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Introduction

Giant cell granuloma is a lesion with proliferation of 
giant cells in a mesenchymal stroma (Kujan et al., 2015). 
In maxillofacial region this lesion occurs in 2 clinical 
forms; despite histopathological similarity between these 
2 forms their clinical behaviors are totally different.

Central giant cell granuloma (CGCG) is recognized 
as an intraosseous tumor while peripheral giant cell 
granuloma (PGCG) is considered a common tumor-like 
lesion of the oral cavity, which also can be considered 
a reactionary lesion (Newiel etal., 2008; Shojaei et al., 
2015). On the other hand, there is important evidence 
regarding the role of angiogenesis in different stages 
of tumor formation and according to some studies mast 
cells have an important role in the angiogenesis process 
(Jahanshahi et al., 2012; Manpreet et al., 2012).

Mast cells were introduced by Paul Ehrlich for the 
first time in 1877 and described as Mastzellan (Kessler et 
al., 1967). The role of these cells is clear in host defense 
mechanisms. They also play a role in allergic reactions and 
anaphylactic shock. These cells have characteristics that 
enable them to play a role in a broad range of biological 
activities (Varsha et al., 2014). Their wide biological 
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characteristics, wide distribution and strategic deployment 
near blood vessels, nerves, inflamed tissues and neoplastic 
masses enable them to play an important role in many 
pathological, immunological and physiological processes 
(Church etal., 1997; Tan et al., 2004).

Chemotaxis of mast cells near tumors is independent 
from the presence of inflammatory mediators and results 
in secretion of chemical substances (chemoattractants) by 
tumoral cells such as IL-3, FGF-2 and SCF. So, formation 
of paracrine loop which results in chemotaxis of mast cells 
and level of these chemical substances in stroma around 
tumor has a relation with progression and aggressiveness 
of tumor (Gruber et al., 1995).

Mast cells secrete a wide range of mediators. Some of 
these mediators act as an irritant to tumors and promote 
tumor production and some have inhibitory effects on 
malignancies (Theoharides et al., 1982).

Therefore, since mast cell concentrations are higher in 
some highly aggressive tumors compared to less aggressive 
ones (Dabbous et al., 1991) and since some studies have 
shown that vascular concentration is considerably higher 
in aggressive giant cell granuloma of the jaws compared 
to less aggressive ones (Peacock et al., 2012), comparison 
of mast cells and vascular concentrations between these 
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two clinical forms of giant cell granuloma might be useful 
in evaluating the differences in their clinical behaviors. 
To the best of our knowledge, no study to date has 
compared mast cell concentrations in CGCG and PGCG 
of the jaws. Therefore the aim of the present study was to 
compare mast cell and vascular concentrations in CGCG 
and PGCG.

Materials and Methods

In this cross-sectional descriptive study, 20 pathological 
samples of CGCG and 20 samples of PGCG were selected 
and examined from the archives of Razi Pathology 
Laboratory in Rasht.

The paraffin blocks were selected and two 4-micron 
sections were prepared from each block, one for staining 
with toluidine blue for mast cell assessment and one 
for immunohistochemical staining through vascular 
endothelial growth factor (VEGF) antibody.

Toluidine blue staining
After preparation of 5-micron tissue sections from the 

paraffin blocks and placing them on dry-heat, preparations 
were made for toluidine blue staining according to 
instructions .

Figure 1. Toluidine blue staining of central giant cell 
granuloma sections under ×400 magnification. Mast cells 
are shown by arrow.

Immunohistochemical staining steps
First 4-micron sections were prepared from the paraffin 

blocks for immunohistochemical staining, followed 
by deparaffinization by placing the blocks in xylene. 
Then alcohol was dehydrated at different temperatures 
and 0.03% hydrogen peroxide and then washed in PBS 
(phosphate-buffered saline) for 3 minutes. Subsequently, 
for the process of antigen recovery they were placed in a 
microwave under a pressure of 2 atm and a temperature 
of 120°C and cooled at room temperature for 20 minutes.

After the slides were washed in PBS they were 
subjected to primary antibody at room temperature for 
30 minutes and then subjected to secondary antibody, 
followed by washing in PBS, being subjected to DAB 
chromogen and being counter-stained by Meyer’s 
hematoxylin. Then the slides were placed in rising 
concentrations of alcohol and xylene, and coated by 
Entellan and mounted (Seifi et al., 2012).

After preparation of slides the mast cells were counted 
and recapitulated by 2 observers in 10 random views under 
a light microscope at ×400. In the next step 10 random 
fields were examined at ×400 for assessment of expression 
of VEGF. The results were reported as >50% and ≤50%.

Figure 2. VEGF Immunohistochemical staining of 
central giant cell granuloma section at ×400 magnification 
showed expression of >50%.

The first observer was an oral and maxillofacial 
pathologist and the second was a dental student who was 
trained by the pathologist for this purpose. It is necessary 
to point out that counting was carried out without 
awareness about the type of the lesion.

In the end the counts determined by the two observers 

for all the slides as well as all the information regarding 
the patients’ sex and age were analyzed.

Statistical analysis
Independent t-test was used to compare the number 

of mast cells between central and peripheral giant cell 
granulomas. Chi-squared test was used to compare VEGF 
expression between the two groups. In addition, backward 
multivariate linear regression was used to assess the effect 
of variables such as sex, age and site of the tumor on mast 
cell and vascular concentrations. Furthermore, t-test was 
used was used to assess the relationship between the 
number of mast cells and expression of VEGF in central 
and peripheral lesions. SPSS 20 was used for all the 
statistical analyses at P<0.05.

Results 

Mast cell concentrations
As shown in Table 1 the minimum and maximum 

mast cell counts in CGCG were 28 and 86, respectively 
with a mean and standard deviation of 59.05 and 15.37, 
respectively.

In the PGCG the minimum and maximum mast cells 
counts were 19 and 59, respectively, with a mean and 

Figure 1. Toluidine Blue Staining of Central Giant 
Cell Granuloma Sections Under ×400 Magnification

Figure 2. VEGF Immunohistochemical Staining 
of Central Giant Cell Granuloma Section at ×400 
Magnification Showed Expression of >50%
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standard deviation 34.95 and 11.18, respectively.
Statistical analysis regarding comparison of mast cell 

and vascular concentrations in these two groups was as 
follows: Mast cell concentration exhibited a significant 
difference between central and peripheral giant cell 
granulomas, with significantly higher counts in CGCG 
compared to PGCG.

VEGF expression
Comparison of VEGF expression in CGCG and 

PGCG: Table 2 shows VEGF expression in CGCG, with 
≤50% in 4 samples and >50% in 16 samples. Furthermore, 
it was ≤50% in 15 cases and >50% in 5 cases of PGCG 
samples.

According to chi-squared test, VEGF expression 
exhibited a significant difference in CGCG and PGCG 
(P<0.001).

In this study a significant correlation was found 
between VEGF expression and concentration of mast 
cells, indicating that lesions with higher VEGF expression 
exhibited higher concentrations of mast cells.

Correlation of age, sex and site of the lesion with mast 
cell counts and VEGF expression

For assessment of the effect of sex and age on mast 
cell counts and vascular concentration, linear regression 
was used and no relationship was found between age, sex 
and site of the lesion and concentration of mast cells and 
angiogenesis.

Discussion

The results of this study, showed significant differences 
in VEGF expression and mast cell concentration between 
CGCG and PGCG. This means that VEGF expression and 
mast cell concentrations were higher in CGCG compared 
to PGCG. Also there was a significant correlation between 
VEGF expression and concentration of mast cells. Also 

no relation was found between age, sex and site of the 
lesion and concentration of mast cells and angiogenesis.

Peacock et al demonstrated the level of vascular 
concentration and angiogenesis in aggressive giant cell 
granuloma compared to the non-aggressive one (Peacock 
et al., 2012). In their CGCG samples with more aggressive 
behavior, VEGF expression was higher and as VEGF 
is one of the mediators released by mast cells it can be 
claimed that mast cells can increase vascular concentration 
and result in more aggressive behavior.

Furthermore, Susarla et al demonstrated that the 
density of stained CD34 as one of the vascular markers was 
higher by 2.5% in aggressive lesions and less than 2.5% 
in giant cell granuloma (Susarla et al., 2009). Farahani 
et al demonstrated that mast cells have a role in collagen 
synthesis by fibroblasts and microscopic differences in 
soft tissue lesions, which can cause different degrees of 
fibrosis in these lesions; in addition, mast cell counts were 
significantly lower in PGCG compared to IFH and POF 
(Farahani et al., 2010). Some other studies demonstrated 
that aggressive lesions have higher BFGF compareding 
to non-aggressive ones (Peacock et al., 2012). PGCG is 
less aggressive as it has lower mast cell counts, which 
coincide with the results of the present study. Also similar 
results were achieved in a study by Reddy et al in relation 
to collagen synthesis by fibroblasts and the probable role 
of mast cells in the development and progression of the 
lesions evaluated, which coincide with the results of the 
present study (Vandana et al., 2014).

Mast cells have a broad range of function, physiological 
characteristics, wide distribution and strategic deployment 
near blood vessels, nerves, inflamed tissues and neoplastic 
masses, enabling them to play an important role in 
many pathological, immunological and physiological 
processes (Gomez et al., 2005; Rojas et al., 2005; Costa 
et al., 2009; Parizi et al., 2010; Manpreet et al., 2012). 
In addition, these differentiated cells selectively secrete 
unique granules or distinctive mediators. (Theoharides 
et al., 1982). Furthermore, immunohistochemical studies 
have shown a close relationship and close proximity of 
mast cells with blood vessels around tumors similar to 
fibroblasts; therefore, irritating effects of mast cells on 
angiogenesis or fibroblast or their roles within tumors 
are more important than inhibitory effects by heparin and 
fibroblasts. (Samoszuk et al., 2003; Samoszuk et al., 2005).

As a result, based on the results of the present study, 
mast cell counts and VEGF expression are higher in CGCG 
than PGCG and it seems that in these lesions the mediators 
secreted from mast cells selectively affect angiogenesis, 
resulting in an increase in vascular concentration and 
probably leading to more aggressive clinical behavior of 
CGCG compared to PGCG.

In conclusion, It seems higher concentrations of mast 

Table 1. The Overall Data for Mast Cell Observations

Lesion Samples Maximum amount 
of mast cells

Minimum amount 
of mast cells Mean SD

Central 20 86 28 59.05 15.37
Peripheral 20 59 19 34.95 11.18

Table 2. Comparison of Vascular Concentrations in 
CGCG and PGCG

VEGF>50 VEGF<50 Total

Lesion
central 16 4 20

peripheral 5 15 20
Total 19 21 19 40

Table 3. Relation Ship between Vascular Concentrations 
and Mast Cell Concentration
VEGF Number Mean SD

>50% 21 54.09 19.51
<50% 19 39.15 12.53
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cells in CGCG samples versus PGCG might lead to 
aggressive clinical behavior via vascular proliferation and 
angiogenesis. However, any other biologic mechanisms 
should be considered in this situation
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