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Abstract

Head and neck squamous cell carcinoma (HNSCC) is one of the most frequent and aggressive neoplasms of this anatomical region. Many
studies evaluated the neoplastic cells, but few works focused on the tumor microenvironment. In the present study, we investigated the
distribution and mast cell density (MCD) in malignant and premalignant lesions of the oral cavity, tongue, pharynx, and larynx. There were
analyzed 52 specimens of HNSCC, and 15 biopsies taken from patients with dysplasia. Results were compared with those found in a control
group of 10 biopsies of oral mucosa from patients with inflammatory diseases. Slides stained with Hematoxylin–Eosin were used for the
histopathological diagnosis and grade, and mast cells (MCs) were identified by immunohistochemistry, using anti-MC tryptase. MCs were
counted using a method similar to that proposed for microvessel density. We found a significant increase in the number of MCs from the normal
oral mucosa until overt carcinoma. Unlike normal tissues, in HNSCC, many MCs were found between tumor cells. We found no relationship
between MCs and blood vessels in the tumor area. A significant statistical correlation was found between dysplastic and malignant tumors,
but not between tumors with a different grade. Also, it was not found relationship between MCD and the anatomical location of the tumor.
Based on these results, we believe that MCD evaluated by anti-MC tryptase is an independent factor of prognosis and reflects an unfavorable
outcome.
Keywords: mast cell, premalignant, squamous cell carcinoma, prognosis, head and neck.

 Introduction
Although head and neck squamous cell carcinoma
(HNSCC) is among the most frequent malignant tumors
of this anatomical region [1, 2]. HNSCCs are aggressive
tumors that give rise relatively soon to lymph nodes and
distant metastases. In the last decades, it was shown a
significant increase in the number of new cases, and equally
important, these tumors are characterized by aggressive
behavior and limited survival. Remarkably, most of these
tumors are squamous cell carcinomas (SCCs), and in many
cases, it is suspected infection with human papillomaviruses
[3, 4]. Such an infection of the head and neck tissues
induces major changes not only in epithelial cells but also
in the connective tissue compartment that is lamina propria
and it seems to be the origin of the tumor microenvironment.
There is relatively few and lacunar data on the natural
history of SCC. Precursor lesions are rarely diagnosed, and
just a few cases were included in a rigorous follow-up to
allow conclusions. Epithelial dysplasia, which ranges from
mild to severe, based on pure morphological criteria, seems
to be the true precursor of HNSCC [5]. Otherwise, there
is a lack of data on the evolution of dysplasia, like the

time necessary to give rise to a carcinoma or which are
cases with dysplasia that can give rise to a carcinoma. In
the current work, we showed that a cellular change of the
microenvironment occurs even in the stage of dysplasia,
and it is furthermore evident in overt carcinoma. The
succession from dysplasia to carcinoma has been
demonstrated in animal models, but there is a lack of data
concerning the human counterpart.
For more than a hundred years, research in cancer was
focused on malignant cell morphology and behavior. Less
attention was given to the tumor microenvironment, which
is a very complex structure and includes various cells, fibers,
and a particular ground substance. In the last years, much
data was accumulated, and support the crucial role of
the microenvironment in the evolution of tumor cells [6].
In experimental model and in vitro, it was shown that
different types of the microenvironment induce different
behavior of the tumor [7, 8]. The components of the tumor
microenvironment are extremely diverse. In vivo, between
tumor cells, there were identified fibroblasts, lymphocytes,
macrophages, mast cells (MCs), and many others, included
in a more or less dense fibrillar network. Although there are
a lot of data concerning the tumor-associated macrophages
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or lymphocytes, few and controversial data are known
about the MCs.
MCs are usually found in the connective tissue,
particularly around small blood vessels, and are characterized
by the presence of specific granules in the cytoplasm,
containing biologically active substances. For many years,
the MCs were in the shadow of basic sciences, as they are
identified only with some specific staining methods. Although
discovered more than a hundred years ago, it is not yet
very clear if MCs represent an individual cell or if many
subtypes are included in this group, based on some
common proprieties [9]. It is remarkable the high number
of different substances contained in the specific granules
and released after immunological stimulation, like heparin,
histamine, serotonin, chemotactic factors, derivates of the
arachidonic acid, and others. MCs express a high number
of immunoglobulin E (IgE) receptor on the membrane,
and maybe this is the reason why it was investigated more
like an immune cell and less like a component of the tumor
microenvironment. Some authors noticed a significant
accumulation of MCs in some human tumors, and their
reaction to skin carcinogenesis was demonstrated in an
experimental model. Besides conventional mediators found
in MC granules, MCs can secrete, in a given condition,
some specific substances, like vascular endothelial growth
factor (VEGF) [10, 11]. It was supposed that MCs transfer
VEGF to tumor cells or directly stimulate the formation
of new blood vessels by a process that is largely known
as tumor angiogenesis. This is the main reason why we
investigated the MC reaction in HNSCC because until now
there are many controversial results on the role of MCs in
this group of tumors.
Moreover, MCs contain two constitutional enzymes,
which are unique in the human body, namely MC tryptase
and MC chymase. They are similar but not identical to
pancreatic enzymes, and they are highly specific to detect
MCs [12]. MC tryptase is expressed as a basic marker
by all MCs, and MC chymase is expressed only by a
subclass of MCs [13]. This aspect confirms once again the
heterogeneity of this cell population, but it is the support
to identify them with a highly specific method [14].
The MCs have been identified in tumors of the oral
cavity and head and neck a long time ago. Results regarding
both their number of functional type content of specific
granules and mainly the clinical significance are still a
matter of debate and results are controversial. The increase
in the number of MCs in malignant tumors has been reported
by many authors [15]. Located close to the tumor or even
in the tumor area, usually, MCs do not show degranulation
and they are found in the proximity of tumor cells. These
aspects are not observed in non-malignant tissues, and
it is suspected that at least some of these cells change
dramatically their local function, depending on the
pathological conditions. However, the nature of the MCs’
response to tumor proliferation is virtually unknown.
Aim
In the current work, we have investigated the distribution
and incidence of MCs in HNSCC, premalignant lesions,
and normal oral mucosa. We found that the number of MCs
significantly increases from the normal mucosa to the
invasive HNSCC.

 Materials and Methods
There were investigated 52 cases of HNCSS and 15 cases
with premalignant conditions, namely epithelial dysplasia.
The age of patients ranged between 52 and 79 years, and
biopsies were taken from tumors of the oral mucosa,
including lesions of the tongue and lips (n=24), tongue
(n=9), pharynx (n=6), and larynx (n=13). Biopsies from
patients without tumors were taken from the gingiva (n=10)
from patients with periodontal disease to serve as external
control. Diagnostic biopsy was performed in all cases,
and specimens were processed according to the standard
histological technique. Briefly, after fixation in 10% neutral
buffered formalin (pH 7.2), specimens were dehydrated in
alcohols, clarified on xylene, and then included in paraffin.
Three μm thick sections were performed from each paraffin
block. To establish the histopathological (HP) diagnosis
and the degree of differentiation, slides were stained with
the conventional Hematoxylin–Eosin (HE) staining method.
Additional sections were immunostained for anti-MC
tryptase antibody, using the fully automated procedure.
Briefly, slides were dewaxed and hydrated, and then
submitted to antigen retrieval. All steps of the immunohistochemical (IHC) technique were performed using Leica
Bond-Max (Leica Microsystems GmbH, Wetzlar, Germany).
Antigen retrieval was performed in buffer citrate solution
pH 7.2 for 5 minutes. Endogenous peroxidase was blocked
with Dako REAL™ Peroxidase-Blocking Solution for
five minutes. Incubation with the primary antibody, antiMC tryptase (clone AA1), last for 30 minutes. The working
system was labeled Streptavidin–Biotin 2 (LSAB2), and
visualization was performed with 3,3’-Diaminobenzidine
(DAB) dihydrochloride. The final product of the reaction
was stained in brown. Nuclei were stained with modified
Mayer’s Hematoxylin (HMM500, ScyTek Laboratories, Inc.,
Logan, Utah, USA). Slides were then dehydrated, clarified,
and mounted with Leica CV Mount (Leica Biosystems).
Mast cell density (MCD) was evaluated using a system
similar to the method proposed by Weidner to count blood
vessels. At the low power examination, we have chosen
three fields with the maximum MCD. After that we counted
MCs at ×400 magnification, the arithmetical mean was
the final result for each case. Results were evaluated in
accord with the HP form and grade, applying Student’s
t-test, where p<0.05 was considered to be statistically
significant.
 Results
The microscopic examination of HE-stained slides
showed non-tumoral gingiva in 10 cases, used as external
control. In these cases, we found mild and focal inflammatory
infiltrate with low cell density. We noticed in these cases
many small blood vessels that form a plexus close to
the junction with the epithelium. Dysplastic lesions were
diagnosed in 15 cases (nine with moderate, and six with
severe dysplasia). The diagnostic criteria for dysplasia
followed the recommendation of the World Health
Organization (WHO), based on changes in the architecture
and location of atypical cells. Main atypical aspects found
in the current study were nuclear changes, like enlarged
nuclei, multiple nucleoli, the irregular contour of the nucleus,
and changes in the nuclear/cytoplasmic ratio.
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We evaluated 52 consecutive HNSCCs, which were
characterized by the proliferation of tumor cells as cords and
diffuse and compact areas. Keratin pearls were found only
in well and moderately differentiated carcinoma. Malignant
cells showed a heterogeneous aspect, with atypical features
significantly different from one case to another and even
in the same case. Necrosis was found particularly in less
differentiated carcinoma, usually accompanied by a moderate
inflammatory infiltrate, primarily composed of lymphocytes
and macrophages. Based on the aspect of malignant cells,
including atypical mitoses, the architecture of the tumor,
necrosis, and the presence/absence of keratin pearls, we found
18 cases with G1, 23 cases with G2, and 11 cases with G3.
MCs were identified in deep brown in all the cases
included in the present study. In the control cases, the
oral mucosa showed numerous MCs stained in brown,
preferentially located in the perivascular space (Figure 1A).
No significant accumulation of MCs was found close to
the covering epithelium.
The HP examination revealed the existence of six
moderate and nine severe dysplasia of the oral mucosa.
Dysplastic lesions were characterized by a significant change
in the architecture of the covering epithelium, associated
with asynchronous maturation. Enlarged, intensely stained
and irregular nuclei with prominent nucleoli were the main
criteria for the diagnosis of dysplasia. Atypical aspects were
more evident in severe dysplasia, which was associated with
a significant increase in the number of MCs in comparison
with the normal oral mucosa. In cases with dysplasia, MCs
were significantly concentrated at the border between the
epithelium and microenvironment (Figure 1B). We found
no significant differences in the number of MCs between
control cases and cases with dysplasia. On the other hand,
their distribution was significantly different, in dysplastic
lesions, MCs were concentrated at the border between
epithelium and lamina propria. MCD was not significantly
higher than in control cases, but their distribution and
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concentration close to the basement membrane was different
(Table 1). One particular aspect found in cases with dysplasia
was the presence of MC tryptase-positive cells within the
covering epithelium (Figure 1C). We did not observe similar
aspects in the control cases.
HNSCCs were stratified based on the differentiation
grade, according to the requirements of the WHO, as we
previously mentioned. Opposite to the control cases and
premalignant conditions, in HNSCC, many MCs were located
in the tumor area, usually in small groups of individual cells,
close to the tumor cell. In many cases, MCs were not located
close to or around blood vessels, like they are in the control.
The value for MCD was significantly higher in carcinoma
in comparison to dysplastic lesions and control cases. We
found lower values in G1 cases in comparison with G2 and
G3, but we found no statistical correlation between these
two groups (Figure 1, D–F). Looking for the anatomical
location of the tumor, there were not found significant
differences between tumors of the tongue, pharynx, and
larynx, and higher for the cases with carcinoma of the lips.
Notably, for all cancer locations, the values for MCD were
higher in carcinoma than in dysplasia and control cases.
The values of MCD in each anatomical location of the
tumor are given in Table 1.
Table 1 – MCD (×400) in tumors of the head and neck
Anatomical
Minimum Maximum Average
p
location
Tongue (n=9)
18
35
29.4
<0.027
Lips (n=24)
23
47
38.5
<0.0001
Pharynx (n=6)
15
36
28.1
<0.011
Larynx (n=13)
12
29
25.7
<0.023
Dysplastic lesions
12
18
16.4
NS
(n=15)
Control cases
10
19
16.8
–
(n=10)
MCD: Mast cell density; n: No. of cases; NS: Not significant. Note:
p was rated to the control cases.

Figure 1 – Human gingiva: (A) External control with MCs located in the perivascular space without significant
accumulation close to the epithelium – the endothelium of blood vessels was stained with Methyl Green; (B) Moderate
dysplasia with accumulation of MCs under the basement membrane; (C) Moderate dysplasia with intraepithelial MCs;
(D) Well-differentiated SCC with a relatively low number of MCs; (E) Moderate and less differentiated (F) SCC with a
high number of MCs in the tumor area. Anti-MC tryptase antibody immunomarking: (A–F) ×400. MC: Mast cell; SCC:
Squamous cell carcinoma.
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 Discussions
As we mentioned in the introduction, the number of
new cases with HNSCC continues to increase, and tumors
seem to be more aggressive than half a century ago. In a
recent publication, it was shown that the incidence of
SCC increased in almost all anatomical locations of the
head and neck [16]. Moreover, it was noticed that the
incidence of HNCSS significantly and dramatically increased
in some countries in Central and Eastern Europe. Until
now, there are no convincing arguments to explain this
increase.
The increase in the number of MCs in both normal and
pathological conditions is still a matter of debate. Many
authors suggest that high MCD is the result of an active
process of precursor formation in the bone marrow. The
precursors migrate to the target, which in this case is the
tumor [17–19]. Unfortunately, this hypothesis was not yet
demonstrated step-by-step, but for sure, as we showed,
the MCD values increase from the normal tissue to the
carcinoma. We noticed the accumulation of MCs at the
border between epithelium and lamina propria in cases
with dysplasia. It is not known nowadays is this layer
of MCs forms a barrier against tumor cells or furnishes
growth factors to tumor cells.
A MC layer between epithelium and lamina propria has
been reported many years ago [20, 21]. At that time, it was
believed that MCs form layers of glycosaminoglycans and
form a barrier that limits the invasion of malignant cells.
Although the involvement of MCs has been demonstrated
in an experimental model in mice more than 50 years ago
[22], their role in human carcinogenesis is still unclear.
MCs were reported in a large variety of human malignant
tumors, like gastric cancer, urothelial carcinoma, and many
others [23]. All authors are in accord that in many tumors
may be found a high number of MCs, but their real
significance remains obscure.
The method of staining we used in the current work
is highly specific and sensitive. On the other hand, this
method reflects the presence of only MC tryptase and
does not inform about other biological mediators usually
released by MCs. The problem of the MC system which
may include many functional subtypes is still largely
unknown. Further studies are necessary to characterize
biochemical differences between MCs associated or not
to the tumor microenvironment.
MCs are tissue-resident immune cells that are usually
activated on a large variety of pathological conditions, such
as inflammation and cancer. A lot of authors observed
tumor infiltration with MCs [24], as we did in HNSCC.
We reported many MCs in the tumor area but if they
promote or inhibit tumor growth, this is vet difficult and
almost impossible to say based on a morphological study.
Therefore, if MCs are pro- or anti-tumoral, this is a not
yet solved problem, but for sure it has a multifaceted role
[25, 26]. It is not clear if there are some tumor-derived
chemotactic factors to attract MCs within the tumor and
after that, they induce new blood vessels formation.
Complex therapy of HNSCC should include not only
agents against malignant cells but also against the tumor
microenvironment [27]. Maybe the best example is
represented by the anti-angiogenic and anti-vascular therapy,

which if efficient, consistently reduces the dimensions of
the tumor. Changes induced by MC degranulation versus
inhibitor drugs of degranulation in both experimental models
and medical practice are largely unexplored [28].
Numerous plant extracts, such as the total leaf extract
of Melissa officinalis, have multiple benefits (antioxidant,
antimicrobial, antiangiogenic and cytotoxic effects) as a
potentiating agent in chemoprevention in oral cancers [29].
It is very difficult to say at this moment that tumorassociated MCs could be a target for therapy, based on
the model of MC activation syndrome [30]. On one hand,
we still do not know if there are significant differences in
comparison with so-called normal MCs. On the other hand,
inhibition of MCs would restrict angiogenesis in the tumor
area, but such a therapeutic approach was not yet introduced
in clinical oncology. In the near future is expected for a
better characterization of tumor-associated MCs, and a
therapeutical strategy should exploit these differences.
 Conclusions
We have investigated the location and number of MCs
using the IHC method for MC tryptase. We found that
MCD was significantly higher in HNSCC than in control
and dysplastic tissues. The value of MC increases with grade
and therefore we consider a higher MCD as an unfavorable
element of prognosis in the HNSCC.
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