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Introduction
Fibro-osseous lesions of the jaws are a complex and diverse group of lesions characterized
by a remarkably similar histological appearance—replacement of normal bone with a
fibroblastic stroma containing varying amounts of mineralized substance, which may be
bone and/or cementum-like in appearance 1. Although the nomenclature and classification
of these lesions is controversial, this generic term generally includes three broad categories
of clinically and radiographically distinct entities: (a) Fibrous dysplasia (b) cemento-
ossifying fibroma and (c) cemento-osseous dysplasia 2. Fibrous dysplasia (FD) is a genetic
disease with skeletal manifestations. The lesions may be single (monostotic) or may involve
multiple bones (polyostotic). The most frequently involved sites are the craniofacial bones
and the proximal femur. Occasionally, polyostotic FD is a manifestation of the McCune-
Albright syndrome (MAS) 3. The majority of FD lesions, especially those in the craniofacial
region are established at a young age and stabilize by age 15 4. Most monostotic FD lesions
are asymptomatic and discovered as incidental findings during radiographic examination.
These lesions pose little risk for pathological fracture or deformity and for most part, are
managed by clinical observation 5. Symptomatic patients may be treated with
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bisphosphonates to relieve bone pain 6 or may require surgical treatment to correct a
deformity 5.

Cemento-ossifying fibroma (COF) is a benign neoplastic lesion of the jaw that progressively
expands the affected bone, often causing considerable cosmetic and functional deformity.
These lesions require complete surgical removal. Notably, this tumor is a frequent
manifestation of the hyperparathyroidism-jaw tumor syndrome, caused by germline
mutations in the HRPT2 gene 7. The third category of fibro-osseous lesions, cemento-
osseous dysplasia (COD), comprises a group of common benign lesions that occur
exclusively in the tooth-bearing areas of the jaws and are presumed to arise from cells of the
periodontal ligament 1. The terms periapical-, focal and florid- COD have been used to
describe this group of lesions, depending on the site of occurrence and the extent of jaw
involvement. These lesions are most often detected as incidental findings during routine
dental radiographic examinations. Except for florid COD, the COD lesions seldom expand
the jaws and do not displace teeth and require no treatment.

Despite their similar and often indistinguishable histological appearances, the clinical
manifestations, radiographic appearances and most importantly, the biological behaviors of
the various fibro-osseous lesions are dramatically different. Although there is no evidence of
a common molecular pathogenesis, some groups have considered that these fibro-osseous
lesions represent a spectrum of the same disease entity 8, 9. It is well established that MAS is
caused by postzygotic activating mutations of the GNAS gene 10, which encodes the α-
subunit of the stimulatory G-protein Gs. These mutations, at codon 201, replace an arginine
residue with either histidine or cysteine. The mutations are also present in FD lesions not
associated with MAS 11, suggesting that monostotic FD, polyostotic FD and MAS share a
common molecular etiology. Two previous reports have demonstrated lack of GNAS
mutations in gnathic COF lesions 12, 13. However, it is not known whether somatic
mutations of GNAS contribute to the pathogenesis of COD. Here we report that mutations of
the GNAS gene are absent in COD and COF of the jaws and highlight a clear molecular
distinction between FD and other fibro-osseous lesions of the jaws.

Materials and Methods
Tissue samples

Formalin-fixed, paraffin-embedded tissue blocks from 8 cemento-ossifying fibromas and 24
cemento-osseous dysplasias (11 focal- and 13 florid cemento-osseous dysplasias) were used
in this study. All cases were diagnosed histologically as fibro-osseous lesions and the final
diagnosis was established after considering the clinical manifestations and radiographic
features. As positive control, we used genomic DNA from a MAS-associated fibrous
dysplasia lesion, with a previously confirmed R201H mutation in the GNAS gene 14. This
study was approved by the Institutional Review Boards at the University of Connecticut
Health Center, University of Michigan and the Medical College of Georgia.

DNA extraction
Genomic DNA was extracted as described previously 15. Approximately 15-20 10-μm thick
sections were deparafinnized twice in xylenes for 10 minutes each and dehydrated in 100%
ethanol twice for 10 minutes each. The samples were dried at room temperature and
resuspended in 500 μl DNA extraction buffer (100mM sodium chloride, 10mM Tris-
hydrochloride, pH 8.0, 25mM EDTA, pH 8.0, 0.5% SDS and 0.3 mg/ml proteinase K,
Sigma, St. Louis, MO). Resuspended samples were incubated at 55°C in a shaking water
bath for 72 hours. At 24 and 48 hours after the start of incubation, additional proteinase K
(200μg) was added to the extraction reaction. DNA was extracted with phenol-chloroform
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isoamyl alcohol, precipitated with ammonium acetate and ethanol and pelleted by
centrifugation using standard methods. DNA pellets were washed with 70% ethanol,
dissolved in 20-30 μl of Tris–EDTA buffer (10mM Tris, 1 mM EDTA) and stored at 4°C.

Mutation analysis
To detect mutations of the Arg201 codon of the GNAS gene, we used two previously
described PCR-restriction fragment length polymorphism (RFLP) strategies 16, 17 with
minor modifications. Primer sequences and PCR reaction conditions are shown in Table I.
All PCR amplifications were performed using a Mastercycler EPS (Eppendorf, Westbury,
NY). Approximately 50ng of genomic DNA was amplified by PCR using primers P7 and P5
and 1μl of this amplification reaction was used as template for subsequent nested PCR-
RFLP assays to detect GNAS Agr201 mutations. We performed two independent nested PCR
reactions to yield amplicons encompassing the Arg201 codon (CGT).

The first nested PCR reaction used primer set A (primers P1 and P5) to amplify a 102 bp
region of GNAS. The sequence of primer P1 is altered from the native GNAS sequence to
introduce a unique EagI restriction site in the amplified product. As a result, EagI cleaves
amplicons from the normal GNAS alleles into 79- and 23 bp fragments. In contrast, the
presence of any mutation at the Arg201 codon eliminates this EagI site and thus,
amplification products from mutant alleles are resistant to EagI digestion. Twenty μl of each
PCR reaction was digested overnight at 37°C with EagI. Digested products were analyzed
by electrophoresis on a 3% agarose gel. To rule out the presence of a low frequency of EagI-
resistant mutant alleles, the digested product was diluted 20 fold and used as a template for a
PCR reaction with primer set B (primers P1 and P6) that flanks the EagI restriction site.
Undigested (mutant) alleles yield an amplification product of 76 bp, whereas digested
(normal) alleles do not yield any amplification product.

The second nested PCR reaction used primer set C (primers GNAS F and GNAS R) to yield
a 101 bp amplicon. The GNAS F primer contains a mismatch at the 3′ end—this introduces
a Nla III restriction site only in the presence of an R201H mutation. Thus, digestion of
amplicons from R201H mutant alleles are cleaved into 73bp and 28 bp fragments, whereas
the amplicons from normal alleles are resistant to digestion. Twenty μl of each PCR reaction
was digested overnight at 37°C with NlaIII. Digested products were analyzed by
electrophoresis on a 3% agarose gel.

Sequencing analysis
PCR amplification products generated by primer set C were cloned into the pCR2.1-TOPO
vector (Invitrogen, Carlsbad, CA), following the manufacturer’s protocols. The ligation
reaction was used to transform DH5-α competent E.coli and grown on Luria Broth plates
containing 50μg/ml ampicillin. Twenty discrete bacterial colonies from each ligation
reaction were innoculated into Luria Broth containing 50μg/ml amplicillin and grown at
37°C overnight. Plasmid DNA was extracted and purified using the QIAquick Miniprep Kit,
following the manufacturer’s protocols. Purified plasmid DNA was sequenced by direct
sequencing using the M13-forward primer.

Results
Genomic DNA from all fibro-osseous lesions was successfully amplified and both PCR
strategies yielded amplification products of expected sizes. PCR products amplified with
primer set A yielded a 102 bp fragment, whereas primer set C yielded a 101 bp amplicon.
PCR-RFLP analyses of positive control DNA from the fibrous dysplasia lesion
demonstrated the presence of an R201H mutation in GNAS gene, thereby validating our

Patel et al. Page 3

Oral Surg Oral Med Oral Pathol Oral Radiol Endod. Author manuscript; available in PMC 2011 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



assays. Digestion of the positive control PCR products with the appropriate restriction
enzyme showed the presence of both normal and mutant alleles (Figure 1), consistent with
the frequency of the mutant allele in this DNA sample, as determined previously 14. In
contrast, we did not detect GNAS mutations in any of the cemento-ossifying fibromas and
cemento-osseous dysplasias examined. PCR products generated using primer set A were
completely cleaved by EagI (Figure 1A). Further PCR amplification of EagI-digested
products showed amplification only in the positive control, but not in any of the COF/COD
lesions (Figure 1B), confirming the absence of mutant alleles. Likewise, PCR amplification
products generated using primer set C were resistant to NlaIII digestion (Figure 1C).

To rule out the possibility of a low frequency of mutant alleles that had evaded detection, the
PCR products from 1 cemento-ossifying fibroma and 2 cemento-osseous dysplasias were
cloned into plasmid vectors and used to transform E. coli. For each lesion, plasmid DNA
from twenty independent transformed colonies was extracted and sequenced. Sequence
analysis confirmed that the appropriate region of GNAS was amplified. All amplified
sequences contained wild-type GNAS sequence (Figure 2).

Discussion
Maxillofacial fibro-osseous lesions are a complex group of lesions that share a similar
histological appearance. These lesions often pose a diagnostic challenge and the eventual
diagnosis has to be based on careful consideration of the clinical and radiographic features.
Despite their histological similarity, these lesions differ dramatically in their clinical
manifestations and their biological behaviors and thus, are managed by different approaches.
Given their similarities, it has been suggested that COF is a variant of FD 8 and that these
two lesions represents opposing ends of a morphological spectrum of a single disease entity
9. Here, we have demonstrated a clear molecular distinction between FD and other fibro-
osseous lesions of the jaws. Using 2 independent PCR-RFLP assays, we showed that GNAS
mutations are absent in COF and COD lesions. FD lesions are mosaic and thus, contain a
mixture of normal and mutant cells and highly sensitive methods to detect an extremely low
frequency of mutant alleles have been developed 18. It is not known whether COF and COD
lesions are also mosaic in nature. Of note, one of our nested PCR-RFLP assays is designed
to selectively enrich amplification of mutant alleles 16 and thus, would have enabled us to
detect the presence of a low frequency of mutant alleles. Furthermore, we sequenced
multiple clones of amplified PCR products from a subset of lesions to eliminate the
possibility that our assays had failed to detect a low frequency of mutant alleles.

The absence of GNAS Arg201 mutations in any of the COF and COD lesions suggests that
GNAS does not play a role in the pathogenesis of these lesions. Our findings are consistent
with recent reports that showed absence of GNAS mutations in COF 12, 13. Distinction
between true GNAS-positive FD and other fibro-osseous lesions of the jaws has important
clinical implications, especially in clinical situations where the fibro-osseous lesions present
atypical clinical and/or radiographic features. This is underscored by a recent report of a
case of gnathodiaphyseal dysplasia--a syndrome with cemento-osseous lesions of jaws,
sclerosis, bowing of tubular bones and overall bone fragility--that was misdiagnosed as
polyostotic fibrous dysplasia 19. Although primary hyperparathyroidism is an uncommon
feature of McCune-Albright syndrome, there have been reported cases of sporadic primary
hyperparathyroidism in association with fibrous dysplasia of the bone, including craniofacial
FD 20, 21. Similarly, primary hyperparathyroidism and COF are the major manifestations of
the hyperparathyroidism-jaw tumor syndrome 7, 22. Distinction between these two
conditions has significant clinical implications—patients with FD may require further
assessment to evaluate endocrine status or overall skeletal metabolism, and depending on the
symptoms the FD lesions may or may not require treatment. In contrast, the COF lesions in
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patients with hyperparathyroidism-jaw tumor syndrome require complete removal to prevent
recurrence. Such patients also need to be tested to confirm the presence of germline HRPT2
(CDC73) mutations and may benefit from genetic counseling. Thus, an inaccurate diagnosis
of the co-existing fibro-osseous lesion in this regard may significantly influence patient
management.

In summary, our study has for the first time systematically evaluated fibro-osseous lesions
of the jaws and demonstrated a clear distinction between COF and COD lesions from the
GNAS-positive FD lesions.
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Figure 1.
Representative examples of the PCR-RFLP strategy used to detect Arg201 mutations in
GNAS. PCR reactions and restriction digests were performed as described in the Methods
section and analyzed on a 3% agarose gel. The gray scales of the ethidium bromide-stained
gel are reversed to enhance visualization. A schematic of the PCR products is shown to the
right. Lane M: 100bp band of the DNA size marker is shown. Lane 1: Positive control (FD),
lane 2: COF, lane 3: COD. Panel A: PCR amplification of DNA from COF/COD is
completely digested by EagI. Panel B: PCR amplification of EagI digested products from
panel A yields amplicons only for the mutant alleles. COF and COD lesions do not yield an
amplification product. Panel C: PCR amplification of DNA from COF/COD is resistant to
digestion by NlaIII.
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Figure 2.
Representative sequence from one of the cloned PCR products showing wild-type GNAS
sequence. The Arg201 codon (CGT) is underlined. The arrow indicates the base alteration in
the PCR primer.
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Table I

Oligonucleotide primers and primer combinations used for PCR amplification. The temperatures and times for
denaturation, annealing and extension are indicated

Primer Sequences

P7 (Sense): 5′- CCATTGACCTCAATTTTGTTTCAG -3′

P5 (Antisense): 5′- GGTAACAGTTGGCTTACTGGAAGTTG -3′

P1 (Sense): 5′- TTTTGTTTCAGGACCTGCTTCGCGGC -3′

P6 (Antisense): 5′- ACTTTGTCCCACCTGGAACTTGGTCTC -3′

GNAS F (Sense): 5′- TTGTTTCAGGACCTGCTTCGCAGC-3′

GNAS R (Antisense): 5′- AGGTAACAGTTGGCTTACTGGAAG-3′

Mismatches in primers P1 and GNAS F are underlined.

Primer Pair PCR Conditions Amplicon Size (bp)

P7 & P5 Pfu DNA polymerase, 20 cycles 115

94°C, 60 sec; 55°C, 60 sec; 75°C, 60 sec

Primer set A Taq DNA polymerase, 30 cycles 102

P1 & P5 94°C, 30 sec; 55°C, 30 sec; 72°C, 30 sec

Primer set A Taq DNA polymerase, 30 cycles 76

P1 & P5 94°C, 30 sec; 55°C, 30 sec; 72°C, 30 sec

Primer set C Taq DNA polymerase, 30 cycles 101

GNAS F &
GNAS R

94°C, 30 sec; 55°C, 30 sec; 72°C, 30 sec
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