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Summary

Mast cells (MCs) can influence the maturation of collagen fibers. This study evaluated the relationship between the
distribution and degranulation of MCs and collagen maturation in human gingival tissue in chronic periodontitis. A total
of 16 specimens of patients clinically diagnosed as periodontitis and 18 controls clinically diagnosed as healthy or gingivitis
were included. Immunohistochemistry and Picrosirius staining were performed to identify MCs and assess collagen fibers,
respectively. Chi-square, t test, and Pearson’s correlation test (p<0.05) were used. In control specimens, there was a
positive association between MCs in the connective tissue and the presence of immature collagen (p=0.001); in periodontitis
samples, this association was not confirmed (p=>0.12). There was no significant relationship between periodontal diagnosis
and collagen maturation or MC degranulation (p>0.35). MC density was significantly higher (p=0.04) in periodontitis tissue
(339.01 £ 188.94 MCs/mm?) than in control tissue (211.14 £ 131.13 MCs/mm?) in the area of connective tissue containing
inflammatory infiltrate. There was a correlation between the number of MCs and probing depth (r = 0.34, p=0.04). MCs
are involved in the pathogenesis of periodontal diseases and might be associated with collagen maturation in periodontal

tissue during the early stages of periodontal disease pathogenesis. (] Histochem Cytochem 66:467—475, 2018)
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Introduction

Periodontitis is a chronic inflammatory disease that is
initiated by an inflammatory response to dental plaque
bacteria. Disease progression is due to a combination
of factors, including host inflammatory response to
periodontopathic bacteria, which leads to the destruc-
tion of periodontal tissues.! Significant changes occur
in specific cell populations, including fibroblasts and
mast cells, during the pathogenesis of periodontitis.2
Mast cells (MCs) have been determined to be cru-
cial effectors in chronic inflammatory diseases such as
rheumatoid arthritis,3 atherosclerosis,4 and periodonti-
tis.5 In periodontal tissues, they are present within the
gingival epithelium and connective tissue,6 and are
important initiators and effectors of innate immunity.
MCs are activated during the innate immune response
to pathogens, and can secrete products, including

tryptase, chymase, cathepsin G,7 histamine, heparin,
serotonin,® acid hydrolases,® metalloproteinases,0-12
tumor necrosis factor-o,13 and other interleukins.14
Furthermore, these cells have a role in the cellular
immune response, facilitating the development, ampli-
fying the magnitude, or regulating the kinetics of adap-
tive immune responses.15 Furthermore, MCs are able
to capture, process, and present antigens.5

MCs are found in both healthy and diseased gingi-
val tissues, and their density in periodontal diseases
is a topic of much speculation. Some studies have
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reported that in inflamed and healing gingival tissues,
the number of MCs is elevated,'6-19 whereas other
studies have reported decreased numbers.20-22

The activation of MCs is a feature of chronic inflam-
mation, and this can lead to tissue fibrosis as a result
of increased collagen synthesis by fibroblasts.23
However, MCs can also stimulate fibroblasts to secrete
collagenases, suggesting that these cells might modu-
late the function of connective tissue cells24 and influ-
ence the maturation and degradation of collagen fibers
in periodontal tissue. Interactions between MCs and
collagen degradation is crucial for the development of
several conditions such as keloid formation, chronic
graft versus host disease, and wound repair,2526 and
may also be important in the periodontal diseases.
However, their interaction in the periodontal tissues is
unknown. We hypothesized that there is an associa-
tion between MCs and collagen maturation during
chronic periodontitis. Therefore, the present study was
designed to investigate the relationship between the
distribution and degranulation of MCs and collagen
maturation in periodontal tissues and during chronic
periodontitis.

Materials and Methods

This study was approved by the Ethics Committee of
Research (06-306). A written explanation of the study
purpose was provided, and signed consent, according
to the Helsinki Declaration, was obtained from each
participant.

The individuals included in the present study were
males and females, 18 to 62 years of age, with no his-
tory of systemic disease; subjects did not use antibiot-
ics or anti-inflammatory medications 6 months before
this study and were not smokers or former smokers. A
total of 34 gingival tissue specimens were obtained
from 16 subjects with chronic periodontitis and 18 indi-
viduals demonstrating periodontal health (n=8) or gin-
givitis (n=10) (control group).

All permanent, fully erupted teeth were examined.
Probing depth (PD) and distance between the cement-
enamel junction and the free gingival margin (CEJ-GM)
were measured at six sites per tooth (mesiobuccal,
midbuccal, distobuccal, distolingual, midlingual, and
mesiolingual). Measurements were made in millime-
ters and were rounded to the nearest whole number.
Clinical attachment level (CAL) was calculated as the
sum of PD and CEJ-GM measurements. The diagno-
sis and classification of periodontal diseases was per-
formed for each patient.2 In the biopsy site, chronic
periodontitis was defined as the loss of clinical attach-
ment (level >4 mm), which was associated with

bleeding upon probing.28 Sites that did not show any of
the above symptoms in individuals with periodontal
health or gingivitis were included in the control group.
One single trained periodontist performed periodontal
examinations, using a manual periodontal probe (PCP-
UNC 15; Hu-Friedy, Chicago, IL) and biopsies.

Histological Staining and Grading

Immunohistochemistry was performed on paraffin sec-
tions (3-pm thick). The tissue sections were routinely
deparaffinized and rehydrated. Endogenous peroxi-
dase activity was blocked using hydrogen peroxide. A
polyclonal anti-tryptase antibody (Clone AA1; Dako
Corporation, Carpinteria, CA; dilution 1:50) was used
with the EnVision System (Dako). The sections were
incubated with MC tryptase (Dako), at a dilution of
1:50 for 12 hr at room temperature. The immunohisto-
chemical reactions were developed with diaminoben-
zidine (Dako) as the chromogenic peroxidase
substrate, and the slides were counterstained with
Harris's hematoxylin. The positive control was a squa-
mous cell carcinoma sample.

MCs were counted manually by two previously
trained examiners, using one entire tissue section
from each sample. The oral epithelium (OE), junc-
tional epithelium (JE), and connective tissue (CT)
containing inflammatory cell infiltrates (CTI), and sites
adjacent to inflammatory cell infiltrates (CTWI) were
evaluated separately. The images were digitized by a
camera (Zeiss; Germany, 2008) and the correspond-
ing OE, JE, and CT areas were measured using
Image J software (Image J 1.48; National Institutes of
Health, Bethesda, MD). Subsequently, the density of
MCs was calculated by determining the number of
MCs per unit area (cell number/mmz2). For degranula-
tion evaluating, any cluster of MC granules with a
dark-brown appearance that was clearly distinct from
the adjacent cell membrane was considered degranu-
lated.’® The degranulated MCs were semiquantita-
tively categorized as >50% or <50% degranulated for
each specimen.

To assess collagen maturation, 5-um thick sections
were stained with Picrosirius. The sections were clas-
sified according to the following scores: >50%, regular
mature collagen fibers (intense red color and thick
fibers), or >50%, immature fibers (light red color, fine
fibers, and interleaved). Red color in normal oral
mucosa was used as control.

All sections were analyzed by light microscopy
(Axio Lab; Zeiss, Germany, 2008) at a 400x magnifi-
cation at the Laboratory of Surgical Pathology of the
School of Dentistry, Federal University of Bahia.
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Statistical Analysis

The mean MC density in OE, JE, and CT were com-
pared between periodontitis and control specimens by
performing a Student’s t-test. A Mann—Whitney test
was performed when homogeneity of variances was
not detected.

A chi-square test was used to analyze the relation-
ship between MC degranulation and collagen matura-
tion, as well as the relationship between periodontal
status and MC degranulation, and between periodon-
tal status and collagen maturation.

A Pearson’s correlation was used to analyze the
relationship between MC density and periodontal clini-
cal parameters (PD, gingival recession [GR], and CAL).

Data analysis was performed using a statistical soft-
ware program (SPSS version 13.0; SPSS Inc., Chicago,
IL), and the significance level was set to p<0.05.

Results

MC density was significantly higher in periodontitis tis-
sue (mean + SD: 339.01 + 188.94) than in controls
(mean = SD: 211.14 + 131.13) in CTI (p=0.04). There
were no differences between periodontitis and control
specimens in terms of MC density in OE, JE, and
CTWI (p>0.19). See Table 1 and Fig. 1.

Only in the control group, there was a statistically
significant association between an enhancement of
immature collagen and increased MC density in the
CTWI (p=0.001; Table 2). No statistically significant
association between collagen maturation and MC
degranulation was found (p>0.30; Table 3). There was
no significant association between periodontal status
and either MC degranulation (Table 4 and Fig. 2) or
collagen fiber maturation (Table 5 and Fig. 3).

A Pearson’s correlation test indicated a significant
correlation between MC number and probing depth (r
= 0.34; p=0.04; Table 6). No further associations were
found between other clinical parameters and MC den-
sity (p>0.12).

Discussion

This study revealed that in health and gingivitis (con-
trol) specimens, there was an association between
higher MC density and more immature collagen.
Furthermore, MC density was higher in periodontitis
tissues than in control tissues in areas of CT with
inflammatory infiltrate, and there was a positive cor-
relation between MC density and PD. No significant
relationship was observed between periodontal diag-
nosis and collagen maturation or MC degranulation.

Table 1. MC Density (Mean % SD) by Histological Region in
Periodontitis and Control Tissues.

Mast Cell Density (Mean + SD)

Area Periodontitis (n=16) Control (n=18) p Value
JE 12.95 + 14.78 29.21 £ 46.77 0.192
OE 13.01 + 16.57 12.73 £ 12.74 0.962
CTI 339.01 £ 188.94 211.14 £ 131.13 0.04>
CTWI 196.42 + 122.22 183.32 + 236.85 0.842

Abbreviations: MC, mast cell; JE, junctional epithelium; OE, oral
epithelium; CTI, connective tissue with inflammatory cells; CTWI,
connective tissue without inflammatory cells.

aStudent’s t-test.

bMann—Whitney test.

It was hypothesized that there is an interaction
between MCs and collagen maturation during
chronic periodontitis. As in the control specimens,
there was a significant association between
increased immature collagen and increased MC
density, and it was not observed in the periodontitis
group; therefore, the hypothesis was confirmed. It
may be suggested that this interaction is disturbed
in periodontitis. The immature collagen may repre-
sent newly formed collagen fibers due to collagen
degradation.

In contrast, no significant relationship between
degranulated MCs and periodontal diagnosis was
found. No significant relationship between degranu-
lated MCs and periodontal diagnosis was found. This
result contrasts those of previous studies, which found
an increased population of degranulated MCs in peri-
odontitis19.29.30 and observed weak evidence of MC
degranulation in healthy gingival tissues. This sug-
gests that MC products might not be the primary driver
of gingival destruction, but rather are contributing or
secondary factors involved in the evolution of peri-
odontal disease.

A higher MC density was observed in periodontitis
tissue in the area surrounding the CT with inflammatory
infiltrate and a positive correlation between MC density
and PD was also found. Whereas many authors have
shown increased MC density with periodontitis,7-19.30
others have shown a decreased number with periodon-
tal inflammation.20-22 These contrasting results can be
explained by the fact that periodontal disease is an
inflammatory disease with different stages of develop-
ment and activity.3! In addition, specimens exhibiting
different inflammation statuses might have been ana-
lyzed. Independent of MC density in periodontitis, it is
clear that these cells participate in host defense and
inflammation in gingival tissues.
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A

Figure |. Immunohistochemistry with mast cell tryptase antibody showing mast cell density. (A) Periodontitis sample (scale bar = 50
um); (B) Control sample (scale bar = 20 pm).

MCs have important effector functions against a process that is influenced by environmental factors,
pathogens.1718,32-35 Once released into the circulation, cellular origin, bacterial products (lipopolysaccha-
undifferentiated precursors complete maturation and rides), and cytokines.5 MCs are distributed throughout
differentiation after being recruited to specific tissues, the tissue, and are typically located adjacent to blood
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Table 2. MC Density (Mean £ SD) by Histological Region
According to Immature Collagen Fibers, in Control (n=18) and
Periodontitis (n=16) Tissues.

Table 3. Relationship Between Collagen Maturation in CTI
and CTWI and MCs’ Degranulation in Periodontitis (n=16) and
Control (n=18) Tissues.

MC Density
Immature Collagen Fibers
Control Yes (n=15) No (n=3) p Valuea
CTWI
JE 05.02 + 8.69 34.05 + 49.95 0.34
OE 12.88 + 08.43 12.70 £ 13.70 0.98
CTI 265.30 + 109.67 200.30 + 135.66 0.45
CTWI 549.28 + 44427 110.13 + 74.05 0.001
CTI
JE 46.33 + 80.62 24.32 £+ 35.29 0.42
OE 03.10 £ 03.95 1548 + 13.12 0.09
CTI 195.74 £ 22540  215.54 + 103.27 0.80
CTWI 181.47 £ 110.84 183.85 + 265.56 0.99
Periodontitis Yes (n=13) No (n=3)
CTWI
JE 09.34 + 13.21 13.47 £ 15.37 0.73
OE 15.16 £ 21.44 12.70 £ 16.75 0.85
CTI 36445 +251.21  335.37 £ 190.33 0.85
CTWI 295.38 £ 83.15 182.28 + 122.41 0.23
CTI
JE 16.77 £ 14.54 12.07 £ 15.27 0.64
OE 16.16 £ 27.98 12.27 £ 14.47 0.73
CTI 183.92 + 108.95 374.80 + 187.74 0.12
CTWI 111.69 + 24.66 21597 + 127.92 0.19

Abbreviations: MC, mast cell; CTWI, connective tissue without
inflammatory cells; JE, junctional epithelium; OE, oral epithelium; CTlI,
connective tissue with inflammatory cells.

aChi-square test.

vessels and lymph vessels and near the epithelium.5
In this study, it was shown that MCs are distributed in
the OE, JE, and CT in both clinically healthy and peri-
odontitis gingival tissue.

Sample size can be considered a limitation of this
study. Studies with a larger sample size should be
subsequently performed. Future studies should also
attempt to better characterize the stage of inflamma-
tion for the included samples. Furthermore, the age of
the patients should be taken into account in future
studies, as age-related changes in rates of collagen
synthetic and degradative processes have been
described.36

In conclusion, MCs are involved in periodontal dis-
ease pathogenesis, independent of disease stage,
and might be associated with collagen fiber matura-
tion in periodontal tissue during the early stages of

>50% of
Immature Odds Ratio p
Collagen Fibers MCs’ Degranulation (95% ClI)  Value2
CTWI
Control Yes—n (%) No—n (%) 2.00 0.55
[0.13, 30.16]
No 3 (75.0) 12 (85.7)
Yes I (25.0) 2 (14.3)
Periodontitis
No 4 (66.7) 9 (90) 4.50 0.30
[0.31, 65.23]
Yes 2 (33.3) I (10)
CTI
Control Yes—N (%) No—N (%) 1.00 0.71
[0.11,9.23]
No 7(77.8) 7(77.8)
Yes 2 (22.2) 2 (22.2)
Periodontitis
No 3 (100) 11 (84.6) 0.79 0.65
[0.60, 1.03]
Yes 0 (0) 2 (15.4)

Abbreviations: CTl, connective tissue with inflammatory cells; CTWI,
connective tissue without inflammatory cells; MC, mast cell; Cl,
confidence interval.

aChi-square test.

Table 4. MC Degranulation in CTl and CTWI Infiltrate in
Periodontitis (n=16) and Control (n=18) Tissues.

>50% of N (%)
Degranulated Odds Ratio
MCs Periodontitis  Control (95% Cl)  p Value2
CTI
Yes 6 (37.5) 9 (50.0) 0.60 0.35
[0.15, 2.36]
No 10 (62.5) 9 (50.0)
CTWI
Yes 3 (42.9) 4 (57.1) 0.8l 0.57
[0.15, 4.32]
No 13 (48.1) 14 (51.9)

Abbreviations: MC, mast cell; CTl, connective tissue with inflammatory
cells; CTWI, connective tissue without inflammatory cells; Cl, confidence
interval.

aChi-square test.

periodontal disease. The present results improve the
understanding of periodontal disease pathogenesis
and might help in the development of new therapies
based on host response.
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Figure 2. Immunohistochemistry with mast cell tryptase antibody showing mast cell degranulation. (A) Periodontitis sample (scale bar
=20 pm); (B) Control sample (scale bar = 20 pm).
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Table 5. Immature Collagen in CTl and CTWI in Periodontitis (n=16) and Control (n=18) Tissues.

>50% of Immature Odds Ratio
Collagen Fibers Periodontitis Control (95% CI) p Valuea
CTI
Yes 3(18.7) 4(22.2) 0.81 [0.15, 3.31] 0.57
No 13 (81.3) 14 (77.8)
CTWI
Yes 2 (12.5) 3(l6.7) 0.71 [0.10, 4.93] 0.56
No 14 (87.5) 15 (83.3)

Abbreviations: CTI, connective tissue with inflammatory cells; CTWI, connective tissue without inflammatory cells; Cl, confidence interval.
aChi-square test.

Figure 3. Picrosirius coloring of collagen fibers (an intense red color represents mature and thick collagen fibers; a lighter red color
represents immature and thin collagen fibers). (A) Periodontitis sample (scale bar = 200 um); (B) Control sample (scale bar = 200 pm).

Table 6. Correlations Between MC Density Based on Region and PD, CAL, and CEJ-GM (N=34).

Histological Area

Clinical Parameters JE OE CTI CTwi CTT
PD r=-0.21 r=0.09 r=0.34 r=0.0I r=024
p=0.24 p=0.62 p=0.04 p=0.94 p=0.18
CAL r=-0.22 r=0.09 r=0.27 r=0.09 r=025
p=0.20 p=0.59 p=0.12 p=0.60 p=0.16
CEJ-GM r=-0.19 r=0.003 r=023 r=0.09 r=022
p=0.28 p=0.99 p=0.20 p=0.59 p=0.21

A Pearson Correlation test was performed to assess statistically significant differences. Abbreviations: MC, mast cell; PD, probing depth; CAL, clinical
attachment level; CEJ-GM, cement-enamel junction to gingival margin distance; JE, junctional epithelium; OE, oral epithelium; CTI, connective tissue
with inflammatory cells; CTWI, connective tissue without inflammatory cells; CTT, connective tissue total.
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