the cells and the
presence of degranulated MCs were also described.

The histomorphometric assessment was carried out by two
trained observers (F.A.C.P and J.N.S) using high definition
light microscopy x 400 (Axiostar Plus, Zeiss, Germany, %400)
in up to 10 high power fields using a digital camera for
recording (Axiocam Icc3, Zeiss, Germany), and both observ-
ers were blind to the microscopic diagnosis and previous
value of count. Mast cell count per square millimeter was
performed using a specific software (Axiovision Rel 4.8,
Zeiss, Germany 2008). Quantification of positive cells was
calculated by the mean count found in each case.

Differences between groups were evaluated using the
Kruskal-Wallis test followed by the Dunn’s test and the
Mann—Whitney test. All statistical calculations were performed
using the GraphPad Prism 4.0 program (San Diego, USA). A
p-value<0.05 was considered to be statistically significant.

Results

MCs were present in 96% of tumors, except for two
ameloblastoma cases (one solid and one unicystic). Morpho-
logically, these cells had an elongated, oval, and/or rounded
shape, with brownish immunostaining, commonly located
close to blood vessels. In general, MCs were primary located
in the periparenchymal region of the OTs, whereas relatively
fewer MCs were found within the tumor’s parenchyma. A
summary of the statistical analysis is seen on Table 1.

MCs present in solid ameloblastoma were observed in
the tumor stroma surrounding more solid and follicular
epithelial islands, with or without squamous metaplasia
(Fig. la). The intraparenchymal MCs were seen at the
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Table 1 Distribution of MCs in benign odontogenic tumors
Tumor Periparenchymal Intraparenchymal Total count Periparenchymal x
count (Mean+SD) count (Mean+SD) (Mean+SD) intraparenchymal
Solid ameloblastoma 2.63+£1.64 0.49+0.63 3.02+0.63 p<0.05*
Unicystic ameloblastoma® 2.51+1.16 0.67+0.82 3.16+1.43 p<0.05"
Syndrome keratocystic odontogenic tumor® 4.76+1.18 0.26+0.37 4.76+1.03 p<0.05*
Nonsyndrome keratocystic odontogenic tumor® 2.66+1.33 0.46+0.21 2.82+1.82 p<0.05*
Odontogenic myxoma - - 1.30+0.26 -
Adenomatoid odontogenic adenomatoid® 0.95+0.28 0.80+0.77 1.75+0.62 p>0.05"
Calcifying cystic odontogenic tumor® 1.95+0.79 2.25+1.78 2.76+0.66 -

# Mann—Whitney test

°In these lesions, the periparenchymal region corresponded to the fibrous cystic wall whereas the intraparenchymal area corresponded to the

epithelial lining

periphery of the tumor islands (Fig. 1b, and Fig. 3a, c), and
in areas corresponding to stellate reticulum of ameloblas-
tomas (Fig. 1¢). The OM showed few MCs (Fig. 1d), which
were more frequently located next to the bone trabeculae
within the tumor and adjacent to areas of bone sclerosis.
Regarding OMs, MCs were exclusively seen in the
extracellular matrix. In this tumor, it is not possible to
establish a well-defined boundary between the tumoral
stroma and the parenchyma.

In OTs with a cystic structure (KOT, UA, CCOT, and
AOT), the MCs were distributed throughout all areas of the
lesion including the deepest areas of the cystic capsule, the
intermediate areas and the areas close to the epithelial lining
mainly in KOTs (Fig. le-h). Those areas next to the

epithelial lining showed the highest concentration of cells
except when there was subepithelial hyalinization such as
in UA (Fig. 2a). In addition, a few mast cells were located
within the cystic epithelium (Fig. 1b, e, h, Fig. 2a, d, and
Fig. 3d) and in areas close to calcification (Fig. 3b).
Another finding observed was the presence of an intense
degranulation process of mast cells in the vicinity of bone
tissue such as those tumors presenting bone sclerosis and
amidst bone trabeculae (Fig. 2c, f) except for AOT that
showed an absence of MCs in those areas. Degranulated
MCs were also surrounding or amidst ghost cells (Fig. 2d)
as well as close to and in areas of inflammation (Fig. 1e).
Further, MCs were located in and near the epithelial
parenchyma of AOTs (Fig. 3a, c).

Fig. 1 Solid ameloblastoma. a MCs with elongated and angular cells
along the fibrous stroma and next to tumoral islands displaying
squamous metaplasia; note degranulated MCs. b Cystic area display-
ing mast cells within the epithelial lining and scattered in the fibrous
wall. ¢ A few MCs immersed in a sheet composed of stellate
reticulumlike tumor cells. Odontogenic mixoma. d Tumor displaying
rare MCs present in the extracellular matrix. Keratocystic odontogenic

tumor. e A high number of MCs scattered throughout cystic fibrous
wall that shows marked chronic inflammation. f MCs are concentrated
in the subepithelial region close to blood vessels. g Note MCs close to
the area with a tendency to split subepithelial formation. h MCs with
different shapes located along the cystic fibrous wall; note the MC
located on the basal cell layer
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Fig. 2 Unicystic ameloblastoma. a Tumor displaying no MCs in the
area corresponding to the subepithelial hyalinization. b Angular MCs
close to vessels and along the cystic fibrous wall. ¢ Degranulated MCs
close to blood vessels are present in the deeper region corresponding
to the cystic fibrous wall and close to bone sclerosis. Odontogenic

Using the Kruskal-Wallis test, a statistical comparison of
the total density of MCs between all OTs showed no
significant difference (p>0.05). However, a significant
difference was found when the UA and KOT were compared
to the OM using the Dunn’s test (»p<0.05) as both UA and
KOT exhibited greater MCs density. Similarly, using the
Mann—Whitney test, there was also no statistically significant
difference when comparing the density of intraparenchymal
and periparenchymal MCs. However, a greater MCs distri-
bution was found in KOT in relation to AOT (p<0.01).

Fig. 3 Adenomatoid odontogenic tumor. a Rare MCs present within
the tumor parenchyma and close to blood vessels. b Cystic area
displaying a few MCs that are close to congested blood vessels and to
calcification. ¢ Small cluster of MC next to the ductlike structure. d
Cystic area displaying MCs within the cystic epithelial lining and a
few located in the subepithelial region
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calcifying cystic tumor. d Several MCs surrounding the ghost cells. e
Cystic area with several MCs located within the epithelial lining and
along the cystic wall fibrous. f A high number of MCs along the cystic
fibrous wall and close to bone sclerosis

Syndrome KOTs showed a higher mean of MCs when
compared with the other tumors of the sample. As shown in
Table 1, using a Mann—Whitney test, MC values presented
by syndrome KOTs were significantly greater than those of
the sporadic KOTs that were not associated with the
syndrome (p=0.03). However, when the intraparenchymal
and periparenchymal areas were compared to the two forms
of KOTs in a Mann—Whitney test, no significant difference
was found (Iintrapa.renchymalzo-6; P peripmenchyma1:0‘09: Mann
Whitney test). It is worth noting that cases of OMs and
AOT showed a lower number of MCs (Table 1).

In general, the presence of MCs in different types of
OTs was weakly associated with a significant inflam-
matory response as no case of inflammation was
detected in 24 (51%) of the 45 tumors. Further, of the
23 cases that showed some typical histological sign of
acute or chronic inflammation, 19 were considered to be
nonsignificant. Regarding all odontogenic tumors, sig-
nificant inflammation was only observed in two cases of
KOT cases (Fig. le).

Discussion

Tumor development represents dynamic processes, which
are regulated by molecular changes induced by tumor cells
themselves as well as by favorable microenvironmental
conditions that provide essential “tools” for survival and
cell multiplication including certain cytokines, growth
factors and cellular components such as MCs [14, 18].
Due to these functions, we believe that the MCs may also
play an important role in the growth and expansion of OTs.
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In addition, the presence of these cells in KOTs was
described in a previous report by our group [19].

In the present study, MCs were found in 96% of the OTs
analyzed. Depending upon their location and stage of
maturation, MCs express different quantities of surface
antigens that are involved in cell activation and recognition
[20]. Further, the secretion of endopeptidases by MCs
modulates inflammation, matrix destruction, tissue remod-
eling, and angiogenesis [10—12, 21].

We found that the MCs were most frequently located in
the periparenchymal region, whereas relatively fewer were
observed within the tumor parenchyma. According to
Maltby et al. [10], the location of MCs in periparenchymal
regions of tumors suggests that the recruitment of these
cells might occur due to their migration from healthy
surrounding tissues or from the migration of progenitors of
MCs via blood vessels close to the tumor. The extracellular
matrix might also influence this finding as MCs have a high
affinity for the adsorption to fibronectin induced by stem
cell factor (SFC) or from integrin receptors [22-24]. In
addition, several researchers have reported the presence of
fibronectin in the extracellular matrix of OTs [25-27].

Regarding cystic odontogenic neoplasms, we found a
greater concentration of MCs in the subepithelial region of
the cystic fibrous wall when compared with deeper or more
distant areas in relation to the cystic lining. These results
are in agreement with previous reports [28, 29]. These
findings might be due to the greater accumulation of
heparin in the extracellular matrix found in this region,
which could serve as a source of proangiogenic substances
through the secretion of vascular endothelial growth factor
(VEGF) and fibroblast growth factor-2 (FGF2) [20, 28]. In
addition, we also observed the presence of MCs within the
cystic lining. It is possible that the matrix proteins [28] and
fibrogenic cytokines [30, 31] secreted by cystic odonto-
genic epithelium have a chemotactic effect on mast cells
and facilitate their accumulation. Furthermore, degranulated
MCs surrounding ghost cells within the OCCT cystic lining
might indicate tumor rejection based on the enzyme content
present in MCs.

The presence of MCs close to blood vessels is a common
finding (14), and this was observed in this study. Despite
this finding, there appears to be intimate cellular commu-
nication between this cell population and the tumor
vascular system, creating a microenvironment that is
favorable to neoplasic development at the expense of
signaling molecules that govern the biology of MCs in
tumorigenesis. In addition, some authors have observed a
strong association between the presence of substances
largely secreted by angiogenic factors and development of
OTs [32, 33].

MCs are crucial in the process of remodeling the
extracellular matrix in neoplastic alterations as they produce

and release proteolytic enzymes favoring the migration of
both endothelial and tumoral cells as well as the release of
angiogenic factors stored in the within of stromal tissue. [6,
34-36]. Moreover, the MCs participate in the process of
bone remodeling of odontogenic lesions through the
degranulation of their enzyme content in the vicinity of
bone tissue present in these lesions, which contributes to
their growth and expansion [29]. Despite these roles, our
findings are consistent with the observations of Teronen et
al. [29] as we found a high number of degranulated MCs
close to areas of bone sclerosis and amidst bone trabeculae
in SA, KOT, OM, and CCOT. It is possible that the
upregulation of IL17 released by MCs that infiltrate the
tumor may also play a key role in remodeling the tumor
microenvironment [37] although other authors believe that
the MCs play no role in this process [38].

The MCs have been implicated in the formation of
fibrous tissue found in the capsule of the cystic lesions
because of their role in collagen synthesis from the
release of substances such as heparin, hyaluronic acid,
proteoglycans, proteolytic enzymes and fibroblast
growth factor [39—42]. In this study, we observed the
presence of MCs in the fibrous capsule of all cystic tumors
even though we did not find significant differences in the
density of MCs when the different types of tumors were
compared. However, we believe that this study provides
data to support the hypothesis that MCs influence the
growth and expansion of OTs through the synthesis of
collagen.

In this study, although we avoided areas of inflamma-
tion, we did not observe an association between the
quantity of MCs and the presence of a significant
inflammatory process. These results corroborate the find-
ings of Smith et al. [28] who also found no relationship
between the presence of these cells and inflammation
present in KOTs. Our results might also partially explain
those by Mitrou et al. [33] who did not observe a positive
correlation between the expression of VEGF, a potent
angiogenic mediator secreted largely by MCs, and inflam-
mation in lesions of KOTs.

We did not find a statistically significant difference
between all OTs and MCs. However, it is important to state
that there is a clear association between the accumulation of
MCs and the processes of tumor growth and progression,
which are usually associated with poor prognosis [10, 13,
14, 43-45]. This might explain the statistically significant
difference in total MC count between the two forms of
KOT, higher in the syndrome KOT. Syndrome KOT is
more commonly related to a higher degree of aggressive-
ness and bone destruction when compared with the
sporadic nonsyndromic type [46].

Solid ameloblastoma is considered to be more
aggressive than UA [47, 48]. However, the results of
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this study did not show a significant distinction for MCs,
considering the biological behavior of both lesions. We
did not observe significant differences in the density of
total MCs in both solid and UA even when the intra-
parenchymal and peritumoral areas were considered
separately.

OM is a benign and invasive neoplasia, with a high
potential for bone destruction and recurrence [1, 49]. In this
study, this tumor showed a smaller amount of MCs when
compared to the tumors with similar clinical behavior such
as ameloblastoma and KOT. Nevertheless, this difference
was only significant when compared with the KOT. This
corroborates the findings of Martinez-Mata et al. [50] who
also did not observe any high densities of these cells in
OM. According to these latter authors, the MCs are
associated with the remodeling of the extracellular matrix
and a higher degree of aggressiveness of OM. Although
other parameters should be studied to contribute to the data
about the biological behavior of OM, this study showed
that there was a significant difference in MC count between
UA and OM.

In this study, the AOT displayed a low number of MCs.
This is a noninvasive benign tumor that is less aggressive.
In addition, many authors consider it to be a hamartoma
[51-53]. In this regard, our results corroborate the findings
of Zaitoun and Triantfyllou [54] who also observed the
presence of low amounts of MCs in a hamartomatous lesion
of smooth muscle. Moreover, the absence of MCs in the
areas of bone sclerosis could explain the nonaggressive
behavior of this lesion as there would be an insufficient
amount of proteolytic enzymes capable of destroying the
extracellular matrix involved.

Despite the low number of CCOT cases, we also
observed a concentration of MCs in the epithelial layer,
especially surrounding ghost cells. Despite all cystic OTs in
which MCs were found within the cystic epithelial lining, it
is possible that there was a greater amount of antigen-
presenting molecules expressed by the MCs in the region
involved in cell activation and recognition [10]. Therefore,
considering the OTs as a group of lesions with heteroge-
neous morphology, one might think that the function of
MCs could vary with the type of tumor and its morpho-
logical characteristics.

In conclusion, mast cells are probably one of the major
components of the stromal scaffold in odontogenic tumors.
In addition, we found significant differences of mast cells
between syndrome nonsyndrome keratocystic odontogenic
tumors, although their distribution did not seem to have any
influence on the biologic behavior of benign odontogenic
tumors. Further studies should be carried out to try to
establish a correlation between this cell population and
other stromal components present in OTs, especially those
involving angiogenesis.
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