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Quantification of mast cells in different stages of periodontal disease
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Abstract

Background/Aim. Mast cells are mononuclear cells originating
from bone marrow. They produce various biologically active sub-
stances, which allow them to actively participate in immune and in-
flammatory processes associated with periodontal disease. The
study focused on distribution and density of mast cells in healthy
gingiva as well as in different stages of periodontal disease. Meth-
ods. The material used for this purpose was gingival biopsies taken
from 96 patients classified into 4 groups: healthy gingiva, gingivitis,
initial and severe petriodontal disease. Toluidine blue staining ac-
cording to Spicer was utilized for identifying mast cells. Results.
Basing on our study, the density of mast cells in the gingival tissue
increases with the progression of the infection, which means they
are more numerous in gingivitis compared to healthy gingiva, as
well as in periodontal disease compared to gingivitis. Conclusion.
Increase in the number of mast cells in the infected gingiva can be
correlated with an increased influx of inflimmatory cells from
blood circulation into the gingival stroma, as well as with the colla-
gen lysis, since these cells produce substances with collagenolytic
potential. Based on the distribution of mast cells, it could be con-
cluded that in the evolution of periodontal disease there are signifi-
cant dynamic alterations in migration and localization of these cells.
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Apstrakt

Uvod/Cilj. Mastociti su mononukleusne Celije poreklom iz
kostane srzi. Oni proizvode brojne bioloski aktivne supstan-
ce, usled cega aktivno ucestvuju u imunim i inflamatornim
procesima kod parodontalne bolesti. U istrazivanju je pracena
distribucija i gustina mastocita u zdravoj gingivi i u razlic¢itim
fazama parodontalne bolesti. Metode. Materijal je dobijen
gingivalnom biopsijom kod 96 bolesnika razvrstanih u 4 gru-
pe: zdrava gingiva, gingivitis, po¢etna parodontopatija i uzna-
predovala parodontopatija. Za identifikaciju mastocita ko-
ris¢eno je toluidin plavo bojenje po Spiceru. Rezultati. Pre-
ma naem istrazivanju gustina mastocita u gingivalnom vezivu
raste sa progresijom infekcije, sto znaci da su mastociti u gin-
givitisu brojniji u odnosu na zdravu gingivu, a u parodontopa-
tiji brojniji u poredenju sa gingivitisom. Zaklju¢ak. Poveca-
nje broja mastocita u inficiranoj gingivi moze se dovesti u ve-
zu sa pojacanim influksom inflamatornih elija iz cirkulacije u
stromu gingive, ali 1 sa lizom kolagena bududi da ove (elije
proizvode supstance sa kolagenolitickim potencijalom. Na
osnovu distribucije mastocita moze se zakljuciti da u evoluciji
parodontalne bolesti postoje znacajne dinamicke alteracije u
migraciji i lokalizaciji ovih Celija.

Kljuéne reci:
periodontalne bolesti; bolest, progresija; mast Celije.

Introduction

Periodontitis or periodontal disease is a chronic
inflammatory disease associated with bacterial infection '.
The disease is characterized by destruction of the periodontal
ligament and gingiva and by alveolar bone loss *. Periodontal
disease goes through various stages — gingivitis, initial and
severe periodontal disease *. Periodontal disease is one of the

most common diseases nowadays, and at the same time it is a
risk factor for various systemic diseases such as diabetes,
cardiovascular, renal or pulmonary disease*. Periodontal
pathogens and their products cause pathological changes, but
cannot contribute to the comprehensive development of peri-
> It has been suggested that the reaction of
the patient's immune system has a key role in the destruction

of periodontal tissues . Numerous types of cells, including

odontal disease
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mast cells with their important role are involved in the pat-
hogenesis of periodontal disease.

Mast cells (MCs) are mononuclear cells originating
from CD34+ precursors from bone marrow °. They differen-
tiate and mature in peripheral tissues '. MCs are normal resi-
dents of the lamina propria of human oral mucosa and gin-
giva ®. They produce various biologically active substances,
which allow them to actively participate in immune and
inflammatory processes associated with periodontal disea-
se ’. In their cytoplasm, they contain about 80 to 300 granu-
les which exhibit metachromasy and toluidine blue stai-
ning ' Various enzymes and mediators, such as the serine
proteases, tryptases, chymases, cathepsin G, acid hydrolases,
matrix metalloproteinase, histamine, heparin and serotonin
are stored in granules ''. Based on the content of neutral se-
rine proteases human MCs can be divided into mast cell
tryptases (MCT) and mast cell tryptase and chymotryptic
proteinase (MCTC). MCTC in their granules contain
tryptases, chymases, carboxypeptidases and cathepsin G-like
proteases, and mainly can be found in the dermis and intesti-
nal submucosa '>. Of neutral proteases, MCT contain only
tryptases and primarily can be found in red mucous membra-
ne and in alveolar walls °. MCs release proinflammatory
mediators, promote inflammation and angiogenesis, degene-
ration of the extracellular matrix and tissue remodeling '°.
These cells are noted in different parts of gingiva, and infor-
mation on their density in healthy and inflamed tissues is
contradictory. The aim of the study was to examine the dis-
tribution and density of various stages of periodontal disease
in order to assess the importance of this cell population in a
specific immune response and related tissue destruction.

Methods

The research was undertaken at the Dental Clinic and
Institute of Histology of Faculty of Medicine in Kosovska
Mitrovica. This research has been conducted following the
principles of the Declaration of Helsinki (retrieved from
http://www.wma.net/en/ 30publications/10policies/b3/. Last
accessed: 20-12-2014) and approved by the Institutional
Review Board of the Faculty of Medicine in Kosovska Mit-
rovica. Informed consent was issued by all patients after a
careful explanation of the aims of the study.

The material consisted of gingival biopsies taken from
96 patients aged 13—68 years. Biopsies were made during
extractions of teeth for orthodontic reasons or periodontal di-
sease. Patients included in this study did not suffer from
systemic diseases. The following indices: Community Perio-
dontal Index of Treatment Needs (CPITN), Loe-Silness gin-
gival index, Miihlemenn-Sulcus bleeding index, Silness-Loe
plaque index were used to assess the clinical stage of the di-
sease. Periodontal pocket depth was measured with a ball tip
probe. In accordance with the classification system for peri-
odontal diseases and conditions of the American Academy of
Periodontology '*, gingival samples were classified into four
main groups: healthy gingiva (11 samples taken from people
whose gingiva showed no signs of bleeding, swelling or in-
flammation, and where gingival groove depth was usual);

gingivitis (18 tissue samples taken from patients reported
with redness, swelling and bleeding gums, and Loe-Silness
gingival index was 2 or 3); moderate periodontitis (36 sam-
ples taken from patients with periodontal pocket depth below
6 mm); severe or advanced periodontitis (31 samples taken
from patients with periodontal pocket depth over 6 mm).
Tissue samples were fixed in 10% formalin, dehydrated
in increasing concentrations of alcohol, lightened in xylene
and embedded in paraffin. Serial sections of 5 mm thicknes-
ses were made from the paraffin blocks using Reichert sli-
ding microtome. Spicer’s staining technique was used for
identification of mast cells °. Morphometric analysis was
done using previously calibrated mesh whose surface was
0.0145 mm’ at 400x microscope magnification. For each
measurement, the mash was put over the entire tissue sam-
ple, whose surface required a certain number of measure-
ments per sample. The average number of cells per mesh
surface was determined for each sample and the number of
cells per mm” of gingival tissue is obtained with its dividing
by 0.0145. Statistical analysis was done using MS Office
Excel program. The density of MCs per unit area (mm”) was
expressed in mean value + standard deviation. Testing the
statistical significance of differences in the mean values of
the number of MCs per mm” of gingival tissue between the
experimental groups was done using Student’s t -test.

Results

A moderate number of round, oval or spindle-shaped
MCs can be seen in preparations of healthy gingiva (Figure
1). They can be found as single cells, rarely in smaller gro-
ups. MCs were more numerous in the reticular than in
papillary layer of gingiva, and most of them were on the bor-
der between the two layers and along blood vessels. MCs
cannot be found in gingival epithelium. In gingivitis, it is re-
ported that there is an increased number of MCs in reticular
gingival layer with the tendency to clustering around arterial
and venous blood vessels, around inflammatory infiltrates
and within them, whereas they are very rare and usually ob-
long-shaped between densely organized collagen bundles
(Figure 2).

Fig. 1 — Mast cells (black arrows) in healthy gingiva
were most numerous on the border between the reticu-
lar and papillary layer (Alcian blue, 200 x).
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No significant differences were found in the density and
distribution of MCs between moderate and advanced perio-
dontitis, but compared to healthy gingiva and gingivitis, a
noticeable increase in their number was reported in both gro-
ups. In periodontal disease, MCs were plentiful in collagen
bundles and inflammatory foci (Figure 3), but it is evident
that most of them were around inflammatory infiltrates and
blood vessels (Figure 4). It was notable that MCs within in-
filtrates were round-shaped and to some extent degranulated,
whereas MCs along collagen bundles were by the rule ob-
long-shaped. In periodontal disease, mast cell density was
increased in papillae and usually at their base, rarely at the
top. MCs in the basal and spinous layers of the oral gingival
epithelium were observed in two samples with initial perio-
dontal disease and in three samples with advanced periodon-
tal disease (Figure 5).

Fig. 2 — In gingivitis, mast cells (arrows) were densest in
the reticular layer, much rarer in the papillary layer of
gingiva and not found in the epithelium (Alcian blue, 100 x).

»
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blood vessel in advanced periodontal disease
(Alcian blue, 400 x).

By doing stereological study and statistical analysis it
was found that the binder in normal gingiva contained an
average of 59.43 £ 19.85 mast cells/mm’, in gingivitis 96.83
+ 25.72 cells/mm2, in initial periodontal disease 136.42 +
28.52 cells/mm’, in advanced periodontal disease 128.43 +

42.89 cells/mm”. The average number of MCs in the group
with initial periodontal disease was statistically significantly
higher than in healthy gingiva (p < 0.001) and gingivitis (p <
0.05). Both gingivitis group (p < 0.05) and advanced perio-
dontal disease group (p < 0.01) had a higher density of MCs
compared to healthy gingiva. The difference in the average
number of MCs was not statistically significant between the
initial and advanced periodontal disease.

Discussion

MCs secrete primary and secondary inflammatory me-
diators and have an important role in inflammatory reacti-
ons "’. In our study, detection of MCs was performed using
Alcian blue polyvalent basic dye according to Spicer's met-
hod. The results suggest that MCs are dispersed throughout

Fig.3—-In peridontalisease mast cells were

particularly numerous on the border of inflammatory
foci with collagen bundles (arrows) (Alcian blue, 200 x).

Fig. 5 — In some sample of periodontitis mast cells
(arrows) were found in the gingival epithelium
(Alcian blue, 200 x).

the binder of healthy gingiva, mostly as single cells, someti-
mes in smaller groups. Naesse et al. ' studied the number of
MCs in three randomly selected gingival zones (the zone be-
neath marginal epithelium, the central zone and the zone be-
neath oral epithelium) and found no differences in the
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density of MCs. The same authors recorded a number of
MCs in the gingival epithelium as well. In our material, MCs
were found neither in epithelium of healthy gingiva, nor in
gingivitis, but in some samples of moderate to advanced pe-
riodontal disease they were found in oral epithelium. Similar
results were recently published by Popovici et al. '®. These
authors found that the number of intraepithelial MCs increa-
ses with the severity of inflammation and intraepithelial MCs
could be important in the evaluation of the severity of perio-
dontal disease.

Some authors have recorded a connection between MCs
and peripheral nerves which secrete neuropeptides (substan-
ce P, vasoactive intestinal peptide). It is well-known that ne-
uropeptides can induce degranulation of MCs ', and thus af-
fect the course and severity of inflammatory reactions. Hu-
ang et al. '® pointed to the correlation between MCs degranu-
lation and the severity of periodontal disease. In our study, it
has been recorded that MCs can often be found on the border
of inflammatory infiltrates. Previously, Mekori and Metcal-
fe ' recorded similar findings in their studies. They noticed
MCs surrounding T-lymphocytes and concluded that it is
possible that these cells phagocytize, process and present an-
tigens to T-lymphocytes thus initiating adaptive immune res-
ponse *°. In addition, there is proof that MCs secrete both
Thl-type and Th2-type cytokines, suggesting that these cells
may send an immune response to an inflammatory or anti-
inflammatory reaction. It is known that MCs secrete a signi-
ficant amount of IL-4. Thus favoring the Th2 immune res-
ponse followed by activation of B-lymphocytes and produc-
tion of antibodies. Previous observations confirm the
existence of functional relations between MCs and immuno-
competent cells. Batista et al. > observed that MCs are con-
centrated in a large number not only in the inflammatory fo-
cus, but also around it. They recorded that in localized chro-
nic periodontitis the number of MCs was increased by 3%
around the inflammatory focus and by about 28% in the fo-
cus itself. Quantification of MCs within and around the
inflammatory focus was not done in our study, but in many
samples of periodontal disease a larger number of these cells
were found around the focus than within it. These results
suggest that there are significant dynamic alterations in mi-
gration and localization of MCs in the evolution of periodon-
tal disease.

It is known that MCs start to develop in bone marrow,
then enter the peripheral circulation and mature in tissues.
MCs of connective tissue have a long lifetime and require
stem factors for their development and survival 2. Mucosal
MCs mature in mucosa of various organs after exposure to
Th2-type anti-inflammatory cytokines and their number inc-
reases in the case of parasitic infection or allergy . Since
MCs do not proliferate locally, their precursors come into
gingiva from bone marrow, and thus it can be possible to
conclude that there are certain processes that direct MCs pre-
cursors to the inflammatory focus .

In the literature, there is a strong disagreement about
the number of MCs in healthy and unhealthy gingiva.
While some authors have recorded an increase in the num-
ber of MCs in periodontal disease **, others have recorded a

25,26 o g 27
7%, Cindri¢ et al. °* have recor-

decrease in their number
ded an increase in the number of MCs in inflamed gingiva
in patients with gingival index 1-2 and a decrease in their
number in patients with gingival index 3. According to our
research, the binder in normal gingiva contains an average
of 59.43 + 19.85 mast cells/mm’ of binder, in gingivitis
96.83 + 25.72 cells/mm’, in initial periodontal disease
136.42 + 28.52 cells/mm’ and in advanced periodontal di-
sease 128.43 + 42.89 cells/mm’ of binder. The average
number of MCs in healthy gingiva was significantly lower
compared to the other tested groups, and in gingivitis was
significantly lower than in both forms of periodontal disea-
se. On the other hand, no significant difference was noted
in the average number of MCs between initial and advan-
ced periodontal disease. In 1950, Wislocki and Sognnaes **
reported that the number of MCs per mm” of healthy gingi-
val tissue ranged from 30 to 60 cells, which is equivalent to
our findings, while by doing quantitative analysis, Dum-
mett et al.  concluded that the number of MCs in gingiva
ranged from 0.47 to 146 cells per mm”. Batista et al. ' also
performed quantification of MCs in various stages of peri-
odontal disease on preparations stained with toluidine blue.
According to their findings, healthy gingival tissue contai-
ned an average of 35.73 + 37.77 mast cells/mm’, in gingivi-
tis that number increased to 44.54 + 30.31 cells/mm’
whereas in the localized chronic periodontitis their density
was the highest (71.38 + 59.15 cells/mm®). In comparison
with our results, it is evident that there is a lower cell
density (which can be attributed to different staining
techniques), but the trend of increasing cell density is con-
sistent to disease progression.

The increase in the number of MCs in acute and chronic
inflammation of gingiva explains the role of these cells in the
pathogenesis of the disease. There are results that confirm
the correlation between the density of MCs in tissues and
hyperemia, as well as the connection between increased vas-
cular permeability and degranulation of MCs accompanied
with histamine release *. Since MCs serve as a major source
of histamine in tissues *', the increase in their number can be
related to an increased influx of leukocytes into the
inflammatory focus.

The results by Naesse et al. ' showed that of all cells of
gingival infiltration, MCs express matrix metalloproteinase
(MMPs) most prominently. They concluded that the concen-
tration of MCs that express MMPs increases in periodontal
disease. Since these enzymes are responsible for the destruc-
tion of collagen, it is possible to make conclusions about the
participation of MCs in both defense mechanisms and des-
tructive processes during chronic inflammation of periodon-
tal tissues. The destructive effect may be of IL-4 originating
from MCs, which directs the immune response towards the
production of antibodies, which happens in exacerbations.
Further, tryptases also have collagenolytic potential and may
contribute to the tissue destruction in periodontal disease °.
The byproducts of MCs could be correlated with bone resor-
ption since the deficit of MCs is associated with lower levels
of bone remodeling, and excess of MCs could lead to accele-
ration of bone turnover **.
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Conclusion

According to our study, the density of mast cells in the
gingival binder increases with the infection progression, so
these cells are more numerous in periodontal disease as
compared to gingivitis and healthy gingiva, and in gingivitis
they are more numerous than in healthy gingiva.

No differences in the density of mast cells were found
between initial and advanced periodontal disease. The incre-

ase in the number of mast cells in the infected gingiva may
be the consequence of the need for increased migration of
inflammatory cells from blood circulation into gingival
stroma, but it can be correlated with collagen lysis since the-
se cells produce matrix metalloproteinase and tryptases. By
inspecting the distribution of mast cells, it can be possible to
conclude that there are significant dynamic alterations in mi-
gration and localization of these cells in the evolution of pe-
riodontal disease.
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