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ABSTRACT

Statement of the Problem: Central giant cell granuloma of the jaws is comprised of
two types namely aggressive and nonaggressive. Controversy exists regarding the
histogenesis of this lesion. Up to now, there are no reliable histologic or molecular
methods to differentiate aggressive from nonaggressive central giant cell granuloma
of the jaw. Moreover, because of different treatment of two groups, correct diagnosis
is needed.

Purpose: The purpose of this study was to evaluate and compare the expression of
cyclin D1 between aggressive and nonaggressive central giant cell granulomas of the
jaws.

Materials and Method: This retrospective study was performed on 16 paraffin
blocks of aggressive central giant cell granuloma, and 16 nonaggressive central giant
cell granulomas from Shahid Beheshti Oral Pathology Department and evaluated the
expression of cyclin D1 on giant cells and mononuclear cells of the lesions. T-test
was used for quantitative evaluation and comparison of cyclin D1 expression be-
tween two groups.

Results: Overexpression of cyclin D1 in giant cells and mononuclear cells of the
lesions of both groups was apparent, but no significant statistical difference was seen.
Cyclin D1 positivity was seen predominantly in the nuclei of giant cells. When a
giant cell was positive, all the nuclei showed immunoreactivity. In each group mean
percentage of the positive giant cells were higher than positive mononuclear cells and
significant statistical difference (p=0.000) was seen between them.

Conclusion: Probably overexpression of cyclin D1 implicates in the pathogenesis of
the central giant cell granulomas but it seems that this protein could not be used as a
marker for identifying the clinical behavior of these lesions.
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Introduction

To date, controversies exist regarding the histo-

The term giant cell lesion (GCL) describes a group of
intraosseous nonodontogenic benign lesions containing
multinucleated giant cells (GCs). This category of the
lesions comprises several entities in the jaws, including
brown tumor of hyperparathyroidism, cherubism and
the central giant cell granuloma (CGCQG). [1]
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genesis of CGCGs of the jaws. Some researchers be-
lieve that this lesion represents a reactive lesion and
because of the locally aggressive behavior of some le-
sions, the others accept it as a benign neoplasm. [2-3]
Most CGCGs of the jaws occur in females before
age 30. Approximately 70% of cases arise in the mandi-
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ble. [2] Based on clinical and radiographic features,
CGCGs can be categorized as aggressive or nonaggres-
sive. [4] The aggressive type has three of five criteria
defined as rapid growth, cortical bone thinning, or per-
foration, root resorption, and tooth displacement. Addi-
tionally, a CGCG greater than 5 cm or the lesions with
greater recurrence potential after enucleation and curet-
tage is classified as aggressive. The nonaggressive le-
sion, which comprises most cases of CGCGs, is often
asymptomatic, grows slowly, and has a lower rate of
recurrence. [4] Thus far, there are no reliable histologic
or molecular methods to distinguish the two types from
each other. [3-4]

Microscopically, these lesions are characterized
by the presence of numerous multinucleated giant cells
in a fibrocellular stroma of ovoid to spindle-shaped
mononuclear cells (MCs). Foci of hemorrhage with
hemosiderin pigment and newly formed osteoid or bone
are occasionally observed. [5]

Previous studies have demonstrated the expression
of the cell cycle protein Ki-67 in the mononuclear cells
of CGCGs, which shows the proliferative activity in
these cells. [6-7] This increases the possibility that de-
regulation of the cell cycle may play a role in pathogen-
esis of CGCGs.

The cell cycle comprises an ordered series of
events that control defined cell cycle stage checkpoints
and ultimate cell division. These events are regulated by
the expression and degradation, activation and inactiva-
tion, and subcellular localization of cyclins and cyclin-
dependent kinases (CDKSs). [8-10] More than 15 cyclins
have been identified, cyclins D, E, A, and B which ap-
pear sequentially during the cell cycle and bind to one
or more CDK. [11] Genes encoding D-type cyclins (D1,
D2, and D3) are induced by mitogenic stimuli. [12] In
mammalian cells, CDK4 and CDK®6 associate with D-
type cyclins and regulate G1 cell cycle phase progres-
sion. [8-10, 13-14]

Cyclin D1 is a member of cyclin protein family
which is encoded by CCND1 (Cyclin D1 gene) gene on
chromosome 11 and regulates the G1/S phase. CDK
binds to cyclins and acquires catalytic activity. Activat-
ed CDKs in these complexes drive the cell cycle by
phosphorylating proteins that are critical for cell cycle
transitions. One such protein is the retinoblastoma sus-
ceptibility (RB) protein, which normally prevents cells

from replicating by forming a tight, inactive complex
with the transcription factor E2F. Phosphorylation of
RB causes its release, which activates E2F and allows it
to stimulate transcription of genes whose products drive
cells through the cycle. [11]

Because D-type cyclins provide the link between
mitogenic signals and activation of the cell cycle [12,
15] and because of their regulatory function in the G1-
to-S transition, [16] constitutive activation of the D-
cyclin pathway can overcome or reduce specific mito-
gen requirements for cell proliferation [17] and thereby
contribute to oncogenic transformation. [18-20] There-
fore, the purpose of this study was to evaluate and com-
pare the expression of cyclin D1 between aggressive
and nonaggressive CGCGs of the jaws to define wheth-
er the neoplastic nature of the aggressive lesions.

Materials and Method

Case selection and demographic data of the cases

This retrospective study examined the records and tissue
(paraffin blocks) from patients with histopathologic
diagnosis of CGCG of the jaws at the Department of
Oral and Maxillofacial pathology, Dental School of
Shahid Beheshti University of medical sciences, Tehran,
from 2000 to 2013. First, according to the clinical, radi-
ographic, and histopathologic records, GCLs of patients
with  brown tumor of hyperparathyroidism and
cherubism were separated from the CGCG. Then, all
cases with incomplete or unavailable clinical/ radio-
graphic data and inadequate tissue for sectioning and
staining were excluded. All slides were reviewed by an
oral and maxillofacial pathologist to confirm the diag-
nosis.

Clinical data collected included gender and age of
the patient, location of the lesion, presence, or absence
of pain, cortical expansion, thinning or perforation, root
resorption, tooth mobility or displacement, size of the
lesion and recurrence. Along with the classification sys-
tem formalized by Chuong and Kaban, [4] CGCGs were
divided into two groups defined as aggressive and non-
aggressive. Ultimately, 16 aggressive CGCG and 16
nonaggressive CGCG were studied.

Immunohistochemistry

Sections with 4pum thickness were cut from the paraffin-
embedded blocks and mounted on adherent glass slides.
Then deparaffinized in xylene and rehydrated in graded
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Table 1: Demographic data of the study cases

Lesion N Gender : Age __ : Locatign :
Male Female Min Max Meanage Std.Deviation Maxilla Mandible Bimax
Aggressive CGCG 16 7(438%) 9(563%) 5 35 20.93 8.08 5(31.3%) 10(62.5%) 1(6.3%)
non-aggressive CGCG 16 6(37.5%) 10(62.5%) 5 71 26.18 16.97 8(50%)  8(50%) 0(.0%)
Total 32 13(40.6%) 19(59.4%) 13(40.6%) 18(56.2%) 1(3.1%)
ethanol. Endogenous peroxidase activity was blocked of less than 0.05 was considered significant.
by using 0.5% hydrogen peroxide for 5 minutes, fol-
lowed by two washes in phosphate-buffered saline solu- Results
tion (PBS) for 5 minutes each. Slides were immersed in Considering the inclusion and exclusion criteria men-
deionized water and then rinsed in PBS. Before staining tioned above, thirty-two cases of central giant cell gran-
with cyclin D1, antigen retrieval techniques were used. uloma were retrieved consisting of 16 aggressive and 16
Sections were then incubated with duration and temper- nonaggressive CGCGs.
ature specified for the marker with the primary anti- Table 1 shows the age and gender of patients and
body: cyclin D1 protein-prediluted (Monoclonal mouse location of the lesions in the two groups. The average
Anti-Human anti-cyclin D1, Clone: DCS-6, Code No: age of patients in aggressive and nonaggressive CGCG
M 7155, Denmark, Dako). This was followed by two group were 20.93+8.08 and 26.18+16.97 (meantSD),
washes in PBS, incubation with a secondary antibody respectively. In both groups, female predilection was
(Envision Plus; Dako) and 2 PBS rinses. For visualiza- seen. The mandible was the most common site of in-
tion of immunoreactivity, DAB (3,3’-diaminobenzidine) volvement in aggressive group. In nonaggressive group,
was used. Then the sections were counterstained with frequency of lesions between two jaws was equal. The
hematoxylin and coverslipped. percentage and score of GCs and MCs showing im-
Sections of tonsillar tissue served as positive con- munopositivity for cyclin D1 are summarized in Table
trol to verify binding of antibodies to cyclin D1 and as 2.
negative control, slides were stained with omission of In the present study, overexpression of cyclin D1
the primary antibody. was seen in all cases (32/32). Cyclin D1 positivity was
Immunostained sections were assessed and seen predominantly in the nuclei of giant cells which
quantified by two investigators blinded to the clinical had score 3+ in both groups. In aggressive CGCGs posi-
data for each case. Immunohistochemical reactivity of tivity of mononuclear cells of 50% of cases were in
the multinucleated GCs and stromal mononuclear cells score 2+ and 50% in score 3+, while in nonaggressive
for cyclin D1 were scored on a scale from 1+ to 3+ in CGCGs 68.8% were in score 2+ and 31.25% in score
ten random selected fields at 400X magnification. Cases 3+. When a giant cell was positive, all the nuclei
with 0-5% positive cells were scored 1+, 6-50% positive showed immunoreactivity.
cells were scored 2+, and more than 50% were scored Figure 1a and b demonstrates Cyclin D1 protein
3+. Immunopositivity in more than 5% of cells was expression in aggressive and non-aggressive CGCGs,
considered indicative of overexpression. [21-22] respectively. In both cases, the expression is seen pre-
Statistical analysis dominantly in the nuclei of giant cells than mononuclear
Student’s t-test was used to compare the expression of cells.
cyclin D1 between two groups. Statistical analyses were In both groups mean percentage of the positive
performed using SPSS version 20 software. The p value GCs were higher than positive MCs (Table 3). Signific-
Table 2: Immunohistochemical Staining Data for Cyclin D1
Lesion Cell Type — Extent of2 meunopositivity for Cycli2+D1
2 o e B
Non-sggressive CGCG Ve o0 11(esw 5 (612%)
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Figure 1a: Cyclin D1 protein expression in aggressive CGCG, (400X

y p
¥ < AR,

), the expression is seen predominantly in the nuclei of giant cells

than mononuclear cells b: Cyclin D1 expression in hon-aggressive CGCG (X400). The expression is seen predominantly in the nuclei of

giant cells than mononuclear cells

ant statistical difference (p= 0.000) exists between per-
centage of GCs and MCs in each group. Comparison of
the extent of immunoexpression of cyclin D1 between
GCs of two groups (p= 0.656) and MCs of two groups
(p= 0.601) was performed using Student’s t-test in
which no significant statistical difference was seen. Dis-
tribution of the giant cells (diffuse or focal) throughout
the lesion, as well as size and number of the nuclei of
the giant cells had no effect on the pattern of the expres-
sion of this protein.

Discussion

In this report, all cases (32/32) demonstrated the over-
expression of cyclin D1. The results of this study are in
agreement with most of the previous studies. [21-24]

In the recent study, the mean percentage of ex-
pression of cyclin D1 in GCs of both groups was greater
than MCs. When a giant cell was positive, all the nuclei
showed immunoreactivity. This is in line with the re-
sults of Matsubayashi et al., Kandel et al., and Kauz-
mans et al. studies. [21-24]

According to the results of different studies, [21-
24] it seems that cyclin D1 might play a role in the pro-
duction of giant cells in these lesions.

In Kauzman et al. [22] study, cyclin D1 protein
overexpression was present in 28 of 29 cases, and like
our study, the GCs had higher expression. They also
evaluated this protein on the granulomatous lesions and
interestingly found that all the nuclei of GCs were nega-

Table 3: Mean percentage of Cyclin D1 immunoreactivity

tive for cyclin D1. Therefore, they suggested that the
mechanism(s) regulating the formation of GCs in reac-
tive lesions may differ from those in CGCGs and this
issue supports the neoplastic theory for CGCGs. In con-
trast to cyclin D1, evaluation of other cell cycle proteins
such as cyclin B1 (showing transition from the G2 to the
M phase of the cell cycle) and Ki-67 (which is ex-
pressed in all phases of the cell cycle but not in quies-
cent cells) demonstrated that only mononuclear cells
were positive. Moreover, giant cells were negative for
these markers indicating that giant cells were not prolif-
erative cells and the expression of cyclin D1 in these
cells do not contribute to the proliferative activity .1t is
involved in the formation and pathogenesis of giant
cells. [22] Similar results about the expression of cyclin
D1 in giant cell tumors of the bone [21] are also ob-
tained which verifies that CGCG is a tumor.

De Souza et al. [25] also investigated the prolifer-
ative markers MDM2 and p53 and found MDM2 posi-
tive only in mononuclear cells and p53 was negative in
both cells (GCs and MCs). As stated by other research-
ers, [5, 7, 22] the expression of Ki-67 and PCNA in
mononuclear cells demonstrates that these cells are pro-
liferative cells in CGCLs. In our study, the expression of
cyclin D1 in two groups showed no significant differ-
ence. Moreover, O'Malley et al. [6] on evaluation of
markers of cell cycle such as p53 and Ki-67 (which are
involved in proliferation of cells), found no correlation
with aggressiveness of the lesions. In their study, p53

Lesion N Minimum Maximum Mean Std. Deviation
. CyclinD1.GC.percent 16 60.80 100 96.61 10.04
NRJEEIREEEE CyclinDL.MC.percent 16 8.30 94.10 51.93 34,03
. CyclinD1.GC.percent 16 76.60 100 96.39 7.43
Non-aggressive CGCG o0rinn1 MC.percent 16 10 99.10 41.27 32.89
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was rarely expressed and giant cells were negative for
p53. The extent of Ki-67 immunoexpression was 5.1%
and 5.6% in aggressive and nonaggressive lesions re-
spectively. [6]

Kruse-Losler et al. [26] found no correlation with
aggressiveness and expression of p53 and Ki-67.

In previous studies, [21-22] it has been seen that
although overexpression of cyclin D1 occurs in GCs,
but they are not proliferating cells. This issue is some-
what unexpected because cyclin D1 is involved in the
initiation of cell cycle.

According to Kandel et al.’s study, [23] there is
accumulating evidence showing that cyclin D1 can have
dual functions in cell cycle regulation. [23]It has been
shown that elevated levels of cyclin D1 can inhibit pro-
liferation by binding to PCNA. Elevated level of p21 is
also contributed to the decrease in proliferation of giant
cells. [23]Interestingly, p21 has been implicated in oste-
oclast differentiation therefore; it is possible that the
increased p21 plays a role in regulating differentiation
towards multinucleated giant cells in giant cell tumors.
[23]

Although Nogueria et al. [28] found no statistical-
ly significant difference in CCND1 gene amplification
between aggressive and nonaggressive CGCGs, ampli-
fication of this gene could indicate that CGCL may be
true neoplastic in nature. Therefore, these lesions do not
support the concept of either reactive or neoplastic pro-
cess; instead, CGCLs exhibit features of both. [27] It
seems that CGCLs may develop in two different ways,
one being a reactive process and other appears to be a
true benign neoplasm, and that CCND1 amplification
may contribute to the tumorigenesis of CGCLs. [28]

In the present study, overexpression of cyclin D1
was seen in all cases in both GCs and MCs; however,
the expression was higher in GCs than MCs, which is
consistent with the results of other studies. [21-22]

In Kauzman et al. study, [21] overexpression of
cyclin D1 and cyclin D3 in GCs of giant cell tumor was
not accompanied by Ki-67 or cyclin B1 expression.
Two possible theories may explain the aberrant expres-
sion of cyclins D1 and D3 in the giant cells of giant cell
tumor. First, it may show a dysregulation of cell cycle,
because of an arrest in G1/S transition, which inhibits
the cells from entering the M phase (as evidenced by the
absence of cyclin B1 expression). However, if this is the
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mechanism, it is not evident why there is no Ki-67 ex-
pression detected in the giant cells, as this protein is
expressed in all cycling cells. Another theory is that
cyclin D1 may play a role in giant cell formation. The
observation that the percentage of giant cells showing
cyclin D1 immunopositivity varies within the tumors
does not rule this out because this might be due to dif-
ferences in the length of formalin fixation of the tissue,
in tumor sampling, or in the stage of giant cell matura-
tion. Cyclin D1 protein overexpression has been shown
to be associated with giant cell formation, multinuclea-
tion, and increased ploidy in different cell models. [21]

Conclusion

Probably overexpression of cyclin D1 implicates in the
pathogenesis of the CGCGs but because of no signifi-
cant difference in expression of cyclin D1 between two
groups, it seems that this protein could not be used as a
marker for identifying the clinical behavior of these
lesions. Therefore, additional studies are required to
confirm the role of cyclin D1 and other cell cycle pro-
teins in the pathogenesis of these lesions and to differen-
tiate between aggressive and nonaggressive lesions.

Acknowledgments

The authors would like to thank Oral Pathology De-
partment of Shahid Beheshti University of Medical Sci-
ences and Office of Research of Shahid Beheshti Uni-
versity of Medical Sciences for funding and supporting
the study.

Conflict of Interest
The authors declare that they have no conflict of inter-
est.

References

[1] Austin IT JR, Dahlin DC, Royer RQ. Giant-cell repara-
tive granuloma and related conditions affecting the jaw-
bones. Oral Surg Oral Med Oral Pathol. 1959; 12:
1285-1295.

[2] Neville B, Damm D, Allen C, Chi A. Oral and Maxillo-
facial Pathology. 4th ed. St. Louis: Elsevier; 2016. p.
584-586.

[3] Lim L, Gibbins JR. Immunohisto-chemical and ultra-
structural evidence of a modified microvasculature in

the giant cell granuloma of the jaws. Oral Surg Oral



Evaluation of Cyclin D1 Expression in Aggressive

Atarbashi Moghadam S. and Ghorbanpour M.

Med Oral Pathol Oral Radiol Endod. 1995; 79: 190-
198.

[4] Chuong R, Kaban LB, Kozakewich H, Perez-Atayde A.
Central giant cell lesions of the jaws: a clinicopatholog-
ic study. J Oral Maxillofac Surg. 1986; 44: 708-713.

[5] Liu B, Yu SF, Li TJ. Multinucleated giant cells in vari-
ous forms of giant cell containing lesions of the
jawsexpress features of osteoclasts. J Oral Pathol Med.
2003; 32: 367-375.

[6] O'Malley M, Pogrel MA, Stewart JC, Silva RG, Regezi
JA. Central giant cell granulomas of the jaws: pheno-
type and proliferation-associatedmarkers. J Oral Pathol
Med. 1997; 26: 159-163.

[7] Souza PE, Mesquita RA, Gomez RS. Evaluation of p53,
PCNA, Ki-67, MDM2 and AgNOR in oral peripheral
and central giant cell lesions. Oral Dis. 2000; 6: 35-39.

[8] Morgan DO. Principles of CDK regulation. Nature.
1995; 374(6518): 131-134.

[9] Johnson DG, Walker CL. Cyclins and cell cycle check-
points. Annu Rev Pharmacol Toxicol. 1999; 39: 295-
312.

[10] Nurse P. A long twentieth century of the cell cycle and
beyond. Cell. 2000; 100: 71-78.

[11] Robbins and Cotran. Pathologic basis of Disease. 9th
ed. Elsevier: Saunders Company; 2015. p. 25.

[12] Sherr CJ, Roberts JM. CDK inhibitors: positive and
negative regulators of Gl-phase progression. Genes
Dev. 1999; 13: 1501-1512.

[13] Sherr CJ. Mammalian G1 cyclins. Cell. 1993; 73: 1059-
1065.

[14] Hunter T, Pines J. Cyclins and cancer. 1I: Cyclin D and
CDK inhibitors come of age. Cell. 1994; 79: 573-782.

[15] Ekholm SV, Reed SI. Regula-tion of G(1) cyclin-
dependent kinases in the mammalian cell cycle. Curr
Opin Cell Biol. 2000; 12: 676-684.

[16] Lukas J, Muller H, Bartkova J, Spitkovsky D, Kjerulff
AA, Jansen-Diirr P, et al. DNA tumor virus oncopro-
teins and retinoblastoma gene mutations share the abil-
ity to relieve the cell's requirement for cyclin D1 func-
tion in G1. J Cell Biol. 1994; 125: 625-638.

[17] Resnitzky D, Gossen M, Bujard H, Reed SI. Accelera-
tion of the G1/S phase transition by expression of cy-
clins D1 and E with an inducible system. Mol Cell Biol.
1994; 14: 1669-1679.

[18] Liu SC, Klein-Szanto AJ. Markers of proliferation in
normal and leukoplakic oral epithelia. Oral Oncol.
2000; 36: 145-151.

[19] Bartek J, Bartkova J, Lukas J. The retinoblastoma pro-
tein pathway in cell cycle control and cancer. Exp Cell
Res. 1997, 237: 1-6.

[20] Lukas J, Aagaard L, Strauss M, Bartek J. Oncogenic
aberrations of p16INK4/CDKNZ2 and cyclin D1 cooper-
ate to deregulate Glcontrol. Cancer Res. 1995; 55:
4818-4823.

[21] Kauzman A, Li SQ, Bradley G, Bell RS, Wunder JS,
Kandel R. Cyclin alterations in giant cell tumor of bone.
Mod Pathol. 2003; 16: 210-218.

[22] Kauzman A, Li SQ, Bradley G, Bell RS, Wunder JS,
Kandel R. Central giant cell granuloma of the jaws: as-
sessment of cell cycle proteins. J Oral Pathol Med.
2004; 33: 170-176.

[23] Kandel R, Li SQ, Bell R, Wunder J, Ferguson P,
Kauzman A, et al. Cyclin D1 and p21 is elevated in the
giant cells of giant cell tumors. J Orthop Res. 2006; 24:
428-437.

[24] Matsubayashi S, Nakashima M, Kumagai K, Egashira
M, Naruke Y, Kondo H, et al. Immunohistochemical
analyses of beta-catenin and cyclin D1 expression in gi-
ant cell tumor of bone (GCTB): a possible role of Wnt
pathway in GCTB tumorigenesis. Pathol Res Pract.
2009; 205: 626-633.

[25] de Souza PE, Paim JF, Carvalhais JN, Gomez RS. Im-
munohistochemical expression of p53, MDM2, Ki-67
and PCNA in central giant cell granuloma and giant cell
tumor. J Oral Pathol Med. 1999; 28: 54-58.

[26] Kruse-Losler B, Diallo R, Gaertner C, Mischke KL,
Joos U, Kleinheinz J. Central giant cell granuloma of
the jaws: a clinical, radiologic, and histopathologicstudy
of 26 cases. Oral Surg Oral Med Oral Pathol Oral Radi-
ol Endod. 2006; 101: 346-354.

[27] Regezi JA. Comments on the pathogenesis and medical
treatment of central giant cell granulomas. J Oral Max-
illofac Surg. 2004; 62: 116-118.

[28] Nogueira RL, Faria MH, Osterne RL, Cavalcante RB,
Ribeiro RA, Nonaka CF, et al. Central giant cell lesion
of the jaws: study of CCND1 gene amplification and
pl6INK4aprotein levels. J Mol Histol. 2013; 44: 527-
534.

258



