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Ossifying fibroma and fibrous dysplasia of the jaw are maxillofacial fibro-osseous lesions that should be
distinguished each other by a pathologist because they show distinct patterns of disease progression.
However, both lesions often show similar histological and radiological features, making distinction between the
two a diagnostic dilemma. In this study, we performed immunological and molecular analyses of five ossifying
fibromas, four cases of extragnathic fibrous dysplasia, and five cases of gnathic fibrous dysplasia with typical
histological and radiographic features. First, we examined the difference between fibrous dysplasia and
ossifying fibroma in the expression of Runx2 (which determined osteogenic differentiation from mesenchymal
stem cells) and other osteogenic markers. Fibroblastic cells in fibrous dysplasia and ossifying fibroma showed
strong Runx2 expression in the nucleus. The bone matrices of both lesions showed similar expression patterns
for all markers tested except for osteocalcin. Immunoreactivity for osteocalcin was strong throughout calcified
regions in fibrous dysplasia, but weak in ossifying fibroma lesions. Second, we performed PCR analysis with
peptide nucleic acid (PNA) for mutations at the Arg201 codon of the alpha subunit of the stimulatory G protein
gene (GNAS), which has reported to be a marker for extragnathic fibrous dysplasia. All nine cases of
extragnathic or gnathic fibrous dysplasia were positive for this mutation. On the other hand, none of the five
cases of ossifying fibroma showed the mutation. These findings indicate that although fibrous dysplasia and
ossifying fibroma are similar disease entities, especially in the demonstration of the osteogenic lineage in
stromal fibroblast-like cells, they show distinct differences that can be revealed by immunohistochemical
detection of osteocalcin expression. Furthermore, PCR analysis with PNA for GNAS mutations at the Arg201

codon is a useful method to differentiate between fibrous dysplasia and ossifying fibroma.
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Maxillofacial fibro-osseous lesions comprise a group
of face and jaw disorders characterized by the
replacement of bone by a benign connective-tissue

matrix with varying amounts of mineralized sub-
stances. Ossifying fibroma and fibrous dysplasia are
the most common fibro-osseous lesions, which
may be associated with significant cosmetic and
functional disturbances; as they show distinct
patterns of disease progression, it is important to
distinguish between the two. Because of its risk for
recurrence, ossifying fibroma needs to be completely
enucleated from the surrounding bone.1–3 In con-
trast, patients with fibrous dysplasia should be
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treated according to their clinical presentation.
Monostotic fibrous dysplasia growth usually tends
to stabilize when skeletal maturity is attained;
therefore, surgical intervention in children and
adolescents should be delayed as long as possi-
ble.1–4 For patients with symptomatic fibrous dys-
plasia, bisphosphonate therapy is utilized.5,6 Typical
cases of ossifying fibroma and fibrous dysplasia of
face and jaw are distinguished by radiological and
histological appearances. However, these lesions
often present a diagnostic dilemma because of
uncertainties concerning the diagnostic significance
of specific radiological and histological features;
therefore, accurate diagnosis of these lesions can be
difficult.1–3

Histologically, stromal fibroblasts produce bony
matrix without morphologic evidence of osteoblas-
tic cells at the periphery of the bony spicules in
fibrous dysplasia.4 Ultrastructural and biochemical
studies have suggested that the fibroblastic compo-
nent of fibrous dysplasia is related to the osteogenic
lineage;7,8 however, precise molecular biological
evidence for this has not yet been presented.
Recently, it was demonstrated that osteogenic
differentiation from mesenchymal stem cells is
controlled by the transcriptional factor Runx2.9,10

Therefore, differences in the expression of Runx2
and other osteogenic markers might permit the
histological distinction between the fibrous dyspla-
sia and ossifying fibroma.

An activating point mutation of the alpha subunit
of the stimulatory G protein gene (GNAS) at the
Arg201 codon was identified in lesional tissues of
patients with McCune–Albright syndrome.11 Subse-
quently, GNAS mutations were observed in extra-
gnathic fibrous dysplasias without McCune–
Albright syndrome,12–15 recognizing it as a marker
of fibrous dysplasia. However, the presence or
absence of GNAS mutations in gnathic fibrous
dysplasias has not been examined.

In the present study, we analyzed the expression
of osteogenic markers and GNAS mutations in cases
of gnathic fibrous dysplasia and ossifying fibroma
with typical radiological and histological features,
in order to identify important markers that permit
differentiation between these two disease entities.

Materials and methods

Experimental Subjects

Nine specimens of fibrous dysplasia, five of ossify-
ing fibroma, two of osteofibrous dysplasia and three
of normal bones were decalcified in EDTA solution,
fixed in formalin, and embedded in paraffin. Tissue
samples used in this study were obtained in
compliance with the guidelines of the Joint Com-
mission on Clinical Investigation of Osaka Univer-
sity Graduate School of Dentistry and Medicine. The
nine fibrous dysplasias comprised five monostotic
gnathic cases, and three-monostotic and one-poly-
ostotic extragnathic cases. All five cases of ossifying
fibroma were derived from the gnathic area. These
lesions were all diagnosed as typical cases based on
the clinical, radiological and histological criteria.
The clinical data associated with these cases are
summarized briefly in Table 1. Histological sections
of these samples cut at 5mm were stained with
hematoxylin and eosin and subjected to immuno-
peroxidase procedures.

Immunohistochemistry

Immunohistochemical staining was performed by
the streptavidin–biotin complex (sABC) peroxidase
method with the anti-mouse or anti-rabbit sABC
system from Dako (Glostrup, Denmark). The primary
antibodies used in the present study were as
follows: mouse anti-Runx2 monoclonal antibody
(MBL Co, Ltd, Nagoya, Japan),16 rabbit anti-dentin

Table 1 Clinical data of the patients and results of GNAS mutational analysis

Patient Age/sex Diagnosis Site GNAS mutation

1 37/F Monostotic fibrous dysplasia Femur R201 H
2 38/F Monostotic fibrous dysplasia Femur R201 H
3 25/F Polyostotic fibrous dysplasia Femur R201 C
4 31/F Monostotic fibrous dysplasia Femur R201 C
5 69/F Monostotic fibrous dysplasia Maxilla R201 H
6 55/M Monostotic fibrous dysplasia Maxilla R201 H
7 15/F Monostotic fibrous dysplasia Maxilla R201 C
8 11/F Monostotic fibrous dysplasia Mandible R201 C
9 18/F Monostotic fibrous dysplasia Maxilla R201 C
10 49/M Ossifying fibroma Mandible None
11 14/M Ossifying fibroma Maxilla None
12 13/M Ossifying fibroma Maxilla None
13 31/F Ossifying fibroma Maxilla None
14 24/F Ossifying fibroma Mandible None

R201 H, Arg to His; R201C, Arg to Cys; None, no mutation.
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matrix protein 1 (DMP1) polyclonal antibody,17

mouse anti-bovine osteocalcin monoclonal antibody
(clone; OC4-3) (TaKaRa Biomedicals, Shiga, Japan),
and rabbit anti-mouse osteopontin polyclonal anti-
body (IBL Co, Ltd, Gunma, Japan). Antigen retrieval
was performed by trypsin digestion for the immu-
nostaining of osteocalcin and DMP1, and heating
with citrate buffer for the immunostaining of Runx2
and osteopontin. Sections were lightly counter-
stained with methyl green. As negative controls,
mouse or rabbit IgG sera (Dako) were used as
primary antibodies, giving uniformly negative
results.

Polymerase Chain Reaction-Restriction Fragment
Length Polymorphism (PCR-RFLP)

Genomic DNA was extracted from paraffin-em-
bedded tissue blocks using DNeasy Tissue Kit
(QIAGEN, Tokyo, Japan). Fifty nanograms of
genomic DNA was used for PCR amplification with
Pfu UltraTM Hotstart High-Fidelity DNA polymerase
(Stratagene, La Jolla, CA, USA) and primers P1
(50-CCATTGACCTCAATTTTGTTT CAG-30) and P2
(50-GGTAACAGTTGGCTTACTG GAAGTTG-30)18,19

for 30 cycles. The PCR-amplified products were
diluted 20 times in distilled water and used for
nested PCR with mutant primers P3 (50-AGGACCTG
CTTCGCGGC-30) and P4 (50-CAGTT GGCTTACTG-
GAAGTTGACT TT-30) for 30 cycles. To block the
amplification of the wild-type allele, a peptide
nucleic acid (PNA) primer (Gly-NH2-CGCTGCCG
TGTC-HAc) (FASMAC, Co Ltd, Kanagawa, Japan)
was added to the first and nested-PCR reactions.15,20

The P3 primer creates a new restriction site for EagI
(CGGCCG) through the change to G in the first
position of codon 200 in the normal allele; therefore,
the 88-bp fragment amplified by the nested PCR is
divided into 74- and 14-bp fragments upon EagI
digestion. On the other hand, the allele containing a
GNAS mutation at the first or second position of the
Arg201 codon is not digested by EagI. After EagI
treatment, the PCR products were separated by 4%
NuSieve GTG agarose gel electrophoresis (FMC
BioProducts, Rockland, ME, USA) and stained with
ethidium bromide to visualize the amplified bands.

Sequencing

The 88-bp amplified products of the nested PCR
with a PNA primer, were purified by 2% agarose gel
electrophoresis. The bands were excised and iso-
lated from the gel by DNA extraction kits (QIAGEN).
The isolated DNA was subcloned into the pGEM-T
Easy vector (Promega Co, Madison, WI, USA). After
purification, sequencing was carried out using
vector primers SP6 and T7. Ten clones per a lesion
were analyzed using an automated DNA sequencer
model 373 (Applied Biosystems, Foster City, CA,

USA). Thus, all PCR-amplified products were
sequenced to confirm the presence of the mutation.

Results

Clinicopathological and Radiological Findings of the
Patients

Clinical data of the patients with fibrous dysplasia
and ossifying fibroma are listed in Table 1. Nine
fibrous dysplasias and five ossifying fibromas pre-
sented as enlargement of the affected bones, and five
gnathic fibrous dysplasias and five ossifying fibro-
mas showed facial asymmetry. Radiologically,
gnathic fibrous dysplasia showed homogeneous
radio-dense opacities with a ground-glass appear-
ance that blends into the surrounding normal bone
(Figure 1a), whereas ossifying fibroma appeared as a
unilocular mixed radiolucent and radio-opaque
lesion with sharply defined borders (Figure 1d).
Histologically, gnathic fibrous dysplasia is com-
posed of irregular-shaped woven bone within a
vascularized fibrous stroma of variable cellularity
(Figure 1b and c). The woven bone spicules are
evenly distributed throughout the lesion and exhibit
a variety of shapes (Figure 1b and c). Ossifying
fibromas showed prominent calcified structures
(ossicles and cementicles) that appeared as eosino-
philic or basophilic spherules of osteoid or bone
within a moderately cellular, dense stroma (Figure
1e and f). Thus, the lesions satisfied with their
typical clinical, radiological, and histological
criteria were used in this study.

Immunohistochemical Findings of Fibrous Dysplasia
and Ossifying Fibroma

The immunohistochemical findings from the extra-
gnathic and gnathic fibrous dysplasia and ossifying
fibroma are presented in Figure 2. In both fibrous
dysplasia and ossifying fibroma, Runx2 staining was
observed in the nuclei of spindle cells within
fibrous connective tissues as well as cells on the
surfaces of mineralized structures (Figure 2a–c).
Likewise, osteopontin was detected around the
periphery of calcified structures in both lesions
(Figure 2d–f). Strong immunoreactivity against
osteocalcin was distributed throughout calcified
structures in fibrous dysplasia (Figure 2g and h),
whereas only weak immunoreactivity was visible in
ossifying fibroma (Figure 2i). DMP1 was specifically
present in the calcified matrix surrounding osteo-
cyte-like cells in both fibrous dysplasia and ossify-
ing fibroma (Figure 2j–l). Thus, there was no
significant difference between fibrous dysplasia
and ossifying fibroma in the bone matrix distri-
bution of any of the proteins tested except for
osteocalcin.
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Detection of GNAS Mutation in Fibrous Dysplasia and
Ossifying Fibroma Using PCR-RFLP

DNA samples from normal bone (Figure 3a, lanes
1–3, 7–9) and osteofibrous dysplasia (Figure 3a,

lanes 4, 5, 10, 11) were used as negative controls.18

When PCR was performed without PNA, an 88-bp
amplified fragment was generated in the negative
controls. With the addition of PNA to the PCR, the
intensity of the amplified bands was reduced by

Figure 1 Representative panoramic radiographs (a, d) and photomicrographs of H&E-stained (b, c, e, f) gnathic fibrous dysplasia (a–c)
and ossifying fibroma (d–f). In panoramic radiographs, gnathic fibrous dysplasia is homogeneously radio-opaque with a ground-glass
appearance and poorly defined margins indicated by the red arrow (a). In contrast, ossifying fibroma appears as a unilocular mixed
radiolucent and radio-opaque lesion with well-defined borders, indicated by the red arrow (d). The photomicrographs show that gnathic
fibrous dysplasia shows thin irregular-shaped woven bone that resembles membranous ossification (b, c). Ossifying fibroma has a
moderately cellular, dense fibrous stroma with prominent calcified spherules corresponding to ossicles and cementicles (e, f). Original
magnifications: (b), (c), (e), (f)�40; (insets) �400.
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Figure 2 Representative immunohistochemical results from paraffin-embedded extragnathic fibrous dysplasia (a, d, g, j), gnathic fibrous
dysplasia (b, e, h, k), and ossifying fibroma (c, f, i, l) stained with anti-Runx2 (a–c), anti-osteopontin (d–f), anti-osteocalcin (g–i), and anti-
DMP1 (j–l) antibodies. Runx2 is detected in the nuclei of fibroblastic cells within fibrous tissue in extragnathic fibrous dysplasia, gnathic
fibrous dysplasia, and ossifying fibroma (a–c). There was no significant difference in bone-matrix expression between fibrous dysplasia
and ossifying fibroma of any proteins except for osteocalcin (d–f and j–l). Extragnathic and gnathic fibrous dysplasias, however, showed
strong immunoreactivity for osteocalcin in calcified materials (g and h), whereas ossifying fibroma stained only weakly for osteocalcin in
comparable regions (i). Original magnifications: (a–l) �200.

Molecular analysis of fibro-osseous lesions of jaw
S Toyosawa et al

393

Modern Pathology (2007) 20, 389–396



approximately 40–60%. After EagI treatment, the
amplified 88-bp fragments were completely digested
into two fragments 74- and 14-bp in length, regard-
less of whether or not PNA was present (Figure 3a,
lanes 1–5, 7–11). Further sequencing analysis
revealed no GNAS mutation in these DNA samples
(data not shown).

A DNA sample from a paraffin block of extra-
gnathic polyostotic fibrous dysplasia (patient No. 3)
was used as a positive control. In the absence of
PNA, undigested 88-bp and digested 74-bp bands,
corresponding to the mutant and wild-type alleles,
respectively, were visible after EagI digestion (Fig-
ure 3a, lane 12). In the presence of PNA, only the
undigested 88-bp band, and not the digested 74-bp
band, was visible after EagI digestion (Figure 3a,
lane 6). These results indicate the selective ampli-
fication of mutant alleles in the presence of PNA.20

PCR analysis was performed for four extragnathic
fibrous dysplasias, five gnathic fibrous dysplasias,
and five ossifying fibromas. In all nine cases of
extragnathic or gnathic fibrous dysplasia, the am-
plified 88-bp fragments were not digested by EagI
(Figure 3b, lanes 1–4: extragnathic fibrous dysplasia;
5–9: gnathic fibrous dysplasia). In contrast, EagI

treatment of the five samples of ossifying fibroma
resulted into complete digestion into the 74- and 14-
bp fragments (Figure 3b, lanes 10–14). Sequencing
analysis revealed GNAS mutations at the Arg201

codon in all nine cases of fibrous dysplasia, but in
none of the ossifying fibroma samples (Table 1).

Discussion

Ossifying fibroma and fibrous dysplasia often pre-
sent a diagnostic dilemma for both clinicians and
pathologists because of their radiographic and
histological similarity. Voytek et al21 reported that
the considerable ossifying fibroma were completely
indistinguishable from fibrous dysplasia from their
histological studies. These lesions also demon-
strated considerable radiographic overlap.21 They
suggested that, because of this similarity, ossifying
fibroma and fibrous dysplasia could be considered
as diseases at either end of a single morphological
spectrum. An additional report suggested that
ossifying fibroma is a variant of fibrous dysplasia
rather than a distinct disease entity.22 The present
study clearly demonstrates that immunohistochem-
ical analysis of osteocalcin and PCR analysis of
GNAS mutations are useful methods in the differ-
entiation between the two, and furthermore suggests
that they are probably distinct disease entities.

Fibrous dysplasia is characterized histologically
by stromal fibroblasts producing bony matrix with-
out morphological evidence of osteoblastic cells at
the periphery of the bony spicules. The osteoblastic
nature of these fibroblastic cells has been suggested
by electron microscopic analysis showing a lining of
abnormal osteoblasts with a fibroblast-like appear-
ance around the immature woven bone,7 and
biochemical analysis showing an increase in alka-
line phosphatase activity in the cells populating the
fibrotic areas of fibrous dysplasia.8 In the present
study, the nuclei of fibroblastic cells, as well as cells
on the surface of bones, showed strong expression of
Runx2, an important transcription factor for the
osteogenic lineage, indicating that these cells are the
osteogenic precursors. Similarly, the fibroblastic
cells in ossifying fibroma also showed strong Runx2
expression in the nucleus. Both lesions could thus
be interpreted as diseases of cells in the osteogenic
lineage.

Immunohistochemical analysis for osteogenic
markers such as osteopontin and DMP1 did not
show much difference between fibrous dysplasia
and ossifying fibroma; however, osteocalcin immu-
nohistochemistry demonstrated a marked difference
between the two. Osteopontin, osteocalcin, and
DMP1 are abundant noncollagenous proteins of the
normal bone matrix.23–25 Osteocalcin, the most
abundant noncollagenous protein,24 is distributed
throughout normal bone25 and has been shown by
gene knockout technology to be a negative regulator
of bone formation.26 The abundance of osteocalcin

Figure 3 Mutational analysis of the GNAS gene at the Arg201

codon using PCR-RFLP. (a) Control PCR-RFLP experiments
examining the GNAS gene at the Arg201 codon in the presence
(lanes 1–6) or absence (lanes 7–12) of PNA. In the presence and
absence of PNA, EagI digested the 88-bp amplified DNA
fragments, including codon 201 of the GNAS gene into 74- and
14-bp fragments in normal bones (lanes 1–3 and 7–9) and
osteofibrous dysplasias (lanes 4, 5, 10, 11) as negative controls.
The 14-bp fragment was not visible in this gel. In contrast,
polyostotic fibrous dysplasia showed undigested 88-bp fragments
(lanes 6, 12). In the absence of PNA, undigested 88-bp (mutant
allele) and digested 74-bp (normal allele) bands are visible (lane
12). In the presence of PNA, only the undigested 88-bp band is
visible (lane 6). These results indicate that selective amplification
of mutant alleles is performed in the presence of PNA. The 10-bp
ladder was used as a size marker. (b) PCR-RFLP analysis of the
Arg201 codon of the GNAS gene in extragnathic fibrous dysplasia
(lanes 1–4), gnathic fibrous dysplasia (lanes 5–9), and ossifying
fibroma (lanes 10–14) in the presence of PNA. After EagI
digestion, all extragnathic and gnathic fibrous dysplasias showed
persistent undigested 88-bp fragments (lanes 1–9). In contrast,
all ossifying fibromas showed digested 74-bp fragments (lanes
10–14). A 10-bp ladder was used as a size marker.
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in fibrous dysplasia and its deficiency in ossifying
fibroma suggests that the calcified material in
fibrous dysplasia is more similar to normal bone
than that in ossifying fibroma. This marked differ-
ence may indicate differences in bone formation and
osteoblast differentiation between the two lesions.

Analysis of GNAS mutations at the Arg201 codon
was found to be useful in distinguishing between
ossifying fibroma and fibrous dysplasia. The so-
matic nature of the mutations in fibrous dysplasia
makes their identification difficult, because the
mutations are not present in all cells of affected
patients, even within affected organs. Therefore, a
PNA-clamping method was employed in the present
study.15,20 Sequencing of the PCR-amplified frag-
ments confirmed the accuracy of the PCR analysis
using PNA, suggesting that the PCR analysis used in
the present study may be a useful and easily
available method for detecting GNAS mutations at
the Arg201 codon.

Alterations in the tumor suppressor gene HPRT2
in ossifying fibroma have recently been reported.27

Direct sequencing of the HPRT2 revealed mutations
in two out of the four cases of ossifying fibroma.27

These findings indicate that the HPRT2 mutation
is not common in the development of ossifying
fibroma, and therefore may not be used as a marker
for diagnosis.

In conclusion, fibrous dysplasia and ossifying
fibroma are similar disease entities in that both
show markers consistent with the osteogenic lineage
in their stromal fibroblast-like cells. They are
distinct, however, in the precise composition of
bone matrix, as shown by osteocalcin immuno-
histochemistry. Finally, PCR analysis with PNA for
GNAS mutations at the Arg201 codon is a potentially
useful method to differentiate between the two.
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