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Comparison of Mast Cell Presence in Inflammatory Periapical Lesions 
Including Periapical Cyst and Granuloma Using Cd117 (C-KIT)
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Background: Periapical lesions are induced in response to injuries to periapical tissues, which are generally the result of infections within 
the root canal. Mast cells actively participate to the inflammatory infiltration of periapical granulomas and cysts.
Objectives: The aim of this study was to detect and compare the presence of mast cells in inflammatory periapical lesions, including cysts 
and granulomas.
Materials and Methods: In this cross-sectional study, 26 samples of inflammatory periapical lesions (17 cysts and nine granulomas) were 
stained with an immunohistochemical technique using CD117 (C-KIT) antibody to detect mast cells. Then, mast cell count (the number of 
mast cells in 0.2 mm2) and the intensity of mast cell staining were determined by two board certified pathologists. Fisher exact test and 
t-test were used for statistical analysis, with P < 0.05 for statistical significance.
Results: Although mast cells were observed in all samples, there were more numerous in periapical granulomas compared to periapical 
cysts, with no statistically significant difference (P = 0.076). The results also demonstrated that the staining in periapical cysts and 
granulomas were of strong and moderate intensity, respectively, without any significant difference (P = 0.411).
Conclusions: According to the results of this study, it appears that mast cells are present in all the investigated inflammatory periapical 
lesions and might play a role in the pathogenesis of these lesions.
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1. Background
The human body responds to physical, chemical and mi-

crobiologic injuries via inflammatory reactions. Inflam-
matory lesions are considered one of the most common 
pathologic conditions of the jaws (1). Periapical lesions 
are classified into inflammatory, benign, benign‒aggres-
sive and malignant lesions (2). When the primary origin 
of a lesion is a necrotic pulp tissue and the osseous lesion 
is confined to the area of the involved tooth, the situation 
is called an inflammatory periapical lesion (1). The major-
ity of periapical lesions (> 90%) are classified as radicular 
cysts and periapical granulomas (3). Periapical granulo-
mas comprise approximately 75% of inflammatory peri-
apical lesions. From a histopathological viewpoint, these 
lesions consist of an inflammatory tissue bud, surround-
ed by fibrotic connective tissue (4). The granulation tis-
sue consists of a dense infiltration of lymphocytes com-
posed of neutrophils, plasma cells, histiocytes, mast cells, 
basophils and other inflammatory cells (4, 5).

Periapical cysts are the most common cysts of the jaws 
(50 - 75 % of the cysts of the jaws) (2), which are enclosed 
by stratified squamous epithelium, and might have 
exocytosis, spongiosis and hyperplasia. In the connec-
tive chorion of a cyst, a mixture of lymphocytes, plasma 
cells, multi-nucleated giant cells, several rare mast cells 
and eosinophils, necrotic debris and dystrophic calcifi-
cations may be found (4, 5). Of all the cells identified in 
periapical lesions, mast cells have been observed in the 
inflammatory infiltration of granulomas and cysts (6, 7). 
Mast cells comprise almost 4.2 ± 2% of all the cellular in-
filtrations in periapical lesions (8), and have a major role 
in inducing hypersensitivity reactions and inflammatory 
processes (6). It has been suggested that IgE secreted by 
mast cells has a key role in the pathogenesis of periapical 
granulomas, anaphylactic reactions and hypersensitivity, 
and is considered to have an active function in the immu-
nologic process and pathogenesis of these lesions, as well 
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(9). Mast cells and their secreted enzyme, tryptase, are as-
sociated with bone loss during the development of cysts 
(7). Presence of degranulated mast cells in the vicinity of 
fibroblasts is an indicative of their possible role in the 
formation of a fibrotic tissue (6). Mast cells’ mediators, 
including histamine and prostaglandins, cause bone 
loss, which leads to growth and maturation of cysts (7). 
In contrast, mast cell tryptase induces fibroblasts to pro-
duce collagen. Therefore, these cells are involved in both 
wound healing and fibrosis (6). It is believed that mast 
cells contribute to the synthesis of fibrotic tissues by pro-
ducing hyaluronic acid. On the other hand, mast cell-de-
rived heparin promotes the growth of collagen fibers (6).

There are several techniques to identify mast cells. It 
appears that staining of mast cells with toluidine blue 
identifies only those cells which have intact granules. In 
addition, in immunohistochemical staining with trypt-
ase, basophils are stained similar to mast cells as well, be-
cause they can release tryptase. Therefore, tryptase can-
not be used to make a distinction between mast cells and 
basophils. The CD117 antigen (C-KIT) is a membrane gly-
coprotein produced by the gene KIT (10) and is expressed 
by several normal tissue cells, including hematopoietic 
cells, mast cells, melanocytes and the stromal cells of the 
digestive system (6, 11).

Since the literature shows that CD117 staining probably 
has a higher sensitivity for the identification of mast cells 
(6), we used this technique to identify mast cells.

2. Objectives
The aim of this study was to detect and compare the 

presence of mast cells in periapical granuloma and cyst, 
by using the CD117 marker.

3. Materials and Methods
In this cross-sectional study, 26 samples from 17 periapi-

cal cysts and nine periapical granulomas were evaluated. 
Paraffin blocks were retrieved from the archives of the De-
partment of Oral and Maxillofacial Pathology, Faculty of 
Dentistry, Hamadan University of Medical Sciences, Hama-
dan, Iran. The blocks were re-evaluated by two experienced 
and board certified pathologists. Afterwards, a 4 μm sec-
tion was provided from each paraffin block for immuno-
histochemical staining, to evaluate the expression of CD117 
proteins (clone: T595) in mast cells, according to manufac-
turer’s instructions (NOVO CASTRA, Newcastle-upon-Tyne, 
UK). The paraffin blocks were kept at room temperature 
for 24 hours, followed by deparaffination by xylene and 
staining based on manufacturer’s instructions, as follows: 
The samples were first immersed in a citrate solution and 
placed in a microwave oven, followed by rinsing with dis-
tilled water. Thereafter, the samples were placed in a moist 
environment and immersed in peroxidase, biotinylated 
link antibody, streptavidin, chromogen and hematoxylin, 
respectively, interspersed by rinsing in distilled water for 
5 minutes. Finally, the samples were placed in absolute al-
cohol and fixed with Entellan adhesive (Merck-Millipore 

Corp., Billerica, Massachusetts, USA). Gastrointestinal stro-
mal tumor tissue (GIST) was used as a positive control for 
CD117 staining. The initial antibody was eliminated in the 
negative controls.

Mast cell counts (the number of mast cells in 0.2 mm2) 
(12) were evaluated in the connective chorion of peri-
apical cysts and periapical granulomas, using the CD117 
marker, as follows: At first, under x400 magnification, 
five areas, with the greatest number of mast cell stain-
ing with CD117 marker, were selected as the “hot spots” 
and photographed using a DP12 digital camera (Model 
U-TVO/5 XC-3, Olympus Corp., Tokyo, Japan) connected 
to a microscope (Olympus BX-41, Olympus Corp., Tokyo, 
Japan). Then, the AnalySIS LS Starter software (Olympus 
Corp., Tokyo, Japan) was used to count the number of 
stained mast cells in these areas by two pathologists and 
the means were calculated.

The intensity of mast cell staining was determined us-
ing the Modified Quick Score technique, in which the in-
tensity of staining is classified in four groups, as follows:

Negative: No staining.
Weak: The cells are only visible under high-power mag-

nification.
Moderate: The cells are easily seen under low-power 

magnification.
Strong: Even under low-power magnification, intense 

staining of the cells is visible (13).
In this study, quantitative variables were analyzed by t-

test and the qualitative ones by Fisher exact test, the SPSS 
software, version 16 (SPSS Inc., Chicago, IL, USA). In addi-
tion, Pearson’s correlation coefficient and Intra class cor-
relation were measured to determine to what extent the 
results of two pathologists’ observation were convergent. 
Statistical significance was defined at P < 0.05.

4. Results
Ten periapical cysts and five periapical granulomas [15 

samples (57.7%)] belonged to females, whereas seven peri-
apical cysts and four periapical granulomas [11 samples 
(42.3%)] belonged to males. The Pearson’s correlation co-
efficient between two observers was measured as 0.089 
(P < 0.001). Meanwhile, intraclass correlation for single 
measure was 0.978 and for average measures was 0.989. 
The immunoreactivity of the C-KIT in mast cells in peri-
apical cysts and periapical granulomas is illustrated in 
Figures 1 and 2.

Means (standard deviations) of age in periapical cysts 
and granulomas were 28.35 (12.28) and 43.22 (7.19) years, 
respectively, with a mean age of 33.5 (12.85) years, for all 
samples. The most commonly involved locations of the 
samples were the posterior mandible and posterior max-
illa, each with eight (30.8%) samples (five periapical cysts 
and three periapical granulomas in the posterior maxilla 
and four periapical cysts and four periapical granulomas 
in the posterior mandible). The least commonly involved 
location was the anterior maxilla with three (1.53%) peri-
apical cysts. Means (standard deviations) of mast cell
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Figure 1. Immunoreactivity of the C-KIT (CD117) in Periapical Cyst (× 400) Figure 2. Immunoreactivity of the C-KIT (CD117) in Periapical Granuloma 
(× 400)

Table 1.  The Staining Intensities of Mast Cells With C-Kit (CD117) in Groups a,b

Lesions staining intensity Negative Week Moderate Strong Total

Periapical cysts 0 (0) 5 (29.4) 2 (11.8) 10 (58.8) 17 (100)

Periapical granulomas 0 (0) 2 (22.2) 4 (44.4) 3 (33.3) 9 (100)

Total 0 (0) 7 (26.9) 6 (23.1) 13 (50) 26 (100)
a  P Value = 0.411, for the exact Fisher test, the weak and moderate staining intensities have been combined in order to calculate P value.
b  All values are presented as No. (%).

counts in periapical cysts and granulomas were 14.75 
(5.59) and 21.8 (13.88), with no statistically significant dif-
ference between the two groups (P < 0.076). The staining 
intensity of mast cells (CD117) in the periapical cysts was 
predominantly of severe type (58.8%), while in periapi-
cal granulomas it was predominantly of moderate type 
(44.4), with no statistically significant difference (P = 
0.411) (Table 1).

5. Discussion
The inflammatory infiltrate of periapical lesions con-

sists of plasma cells, lymphocytes and macrophages (6). 
The role of mast cells in allergy and the innate immune 
response has been well elucidated; however, their in-
volvement in the pathogenesis of periapical lesions has 
not been well understood and, in most cases, they are at-
tributed to hypersensitivity reactions (6). Basophils can 
release tryptase like mast cells. Therefore, in the present 
study, we used the CD117 staining technique, because it 
has a higher sensitivity to identify mast cells and to dif-
ferentiate them from basophils (6).

In the present study, mast cells were identified in all 
evaluated samples (periapical granuloma and the con-
nective chorion of periapical cysts), which is comparable 
with the studies by Drazic et al. and Rodini et al. in which 
mast cells were observed in all areas of periapical cysts 
and granulomas (6, 7). One of the first and pioneering 
studies on this aspect was performed by Matheisen et al. 

who showed the presence of mast cells in periapical cysts 
and granulomas (14). In various studies, mast cells have 
been observed and reported in different areas (9). Several 
researchers have reported the presence of mast cells pre-
dominantly in inflamed areas and several others in vas-
cular and fibrotic areas, while the rest in subepithelium 
of odontogenic cysts, which shows the role of mast cells 
in the initiation, development and progression of these 
lesions through vasodilation, production of proteogly-
cans, allergic responses, synthesis of collagen, regula-
tion of inflammation, bone resorption and destruction 
of extracellular matrix (9, 15-18). In a study by Drazic et 
al. mast cells were not observed in all samples, but they 
were found in the majority (71%) of periapical lesions (6), 
demonstrating the great importance of mast cells in the 
pathogenesis of these lesions.

The results of the present study showed higher mast 
cell counts in periapical granulomas compared to peri-
apical cysts, with no statistically significant difference. In 
the study by Drazic et al. on periapical cysts and granulo-
mas using the C-KIT marker, higher mast cell counts were 
found in periapical cysts compared to periapical granulo-
mas, with statistically significant difference (6), which is 
contrary to our study. In a study by Rodini et al. the pres-
ence of mast cells in periapical cysts and granulomas was 
evaluated using tryptase marker. Their results showed 
higher mast cell counts in periapical cysts compared to 
periapical granulomas, with a statistically significant dif-
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ference (7), which is not in concordance with our study. 
The differences might be attributed to a variation in the 
type of markers used for evaluation of mast cells. 

Ledesma-Montes et al. have used the toluidine blue 
staining technique and reported a higher mast cell 
count in periapical granulomas compared to periapi-
cal cysts (9). We used CD117 to stain mast cells and ob-
served intense staining in periapical cysts and moder-
ate staining in periapical granulomas, with half of the 
total samples having intense staining and almost one-
third showing moderate staining, which is considered a 
higher staining intensity compared to Drazic et al. study, 
in which 15% and 8% had moderate and intense stain-
ing, respectively (6). The differences might be related to 
various staining techniques. However, no statistically 
significant difference was observed in staining intensity 
between periapical cysts and granulomas in the latter 
study, similarly to ours.

Although our study was unable to find a relation be-
tween mast cell count and periapical cysts and granu-
lomas, studies revealed that mast cells participate in 
the pathogenesis of this disease by increasing cysts size 
through the release of heparin and other hydrolytic en-
zymes, which can degrade glycosaminoglycans and pro-
teoglycans in the cystic fluid and increase the osmotic 
and hydrostatic pressure within the cyst (17). Smith and 
colleagues reported that mast cells population is high in 
odontogenic cysts, as a source of mucopolysaccharides, 
which promote the development of these lesions (19). 
Additionally, Teronen et al. reported that the presence 
of degranulated mast cells in odontogenic cysts and in 
the immediate vicinity of the surrounding bone is re-
sponsible for bone resorption and enlargement of the 
cyst (20). Multiple studies have stressed the role of mast 
cells in bone loss and the pathogenesis of osteoporosis. 
De Noronha Santos Netto et al. suggested that mast cells 
could regulate the activity of osteoclasts by releasing 
granules containing stem cell factor (17). Drazic et al. re-
ported that mast cells are responsible for an increase in 
bone loss by releasing heparin and tumor necrosis factor 
alpha (TNF-α), which are osteoclast activators (6).

In our study, mast cells were identified in all samples; 
hence, they probably play a critical role in bone loss in 
periapical lesions. Mast cells release tryptase, kinase, and 
cytokines, including TNF-α and (interleukin 1) IL-1, which 
degrade connective tissue by activation of matrix metal-
loproteinases (9). Interestingly, mast cells are the only 
cells which release TNF-α from pre-synthesized pools in 
10-20 minutes after activation (7). Since the presence of 
TNF-α has been reported in human periapical lesions (7), 
the effects of this proinflammatory cytokine include os-
teoclastic bone loss (6, 7, 17), an increase in local vascular 
response and progression of chronic inflammation (7). 

Although the previous studies have shown the role of 
mast cells in the angiogenesis of various lesions, a very 
small number of studies have evaluated the possible 
role of mast cells in the angiogenesis of periapical le-

sions. Lima et al. showed the presence of mast cells in all 
periapical cysts and granuloma samples and reported 
a positive relationship between tryptase-positive mast 
cells and angiogenesis (21). Sabarinath et al. reported a 
relationship between angiogenesis and the number of 
tryptase-positive mast cells in submucous fibrosis of the 
oral cavity and considered that it was an important factor 
in the pathogenesis of the lesion (22). Murata et al. men-
tioned that mast cells have the greatest role in the neo-
vascularization of the fleshy tissue bud (23). Walsh dem-
onstrated an association between the density of mast 
cells in tissue components and expression of E-selectin, 
which is an endothelial adhesion molecule with the abil-
ity to activate and induce mast cell degranulation with 
TNF-α granules (24).

The task of mast cells in IgE-dependent hypersensitiv-
ity reactions is well-established. In this regard, Perrini 
et al. reported hypersensitivity in periapical granuloma 
and linked it to degranulation of mast cells, because the 
lesions contained IgE (25). Torabinejad and Bakland re-
ported in their study that mast cells and plasma cells are 
present in periapical granulomas and contain IgE (26). 
Moreover, it has been established that mast cells form fi-
brotic tissues by producing hyaluronic acid. In addition, 
the aggregation of mast cell results in maturation of col-
lagen fibers by releasing heparin. On the other hand, it 
has been shown that mast cells activate fibroblasts and 
induce synthesis of collagen RNA by releasing tryptase (6).

Several studies have shown the role of mast cells in in-
ducing fibrotic tissues in inflammatory lesions of the kid-
neys, lungs and the oral cavity (27). Based on our results, 
mast cells exist in both periapical cysts and granulomas; 
hence, it may be concluded that fibrotic complications 
in periapical cysts and granulomas are related to mast 
cells functions. However, further studies are necessary 
to evaluate the relationship between periapical cysts and 
granulomas pathogenesis and mast cell counts.
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