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INTRODUCTION

ABSTRACT

Aim and Objective: The aim of this study was to investigate the expression
of Src protein (an osteoclastic factor) in peripheral and central giant cell
granulomas (PGCG and CGCGs) of the jaws and the relationship between
the expression of this protein and the clinical behavior of these two lesions.
Materials and Methods: Thirty cases of PGCG and 30 cases of CGCG were
immunohistochemically stained with Src. A staining-intensity-distribution (SID)
score (proportion of stained cells x staining intensity) was used to evaluate
immunoreactivity of the protein. Data were analyzed using statistical
package for social sciences (SPSS) 17.0. Results: There were no significant
differences in the Src expression and the SID score between PGCG and
CGCG. Furthermore, Spearman’s rank correlation coefficient showed that
there was a significant correlation between Src expression and SID score
within both PGCG and CGCG (P < 0.001; r = 0.87 and 0.75, respectively).
Conclusion: The findings of this study suggest that the multinucleated giant
cells share some similarities with osteoclasts and Src protein can be used as
a new therapeutic target to inhibit osteoclastic activity. In addition, differences
in immunoreactivity of this osteoclastic protein do not reflect different clinical
behaviors of PGCG and CGCG.

Key words: Central giant cell granuloma, immunohistochemistry, peripheral
giant cell granuloma, Src

In spite of this histopathological similarity, CGCG and PGCG
have a distinctive biologic performances and it is not certain

Giant cell granuloma is a relatively common tumor-like
lesion of the oral cavity. The peripheral variant of giant
cell granuloma (PGCG) is probably a reactive lesion and
is caused by local irritation or trauma. It occurs absolutely
on the gingiva or edentulous alveolar ridge.l"! Central giant
cell granuloma (CGCQG) is less common than the peripheral
variant and grows centrally in the jaws.[>!

Histologically, both PGCGs and CGCGs are characterized
by the presence of multinucleated giant cells (MGCs) in a
background of mononuclear mesenchymal cells.!*3]
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whether these two lesions are the same.[>¢! The PGCG rarely
causes the underlying bone erosion and recurs infrequently,!->”!
while CGCG has higher growth and recurrence rates and
causes root resorption and cortical perforation.!'>*

The histogenesis of MGCs (hallmark of these lesions) has
been subject of much debate.'” There is some evidence that
MGCs show characteristics of macrophages, endothelial cells,
fibroblasts, myofibroblasts or osteoclast progenitor cells.!'%!!]

Previous studies revealed that MGCs in CGCG exhibit
osteoclastic factors like receptor activator of nuclear factor
kB (RANK), tartrate-resistant acid phosphatase (TRAP),
glucocorticoid receptor (GR) o, and Src."*8I RANK signaling
pathway is the critical regulatory constituent of osteoclast
formation, activation, and survival. The Src protein, which
is required for osteoclast activation in vitro, promotes
RANK pathway to induce cytoskeletal rearrangements and
motility.[>19]
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Considering the fundamental role of RANK/TRAF6-Src
pathway in osteoclastogenesis, we evaluated Src expression
by immunohistochemistry to clarify whether MGCs have
osteoclastic phenotype and immunohistochemical divergence
is associated with different behaviors of CGCG and PGCG.

MATERIALS AND METHODS
Tissue samples

Formalin-fixed, paraffin-embedded biopsy materials of
30 cases of PGCG and 30 cases of CGCG with sufficient
clinical and radiographic records were selected from
laboratory archives of the Oral Pathology Department, Faculty
of Dentistry.

None of the patients had received pharmacological
treatment (e.g. calcitonin or corticosteroids) prior to the
biopsy. Cases with histopathological similarity to CGCG
or PGCQG, but clinically distinct, such as brown tumor of
hyperparathyroidism, cherubism and aneurysmal bone cyst
were excluded.

Immunohistochemistry and staining evaluation

The 4 um-thick sections were placed onto slides. Sections
were deparaffinized in xylene, hydrated through graded
alcohol, and then rinsed in 0.01 M phosphate buffered
saline (PBS; pH 7.4). Endogenous peroxidase activity was
blocked by 3% hydrogen peroxide for 5 min. The sections
were microwaved for 10 min in 10 mM sodium citrate
buffer (pH 6.0) at 100°C for antigen retrieval. After cooling
for 20 min, the slides were washed in PBS and preincubated
with 10% bovine serum albumin (BSA) for 10 min in order
to decrease background staining.

Sections were incubated for 2 h at 37°C with 1:100 diluted
rabbit anti-Src antibody (Sigma, St Louis, MO, USA). PBS was
applied instead of the primary antibody in negative controls.
The standard streptavidin-biotin-peroxidase complex method
was performed to detect the primary antibody with the use of
extravidin-peroxidase staining kit according to manufacturer’s
instructions (Sigma, St Louis, MO, USA). Reaction
products were visualized using 0.3% diaminobenzidine
(Dako Cytomation) solution. Subsequently, sections were
counterstained with Harris hematoxylin for 1 min and
mounted.

For immunohistochemical analysis, two independent
observers performed blind specimen assessment, with an
agreement of 92%. Because of different cross-sectional
dimensions for each sample, eight high power (x400
magnification) non-overlapping fields, limited to relatively
cellular areas containing giant cells, were randomly selected
to obtain the maximum number of high power fields
common to all samples. The cells with a clearly defined

immunostaining were counted. The count was divided by
the total number of cells in each field. The mean of the
eight fields was taken as the Src expression estimation for
each sample. Moreover, the proportion of stained cells and
the intensity of overall staining were assessed for each
field. The proportion of stained cells in each field was
assessed as: 0, no stained cells; 1, 25% stained cells; 2,
25-50% stained cells; and 3, more than 50% stained cells.
Staining intensity was graded as: 0, negative staining; 1,
light staining; 2, moderate staining; and 3, intense staining.
A staining-intensity-distribution (SID) score was computed
for each sample as follows: The score of the proportion of
stained cells for each field was multiplied by the score of the
staining intensity in that field to provide an SID score for
the field. The average of the eight fields was the SID score
for the sample. To enhance the confidence level of positive
staining, sections with too weak and/or equivocal staining
were considered negatively stained.101¢]

Statistical analysis

The collected data were analyzed using the Statistical Package
for Social Sciences (SPSS) 17.0 (SPSS, Chicago, IL).
Interobserver reproducibility for both Src expression and SID
score were determined through six double evaluations for each
measurement. Results were expressed as the mean + standard
error of the mean (SEM). To compare the Src expression and
the SID score, the nonparametric Mann-Whitney U-test was
used. Spearman’s rank correlation coefficient was used to
determine the correlations amongst Src expression and the SID
score in each group. Significance was established ata P <0.05.

RESULTS
Clinical and histopathologic profile of the patients

Complete records and biopsy materials from 30 cases of
PGCG (18 female and 12 male), ranging in age from 7
to 70 (mean 34) years, and 30 cases of CGCG (18 female
and 12 male), ranging in age from 9 to 75 (mean 34) years
were assessed. These findings indicated that age and sex
distributions were relatively similar in PGCG and CGCG
and 60% of cases of both PGCG and CGCG occurred in
females.

PGCG was found in the gingiva of maxilla and mandible in
the same proportion. Fourteen cases of PGCG were located in
the anterior regions (47% of cases) and 16 cases occurred in
the posterior regions of the jaws (53% of cases). Twenty-one
cases of CGCG were located in the maxilla (70% of cases)
and nine cases were found in the mandible (30% of cases).
Fifty-seven percent were in the posterior regions and 43%
were in the anterior regions of the jaws. These results showed
that CGCG occurred more commonly in the maxilla and
posterior regions of the jaws.
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The basic histopathologic patterns for both PGCG and CGCG
were similar and showed classical histopathologic features
described in the literature [Figure 1a].

All the lesions consisted of ovoid to spindle-shaped stromal
cells admixed with MGCs. The size, shape, and number of
MGCs varied within each lesion and from lesion to lesion.
Numerous capillaries and abundant hemorrhage were present
throughout the lesions. Areas of reactive bone formation were
also found within the lesions.

Detection of Src

In this study, immunohistochemical evaluation confirmed
the presence of Src in both the PGCG [Figure 1b] and
the CGCG [Figure Ic]. Mann-Whitney U-test did not
show statistically significant difference neither in the Src
expression (P = 0.057) nor the SID score (P = 0.09) between
PGCG and CGCG [Figure 2]. However, Src expression was
considerably higher in CGCG [Table 1]. Spearman’s rank
correlation coefficient showed a significant correlation between
Src expression and SID score in both the PGCG (r = 0.87,
P <0.001) and the CGCG (r = 0.75, P < 0.001) [Figure 3].

DISCUSSION

PGCGs and CGCGs of the jaws are characterized by the
presence of MGCs in a background of spindle-shaped
mesenchymal cells and monocyte macrophages. The
spindle-shaped cells are related to fibroblasts.! Sources of
monocytes are provided in GCG while imperfect vascular
channels are forming during angiogenesis. [t has been suggested
that the spindle cells which are the proliferating population
of the lesion, recruit monocyte macrophage precursors and
stimulate their differentiation into osteoclastic giant cells by
activating RANK/RANK ligand signaling pathway.!"'” Src
is a member of a family of non-receptor tyrosine kinases.
This protein is activated downstream of RANK (a member
of the tumor necrosis factor (TNF) receptor superfamily) and
induces osteoclast formation, function, and survival.['*!"l The
Src knockout mice developed osteoclasts which fail to resorb
bone. These abnormal osteoclasts have aberrant cytoskeletal
organization and lack polarization of the cell responsible for
bone resorption.[¥]

Table 1: Src expression and staining-intensity-distribution
score in PGCG and CGCG

Studied Number

Src expression SID score

groups ofcases njo.niGEM  P*  MeantSEM  P*
PGCG 30  56.57+5.60 0.057  2.90£037  0.09
CGCG 30  69.836.58 3.96+0.46

*Mann-Whitney U-test. PGCG: Peripheral giant cell granuloma,
CGCG: Central giant cell granuloma, SEM: Standard error of the mean,
SID: Staining-intensity-distribution

Some authorities suggest these MGCs are osteoclasts, while
others believe that the cells are more close to macrophages.
In this study, a statistically signifi cant correlation between
the Src expression and the SID score was observed in both
PGCG and CGCG. These results suggest that the mechanism
by which MGCs stimulate bone resorption in GCG is probably
the RANKL/TRAF6/Src pathway and is similar to the normal

C SELTMEN B it B0 WA el
Figure 1: (a) Hematoxylin and Eosin stained section in which the stroma
surrounding the multinuclear giant cells is cellular and extravasated
red blood cells are seen (H&E stain, x400), (b) Immunohistochemical
staining for peripheral giant cell granuloma showing multinucleated
giant cells (MGCs) expressing Src protein (IHC stain, x400) and
(c) Immunohistochemical staining for central giant cell granuloma
demonstrating Src positive MGCs (IHC stain, x400)
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Figure 2: The means of Src expression and staining-intensity-distribution
(SID) score with error bars in two groups with confidence interval of 95%
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Figure 3: Correlation between Src expression and SID score in
(a) PGCG (r=0.87, P<0.001) and (b) CGCG (r=0.75, P < 0.001)
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and mature osteoclasts. These fi ndings are in agreement with
the results of Liu et al., who demonstrated that the osteoclastic
markers, TRAP, and RANK are expressed in the MGCs of both
PGCG and CGCG.""Lim and Gibbins also have suggested
that the MGCs in CGCG are similar to osteoclasts and express
TRAP 5 and MB1."8 Likewise, Src expression in cherubism,
giant cell tumor, and CGCG has been shown by Wang et a/.l'¥)

Pathogenesis of CGCG and PGCG of the jaws has been
subject of disagreement for many years. Histopathological
and immunohistochemical parameters have been evaluated
in some studies to determine reliable markers related to
their different biologic behavior.*! Moreover, results have
revealed that the use of quantitative methods helps to find
hidden aspects of diseases that may be ignored in routine
histolopathological assessments. However, because of the
limited number of studies evaluating differences between
these lesions, coming to a firm conclusion is difficult.”!

The results of this study showed no statistically significant
difference for both Src expression and SID score between
PGCG and CGCQG, indicating that their biologic diversities are
not supported by different Src expression patterns and PGCG
is the peripheral variant of CGCG.

Souza et al., also concluded that the expressions of p53,
Mouse Double Minute 2 homolog (MDM2), Proliferating
Cell Nuclear Antigen (PCNA), and ki-67 in PGCG and
CGCG do not reflect different clinical behavior of these
lesions.!"! Tiffee and Aufdemorte similarly could not
demonstrate different expressions of TRAP and factor XIII
in PGCG and CGCG.?" However, Florez-Moreno et al.,
demonstrated that both nuclear morphometric parameters
of MGC and CD68 immunoreactivity are different between
PGCG and CGCG.P

In this study, Src expression was considerably higher in
CGCG although it was not statistically significant. Further
investigations with more sample size will make the concept
clearer.

CONCLUSION

The findings of the present study suggest a role of Src (an
osteoclastic factor) in resorptive activity of the MGCs in both
PGCG and CGCGs of the jaws. Therefore, treatment strategies
targeting osteoclasts via blocking RANK/Src activity may
be useful for nonsurgical treatment of PGCG and CGCG
and provide a new therapeutic target to inhibit osteoclastic
activity. In addition, relatively similar immunohistochemical
expressions of Src protein in PGCG and CGCG show that Src
protein is not associated with different clinical behaviors of
peripheral and CGCGs of the jaws.
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