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Increased expression of NFATc1 in giant cell lesions of the
jaws, cherubism and brown tumor of hyperparathyroidism
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Abstract. A variety of diseases of the jaws may present multi-
nucleated giant cells. These diseases include central giant cell
lesions (CGCL), peripheral giant cell lesions (PGCL), brown
tumor of hyperparathyroidism (BTH), and cherubism. The
multinucleated giant cells in these lesions are osteoclast-like.
Since NFATcl plays a significant role in osteoclast differen-
tiation, the present study aimed to compare the expression
of NFATcl in CGCL, PGCL, BTH and cherubism. A total
of 14 formalin-fixed and paraffin-embedded tissue samples
of CGCL (n=4), PGCL (n=5), BTH (n=3) and cherubism
(n=2) were included in the study. An immunohistochemical
analysis was performed to investigate the NFATcl protein.
The majority of giant cells in all of the cases were positive for
nuclear NFATcl and the immunostaining pattern was similar
in all of the groups. Although our study supports the hypoth-
esis that giant cell accumulation in PGCL, CGCL, BTH and
cherubism is mediated by NFATcl, functional studies are
required to investigate this hypothesis.

Introduction

Various conditions of the jaws may present multinucleated
giant cells. These include central giant cell lesions (CGCL),
peripheral giant cell lesions (PGCL), brown tumor of hyper-
parathyroidism (BTH), and cherubism. These lesions show
multinucleated osteoclast-like giant cells in a background of
oval to spindle-shaped mononuclear cells.

PGCL is a reactive lesion usually associated with local
irritating factors in gingiva (1). CGCL is an intra-osseous
lesion of unknown etiology that occurs mainly in the mandible
of patients ranging from 10 to 25 years (2). Cherubism is an
autosomal-dominant genetic disease that affects the jaws (3).
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The disease is characterized by bilateral expansion of the
maxilla and/or mandible, usually detected in early childhood,
and shows progressive growth until puberty (4). BTH is a non-
neoplastic lesion resulting from abnormal bone metabolism in
hyperparathyroidism and may be associated with the primary
or secondary types of the disease (5).

The gene mutated in cherubism has been mapped to
chromosome 4p16.3 (6). Missense mutations were observed in
the SH3BP2 gene mainly clustered in exon 9, which encodes
a proline-rich region of the protein (7,8). Recently, a somatic
mutation of this gene was described in a case of CGCL (9).

NFATcl plays a significant role in osteoclast differentia-
tion. This protein is considered to be the osteoclastogenesis
master transcription factor. NFATcl is located in cytoplasm
and is activated after RANKL signaling in osteoclast precursor
cells (10). Downstream stimulation by RANKL promotes
the formation of a complex containing a second messenger,
SH3BP2, which results in the upregulation of intracellular
calcium (11). Increased levels of calcium promote the
displacement of NFATc1 to the nucleus where it binds to its
own promoter. This binding leads to the autoamplification
of NFATcl and activation of osteoclasteogenesis-specific
genes. In lesions with the SH3BP2 mutant, as in the case of
cherubism, upregulation of the calcium promotes a constant
displacement of NFATcl to the nucleus and a subsequent
increased osteoclast differentiation (12).

Recently an increased transcription of the NFATcl in was
found in giant cell lesions (13). The present study aimed to
compare the expression of NFATcl in CGCL, PGCL, BTH
and cherubism.

Materials and methods

A total of 14 formalin-fixed and paraffin-embedded tissue
samples of PGCL (n=5), CGCL (n=4), BTH (n=3) and
cherubism (n=2) were included in the present study. Table I
shows the age, gender and tumor location in each group.

The immunohistochemistry protocols used are described
elsewhere (13). Briefly, paraffin-embedded tissue sections
were incubated with NFATcl antiserum (diluted 1:50,
Clone 7A6, SantaCruz Biotechnology Inc., Santa Cruz, CA,
USA). The immunohistochemical staining was performed
using a highly sensitive polymer-based system (EnVision,
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Table I. Clinical data and nuclear immunohistochemical expression of NFATc1.

Lesion Age Gender Location % positive giant cells % positive mononuclear cells
CGCL
1 19 M Mand. 100.0 8.1
2 16 F Mand. 93.8 4.7
3 15 F Max. 96.3 16.7
4 12 F Max. 91.0 9.0
PGCL
1 7 F Mand. 93.0 24
2 11 M Max. 98.2 8.9
3 37 F Mand. 100.0 7.5
4 16 M Mand. 94.6 54
5 22 M Max. 78.0 33
BTH
1 43 F Mand. 95.5 8
2 39 M Mand. 90.8 6.9
3 53 F Max. 99.2 15.3
Cherubism
1 15 M Mand. 87.3 4.1
2 16 M Mand. 930 8.9

CGCL, central giant cell lesion; PGCL, peripheral giant cell lesion; BTH, brown tumor of hyperparathyroidism; M, male;

F, female; Mand., mandible and Max., maxilla.

Figure 1. Immunohistochemical expression of NFATcl in (A) central giant cell lesion, (B) peripheral giant cell lesion, (C) brown tumor of hyperparathy-

roidism and (D) cherubism (original magnification, x400).

Dako Corporation, Carpinteria, CA, USA) with the diami-
nobenzidine substrate solution as chromogen (Sigma,
St. Louis, MO, USA). The sections were counterstained with
hematoxylin.

Only sections containing sufficient tumor cells used
to assess the antibody reactivity were included in the

investigation. Two experienced pathologists made an inde-
pendent analysis of each case, regardless of staining intensity.
Six high-power fields (magnification, x400) were examined
and the percentage of mononuclear and multinucleated posi-
tively stained cells was obtained for each case. Only nuclear
immunoexpression was evaluated.



Results

The imunohistochemical profile of NFATcl in giant cell
lesions, BTH and cherubism are shown in Table I. It was found
that most of the giant cells in all of the cases were positive
for nuclear NFATcl. Less than 17% of the mononuclear ovoid
and spindle-shaped cells were immunopositive for this protein.
Fig. 1 shows the immunostaining pattern of NFATcl in each
lesion group. The immunostaining pattern was similar in all
lesions.

Discussion

Increased levels of NFATcl in bone marrow cells play an
important role in osteoclastogenesis. Previous studies showed
that the giant cells found in PGCL, CGCL and cherubism
exhibit osteoclast-like characteristics (14). NFATcl is a
cytoplasmic protein activated by calcineurin, Ca*/calmodulin-
dependent protein phosphatase. This activation increases the
levels of calcium, leading to NFATcl translocation to the
nucleus where it binds to its own promoter. After RANKL
signaling, a complex containing a SH3BP2 second messenger
is involved in a calcineurin cascade that activates NFATcl,
increasing osteoclastogenesis and giant cell formation (11).
SH3BP?2 is mutated in cherubism, and it was further demon-
strated that this gene is also mutated in CGCL (9).

Results of our previous study showed an increased tran-
scription of NFATc] together with the positive immunostaining
of this protein mainly in the nucleus of the multinucleated
giant cell lesions of the jaws (13). In the present study, the
immunoexpression of NFATcl was compared in different
lesions containing multinucleated giant cells. Most of the giant
cells in all of the lesions exhibited NFATcl-positive nuclear
staining. This finding supports the hypothesis that giant cell
accumulation in PGCL, CGCL, BTH and cherubism is medi-
ated by NFATcl. However, studies are required to examine
whether NFATc]l modulation is an alternative molecular tool
in the prevention or regulation of the growth of these lesions.

Apart from the important role in osteoclastogenesis, NFAT
is crucial for thymocyte survival (15). This protein forms a
complex with the protein AP-1 to bind in specific DNA sites.
Loss of NFAT:AP-1 complex activity in the nucleus promotes
apoptosis of these cells (16). Glucocorticoids impair this
complex formation and induce apoptosis of the immature
thymocytes (17). Corticosteroids have been used successfully
in the treatment of certain cases of giant cell lesions of the
jaws (18-20). A previous study showed that glucocorticoids
inhibit osteoclast precursor proliferation (21). Findings of
this study showed that glucocorticoids disrupt osteoclasts
in the cytoskeleton and consequently affect the function of
these cells, decreasing bone resorption. Further studies are
required to demonstrate whether multinucleated giant cell
formation is inhibited by corticosteroids via modulation of
the NFAT pathway.
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