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Introduction: Giant cell granuloma is a relatively common
lesion in oral cavity. Central giant cell granuloma usually
treated with surgical excision with good prognosis.
However in few cases, the lesion exhibits more aggressive
behaviour, high recurrence rate and poor prognosis. It is
difficult to identify these cases based on histological
features so the need for diagnostic markers is of
paramount importance to spare patients unwanted
effects.

Aim: To investigate expression of Ki67, CD31, CD68 and
P53 proteins in peripheral and central (aggressive and
non-aggressive) giant cell granuloma and whether their
expression level can be used to differentiate between
aggressive and non-aggressive types.

Material and methods: A total of 33 cases; 15 cases of
peripheral giant cell granuloma, 10 cases of non-
aggressive central giant cell granuloma and 8 cases of
aggressive central giant cell granuloma were tested for
Kie4, CD31, CD68 and P53 expression using
immunohistochemical staining.

Results: Ki67 was expressed in all study cases with
significantly higher levels in aggressive variant. CD31
expressed in all cases with significantly higher levels in
peripheral giant cell granuloma. CD68 was expressed in all
cases with no significant differences. P53 was only
identified in central giant cell granuloma with significantly
higher levels in aggressive type.

Conclusion: Ki67 and P53 expression might be useful
markers to identify aggressive central giant cell

granuloma.
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Introduction

Giant cell granuloma is a relatively common tumour-like
lesion of the oral cavity [1]. It was considered as a separate

lesion from other jaw lesions and termed (giant cell reparative
granuloma) by Jaffe in 1953. Though it wasn’t believed to be
odontogenic but has been thought to arise from odontoclasts

[2].

Central giant cell granuloma (CGCG) is non-neoplastic
proliferation mostly affecting mandible as an expansile
radiolucency. Peripheral giant cell granuloma (PGCG) is an
extra osseous lesion presenting as exophytic mass located on
the gingiva or alveolar mucosa [3].

Based on clinical and radiographic features CGCG classified
into non-aggressive and aggressive variants. Non aggressive
type is more common, with little or no symptoms and slow
growth. Aggressive type cause pain and exhibit rapid growth,
causing expansion and perforation of cortical bone,
displacement of teeth and root resorption [4].

Histologically, both PGCG and CGCG are characterized by the
presence of multinucleated giant cells in a background of
mononuclear mesenchymal cells [1]. In spite of histological
similarity, both lesions have distinctive biological behaviour;
PGCG rarely recur or cause bone erosion while CGCG has a
higher growth and recurrence rate and can cause root
resorption and cortical proliferation [5].

The exact etiology of giant cell lesions is unknown however,
several causes have been proposed. PGCG is thought to be a
developmental or/and inflammatory reactions in the
periodontal ligament or the periosteum [3,6]. Local trauma,
intra-osseous bleeding and genetic abnormalities are
considered as etiological factors for CGCG [7].

Diagnosis of CGCG normally made histologically from an
incisional biopsy; multinucleated giant cells which can have up
to 30 nuclei spread throughout the lesion or focally around
areas of possible haemorrhage in a background of spindle cell
matrix [8]. However, it is difficult to differentiate aggressive
type based on histological features.

Surgical removal is the main treatment option for CGCG.
However, alternative medical treatments have been used with
success. For example, intra lesional steroid injection [9],
calcitonin injection [10] and treatment with alpha interferon
[11].

The histogenesis of multinucleated giant cells has been
suggested to be of macrophage, endothelial, fibroblast,
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myofibroblast and osteoclasts progenitor cell origin [12].
Whether multinucleated giant cells or the background spindle
cells are responsible for the initiation and progression of these
lesions is still not clear.

Several studies have tried to anticipate the behaviour of
CGCG by assessment of its proliferation activity, vascularity
and angiogenesis, anti-apoptotic activity, extracellular matrix
proteins expression, inflammatory cytokines and even viral
expression [13,14], [8,15-19]. But none of these factors has
proved successful in all cases.

The expression of the human Ki-67 protein is strictly
associated with cell proliferation. During interphase, the
antigen can be exclusively detected within the nucleus,
whereas in mitosis most of the protein is relocated to the
surface of the chromosomes. The fact that the Ki-67 protein is
present during all active phases of the cell cycle (G1, S, G2, and
mitosis), but is absent from resting cells (G0), makes it an
excellent marker for determining the growth fraction of a
given cell population. The fraction of Ki-67-positive tumor cells
is often correlated with the clinical course of the disease
[20-22].

CD68 is a member of lysosome associated membrane
protein family. It is only expressed in the cells of monocyte/
macrophage lineage, when cells express CD68, it confirms
their histiocytic origin [23]. CD68 positive cells are also used
clinically as a marker of inflammation and tumour progression
[24].

The p53 protein is involved in the maintenance of the
cellular integrity after DNA damage by transiently blocking the
cell cycle progression. Also it stimulates DNA repair
mechanism and trigger apoptosis if DNA repair fails.
Alterations in p53, through the loss of heterozygosity, point
mutations, deletions, insertions or interaction with viral
proteins is a hallmark for many carcinomas and aggressive
lesions [25]. Normal tissues as well as benign lesion don’t
express P53. The Role of P53 expression in differentiating
between aggressive and non-aggressive CGCG is still under
investigations.

Platelet Endothelial Cell Adhesion Molecule-1 (PECAM-1/
CD31) is a member of the immunoglobulin superfamily, which
is expressed on many haematopoietic and endothelial cells. It
has been reported as a reliable marker of endothelial
differentiation in formalin-fixed paraffin embedded tissue
sections [26]. CD31 is located at basal positions along the
lateral plasma membrane. It is involved in the formation of
new vessels and commonly used to assess angiogenesis in
growing tissue [27].

Diagnosis of peripheral giant cell granuloma is fairly easy
using H&E stained tissue sections. However differentiating
between aggressive and non-aggressive CGCG is challenging
using this method. In this study, we are investigating the level
of expression of Ki67, P53, CD68 and CD31 proteins in
peripheral and central (aggressive and non-aggressive) giant
cell granuloma in order to elucidate the molecular differences
between these histologically similar lesions. Furthermore, is to
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investigate whether these proteins expression levels can be
used to predict behaviour of aggressive lesions.

Materials and Methods

A total of 33 cases; 15 cases of peripheral giant cell
granuloma, 10 cases of non-aggressive central giant cell
granuloma and 8 cases of aggressive central giant cell
granuloma were collected from archives of the oral pathology
department, faculty of dentistry, Tanta University, Egypt. H&E
stained tissue sections in combination with the clinical
features of the included cases were used to confirm the
diagnosis.

The immunohistochemical staining performed using a highly
sensitive polymer-based system (ChemMate EnVision TM
system, Dako Corporation, Carpinteria, CA, USA) with the
diaminobenzidine substrate solution as chromogen (Sigma, St.
Louis, MO, USA). Formalin fixed paraffin embedded blocks of
PGCG and CGCG were cut into 4 um thick sections, de-
paraffinized in xylene and rehydrated in descending grades of
ethanol. Blocking of endogenous peroxidase activity was
performed using methanol containing 0.3% of hydrogen
peroxide for 30 min. Antigen retrieval was performed by
immersing the sections in a citrate buffer, Ph-6.0, for 10 min.
Then, the sections were incubated with primary antibodies for
one hour in a humid chamber (ki-67, 1:100, clone MIB-5, Dako,
Denmark A/S), CD31(PECAM-1 (platelet/endothelial cell
adhesion molecule 1), 1:20 clone JC704, Dako, Denmark A/S),
CD68, 1: 100 clone KPI, Biocare Medical, Concord, CA/USA)
and p53, 1:25 clone DO-7; IgG 2b, Dako, Denmark A/S). The
sections were rinsed in phosphate buffered saline (PBS) and
secondary antibody was applied at 1:1000 concentrations and
incubated for 30 min. The sections were rinsed in PBS and
covered by chromogen for detection of the reaction. The
sections were then counterstained with Meyer's hematoxylin
and dehydrated in ascending grades of ethanol. Finally, the
slides were mounted and examined under light microscope.
Skin and tonsils tissue sections were used as a positive control
according to the manufacturer's instructions. The negative
control was obtained by the replacement of primary antibody
with PBS.

Scoring of positive cells was performed by two independent
pathologists. Presence of brown colored reaction was
considered as positive reaction. Nuclear immunoexpression
was evaluated for Ki67 and P53, cytoplasmic
immunoexpression for CD68 and membranous staining for
CD31 were measured using Image J software (version 4.10.03,
Nikon, Tokyo, Japan).

Eight high power (X400) fields were randomly selected to
obtain the maximum number of high power fields common to
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all samples. 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.

Statistical analysis

Pre-coded data was statistically analyzed by the Statistical
Package of Social Science Software program (SPSS), version 21.
Data was summarized using frequency and percentage.
Comparison between groups was performed using Chi-square
test or Fisher’s exact test. P values less than 0.05 were
considered statistically significant and if less than 0.01 were
considered highly significant.

Results

H&E stained tissue sections were used to confirm the
diagnosis. Histologic and clinical data (X-ray images and follow
up) were used to diagnose aggressive form of CGCG (Figure 1).
No significant differences in the histopathological features in
terms of number or distribution of multinucleated giant cells
or mesenchymal spindle cells were noted between aggressive
and non-aggressive CGCG.

Figure 1 H&E stained tissue sections showing 1(A) PGCG,
1(B) CGCG and 1(C) aggressive CGCG (Original Magnification
X100).

- J

Immunohistochemical results

Ki67 immune-reactivity: All 33 cases used in this study were
immunopositive for ki67 with varying degree of expression. In
peripheral giant cell granuloma, both stromal cells and
multinucleated giant cells showed moderate positivity to Ki67
(Figures 2A and 2B). In non-aggressive central giant cell
granuloma, few giant cells showed positivity to ki67 and
almost all giant cells were negative (Figures 3A and 3B). Strong
reactivity of both giant and stromal cell was noted in
aggressive central giant cell granuloma (Figures 4A and 4B).
The difference in Ki67 expression in peripheral and central
variants was statistically significant (p-value=0.001). Also the
difference in expression was highly significant between non
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aggressive and aggressive variants (p value=0.001) (Table 1
and Graph 1).

Figure 2 Immune-expression of Ki67 in stromal cells and
giant cells in peripheral giant cell granuloma (Original
Magnification; a X100 & b X200).

Figure 3 Immune-expression of Ki67 in non-aggressive giant
cell granuloma showing weak reactivity of giant cells and
stromal cells to Ki67 (Original Magnification; X100).

Figure 4 Immune-expression of Ki67 in aggressive central
giant cell granuloma showing strong reactivity of giant cells
and stromal cells to Ki67 (Original Magnification; X100).

- J

CD31 immune-reactivity: Endothelial cells in both
peripheral and central giant cell granuloma showed positivity
to CD31. Expression in peripheral giant cell granuloma was
higher than central giant cell granuloma with significant p
value = 0.001 (Table 1 and Graph 1). No significant difference
in CD31 expression was found between aggressive and non-
aggressive central giant cell granuloma (p = 0.953) (Figures 5A,
5B and 5C).
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s N CD68 immune-reactivity: In all 33 cases studied (peripheral
and central giant cell granuloma), some mononuclear cells and
most of the multinucleated giant cells showed cytoplasmic
positivity of to CD68 with no significant difference between
peripheral and central giant cell granuloma nor aggressive and
non-aggressive central giant cell granuloma, (p value = 0.699,
Table 1 and Graph 1) (Figures 6A, 6B and 6C).

P53 immune-reactivity: In peripheral giant cell granuloma,
no P53 expression was detected in either multinucleated giant
R cells or stromal cells (Figure 7A). P53 expression in aggressive
\ 2Group 1 @Croup 2 oGiops | central giant cell granuloma was significantly higher than non-
aggressive type (p value = 0.001, Table 1 and Graph 1). In
Graph 1 Showing the expression levels of CD31, CD68, Ki67 aggressive CGCG, both the giant cells and the stromal cells
and P53 proteins in the study groups; group 1(peripheral were positive for P53 (Figures 7B and 7C).
giant cell granuloma), group 2 (central non-aggressive giant
cell granuloma) and group 3(aggressive central giant cell
granuloma).

Figure 5 Immune-expression of CD31in (A) peripheral giant cell granuloma, (B) non-aggressive CGCG and (C) aggressive CGCG
(Original Magnification; a, b X100 & ¢ X200).

. J

Table 1 Showing expression levels of CD31, CD68, Ki67 and P53 proteins in the study groups; group 1 (peripheral giant cell
granuloma), group 2 (central non-aggressive giant cell granuloma) and group 3 (aggressive central giant cell granuloma).

Range Mean+S.D F-test p-value
CD 31 Group 1 15.9 - 23.53 19.37 +2.33 136.668 0.001* P1 0.001*
Group 2 4.55-10.4 7.15+£2.02 P2 0.001*
Group 3 4.45-9.53 7.21+£1.74 P3 0.953
CD 68 Group 1 16.55 — 25.36 20.72 £2.77 0.362 0.699 P1 0.800
Group 2 16.45 — 25.61 20.45 £2.69 P2 0.403
Group 3 16.84 — 23.09 19.75+2.18 P3 0.578
Kl 67 Group 1 5-8.41 6.54 £1.17 186.478 0.001* P1 0.001*
Group 2 1.63 -3.49 2.37+0.62 P2 0.001*
Group 3 12.9 - 21.56 17.18 £2.92 P3 0.001*
P 53 Group 1 0-0 0.00 + 0.00 627.986 0.001*
Group 2 8.93-14.27 11.85+1.68
Group 3 19.36 — 26.91 22.95+2.47
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*P1: Group 1 and Group 2, P2: Group 1 and Group 3, P3: Group 2 and Group 3

Figure 6 Immune-expression of CD68 in A) peripheral giant cell granuloma, B) non-aggressive central giant cell granuloma and
C) aggressive central giant cell granuloma (Original Magnification X100).

.

Figure 7 Immune-expression of P53 in (A) peripheral giant cell granuloma, (B) non-aggressive central giant cell granuloma and
(C) aggressive central giant cell granuloma (Original Magnification X100).

J/

Discussion

Giant cell granulomas (PGCG and CGCG) are common
lesions affecting oral cavity. PGCG can be easily diagnosed
using H&E stained tissue sections and can be successfully
treated with surgical excision. However, it is difficult to predict
the behavior of CGCG (either aggressive or non-aggressive)
through histologic features. Size, number of nuclei and
distribution of giant cells as well as giant cell nuclear DNA
content couldn’t be correlated with the biologic behavior of
CGCG [28]. In the current study, there was no difference in the
histologic features in terms of number or distribution of
multinucleated giant cells between aggressive and non-
aggressive CGCG.

The proliferative activity of any tissue or neoplasm can be
determined by its growth rate. The two most common markers
used to study cell proliferation are proliferating cell nuclear
antigen (PCNA) and Ki67 antigen [29]. Of these two markers
Ki67 has been shown to be excellent for the estimation of the
growth fraction in both normal and malignant human tissue
and this antibody is now used as the usual standard for the
assessment of cell proliferation than PCNA as it does not suffer
much from the influence of internal and external factors. Its
nuclear expression during a defined period of the cell cycle
represents an advantage in its use as a biological marker of

© Copyright iMedPub

mitotic activity [30]. Also it has a much shorter half-life, thus
producing less residual staining after cells have gone through
proliferative stage [31]. Its presence indicates the proliferative
stage of the cell rather than being just residual evidence of the
cell that has passed through the stage [32].

In the current study Ki67 expression was investigated in
order to assess the difference in the proliferative activity
between aggressive and non-aggressive CGCG as well as PGCG.
Ki67 was found to be expressed in all study cases; however
there was a significant difference in expression between
different variants. In aggressive CGCG, both giant cells and
mononuclear cells expressed a high level of Ki67 in comparison
with low expression observed in few giant cells of non-
aggressive CGCG reflecting the difference in behaviour of
these variants. It also indicates that both giant cells and
mononuclear stromal cells are both actively involved in the
proliferative activity of these lesions. Surprisingly, PGCG
showed a higher level of Ki67 expression than non-aggressive
CGCG.

Our results are in accordance with that of Souza et al. who
found that ki67 expression was higher in mononuclear cells of
PGCG compared to CGCG. However in contrast to our findings,
no nuclear ki67 immunoreactivity was detected in giant cells in
his study cases. So he suggested that mononuclear cells might

)



be responsible for the growth of these lesions [14]. Also
O’Malley et al. (1997) found that only mononuclear cells were
expressing Ki67 in CGCG with no significant difference
between aggressive and non-aggressive variant [8].

In the current study, PGCG showed higher Ki67 expression
than non-aggressive CGCG which is in accordance with results
found by Sahar et al. [17], who found that both giant cells as
well as mononuclear cells were expressing Ki67, but in their
study the difference in expression was not statistically
significant.

Our study indicates that both giant cells and mononuclear
cells might be involved in the proliferative activity of these
lesions. The difference in ki67 expression could be used to
differentiate aggressive from non-aggressive giant cell
granuloma.

Angiogenesis, or neovascularization, is the formation of new
blood vessels originating from the endothelium of existing
vasculature. Angiogenesis is critical to tumor growth,
neoplastic progression and metastasis [33]. There are several
immunohistochemical markers that can identify endothelial
cells. CD31 is found in large quantities on the surface of
endothelial cell. It plays a major role in a number of cellular
interactions, particularly in adhesion between endothelial cells
and polymorph nuclear leukocytes, monocytes, and
lymphocytes during inflammation, and between adjacent
endothelial cells during angiogenesis [34]. Previous studies
showed that the level of angiogenesis correlates with the
behavior of giant cell lesions and that it is higher in aggressive
giant cell granuloma [35]. In this study we used CD31 to
investigate angiogenesis in different lesion and whether it can
be correlated to the behavior of aggressive variants.

Our results showed that CD31 was expressed in endothelial
cells in both peripheral and central giant cell granuloma
indicating that both lesions are undergoing active formation of
new vessels needed for lesions growth. No significant
difference was found between aggressive and non-aggressive
variants of CGCG indicating that the level of angiogenesis is
not correlated with the behaviour in our studied cases.
However the CD31 expression in PGCG was significantly higher
than in CGCG.

CD31 is a multifunctional protein. As well as its role in
angiogenesis, it is vital to the regulation of inflammatory
responses, as it has been shown to serve a variety of pro-
inflammatory and anti-inflammatory functions [36]. The high
expression of CD31 in PGCG could be due to increased
inflammatory reaction.

Our results are in accordance with that of O’Malley et al.
who used CD34 expression as a marker of angiogenesis and
found that CD34 expression was similar in both aggressive and
non-aggressive CGCG [8]. Also, VK et al. found that CD34
expression was higher in PGCG than CGCG [15]. Both studies
indicate that vascularity is not correlated to lesions behaviour.
On the other hand, our results are different than that of
Peacock et al. which showed that CD31 expression was
significantly higher in aggressive CGCG than in non-aggressive
CGCG [35]. The current study suggests that CD31 as an
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angiogenesis markers cannot differentiate between aggressive
and non-aggressive CGCG.

The role/function of giant cells in these lesions is a matter of
a big debate; many believe that giant cells represent a reactive
component and that mononuclear cells are the proliferative
tumour cells responsible for the biologic activity of these
lesions [37-39]. The multinucleated giant cells are considered
to be formed from the fusion of monocyte/macrophage
precursors differentiated into osteoclasts. The mononuclear
cell component consists of a population of macrophage-like
cells, which appears to include a subset of osteoclasts
precursors, and a proliferating spindle-shaped stromal cell
population which has the capacity to differentiate along
fibroblast/osteoblast lines [12,40,41]. To investigate the
histogenic origin of these cells in both peripheral and central
giant cell granuloma and whether it differs according to
behaviour of the lesions we studied the CD68 expression.
CD68 is a monocyte-macrophage lineage marker which been
often used to investigate giant cells. Its expression suggests
macrophage/ histiocyte origin of cellular component of
lesions.

Our results showed CD68 positive reactivity of some
mononuclear cells and most of multinucleated giant cells in
both peripheral and central giant cell granuloma. This was in
accordance with Aragao et al. who found that CD68 expression
in many mononuclear cells and majority of multinucleated
giant cells [23]. Also, Meng et al. described CD68 positive
reaction in all multinucleated giant cells and some of
mononuclear cells [42]. Torabinia et al. as well found that,
most of giant cells and a group of mononuclear cells of stroma
expressing CD68 protein [43]. These studies and ours suggest
the existence of a histiocyte macrophage origin for giant cells
and some of the stromal cells. As mentioned above, the CD68
positive stromal cells could be osteoclasts precursors.

In the current study, no significant difference in CD68
expression between study groups was observed between
peripheral and central giant cell granuloma. This is similar to
the findings by [43] and [17] that show no significance
difference in CD68 expression between CGCG and PGCG. On
the other hand, VK et al. showed that CD68 protein expression
was significantly higher in CGCG when compared to PGCG
suggesting that higher frequency of cells of the macrophage
lineage in CGCG than PGCG [15]. Florez-Moreno et al. also
found that CD68 protein expression in multinucleated giant
cells was significantly higher in CGCG than PGCG [5]. It can be
concluded that, despite different behaviour between
peripheral and central giant cell granuloma, they share the
same origin. And probably the difference in expression noted
in some studies may be attributed to the size of the lesion and
the number of giant cells.

P53 protein is involved in the maintenance of cellular
integrity after DNA damage by blocking cell cycle progression.
Mutation in P53 might affect its function including loss of wild
type activity, a dominant negative effect or gain of oncogenic
potential [44]. P53 protein can induce cell apoptosis to prevent
the mutated DNA passage to the next generation in cases of
failed DNA repair. Due to loss of cell supervision of P3 protein
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after P53 gene mutation, cells are susceptible to entry of S
phase with injured DNA. Genetic instability is the source of
gene mutation and chromosomal aberration, leading to
malignant cell change and tumour formation [45]. So P53
status can indicate the genetic defects in different lesions and
consequently the aggressive behaviour.

In the present study P53 expression was evaluated in PGCG
and CGCG. The results showed that PGCG didn’t express P53 in
either multinucleated giant cells or mononuclear stromal cells
indicating the genetic integrity of this lesion which is reflected
on its behaviour. On the other hand, CGCG (aggressive and
non-aggressive) expressed high levels of P53. Interestingly,
Aggressive type expressed higher levels of P53. Also both
multinucleated and stromal cells expressed P53 in aggressive
type, however only multinucleated giant cells expressed P53 in
non-aggressive type. It can be concluded that aggressive
behaviour of CGCG can be attributed to the high level of P53
protein in stromal cells. As the stromal cells can differentiate
into giant cells, this could results in more osteoclastic activity,
destruction and rapid growth in aggressive lesions

Our results are in accordance with results of Kader, who
found that P53 was expressed in low levels in CGCG than giant
cell tumour of bone. One case of CGCG who showed high level
of P53 was aggressive in behavior [46]. On the other hand, de
Souza et al. and Souza et al. found no P53 expression in any of
their CGCG [13] and [14]. This can be attributed to the
different ethnic backgrounds of the cases under investigation
and consequently exposure to different etiological factors
which might influence susceptibility to gene mutation. These
finding suggested that high P53 expression can be used as a
marker for aggressive behavior of CGCG.

Conclusion

The current study suggested that high Ki67 and P53
expression in CGCG should raise the suspension of more
aggressive behaviour of these lesions. On the other hand CD31
and CD68 expression can’t be used to differentiate between
aggressive and non-aggressive lesions
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