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ABSTRACT. Several cases of sporadic primary hy
perparathyroidism in association with fibrous dys
plasia of the bone have been reported in the English 
literature. Since fibrous dysplasia is a major feature 
and hyperparathyroidism is occasionally found in 
the McCune-Albright syndrome, we hypothesized 
that such cases may represent a variant of this syn
drome. A 28-year-old male had primary hyper
parathyroidism associated with polyostotic fibrous 
dysplasia but no other manifestations of the 
McCune-Albright syndrome. Genomic DNA sam
ples from his parathyroid adenoma, dysplastic bone 
sample, and peripheral leukocytes were analyzed 
for the presence of activating mutations of the stim
ulating G protein a subunit gene (gsp). Aliele-spe-

INTRODUCTION 

Fibrous dysplasia is a major feature of the McCune
Albright syndrome (MAS), where it is typically as
sociated with cafe-au-Iait skin lesions, sexual pre
cocity, and hyperfunctioning of any of several en
docrine glands including the parathyroid (1-3). 
Isolated fibrous dysplaSia has also been described 
in association with sporadic primary hyperparathy
roidism. Although only up to ten such cases have 
been reported in the English literature (4-8), it has 
been suggested that the association is more than 
expected by chance and may represent a syn
drome (6-8). 
Recently, MAS has been shown to be associated 
with early postzygotic mosaic activating mutations 
in exon 8 (arginine 201 to histidine or cysteine, gsp) 
of the gene for the stimulatory a subunit of the G 
protein (Gsa) (9-10). The identification of these mu-
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cific hybridization revealed the presence of normal 
sequences only, coding for arginine and glutamine 
at codons 201 (exon 8) and 227 (exon 9), respec
tively. Further, single strand conformational analysis 
of a 224 base pair fragment of exon 8 revealed no 
conformational aberrations. Furthermore, the se
quences of a 164 base pair fragment of exon 8 and 
a 170 base pair fragment of exon 9 were normal. 
The results strongly suggest that gsp mutation is 
absent in affected and normal tissues in this patient 
and that the association of hyperparathyroidism and 
fibrous dysplasia may not represent a variant of the 
McCune-Albright syndrome. 
(J. Endocrinol. Invest. 20: 552-558, 1997) 
©1997, Editrice Kurtis 

tations in affected tissues has permitted the diag
nosis of MAS when the overall clinical picture is not 
typical (11-13). 
We hypothesized that the association between spo
radic primary hyperparathyroidism and fibrous dys
plasia may represent a variant of MAS that may be 
due to a lower abundance of mutated Gsa. We ex
amined the genomic DNA of a new case with such 
association for activating mutations of Gsa using 
polymerase chain reaction (PCR)-based tech
niques. 

MATERIALS AND METHODS 
Case Report 

A 28-year-old Saudi male was referred to King 
Faisal Specialist Hospital and Research Centre (KF
SH & RC) with the complaint of a painless slowly 
growing left mandibular swelling of eight months' 
duration. Previously, he had two similar swellings 
in the right (13 years before) and left (six years be
fore) mandibles. The swellings were partially re
moved in other hospitals and were reportedly found 
to be benign bone lesions. Seven years prior to ad
mission he had primary hyperparathyroidism with 
a calcium level of 4.5 mmol/I, and a PTH level of > 
1000 pmol/I (mid region assay; normal range (nl), 
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Fig. 1 - Computed tomography scan of the facial skeleton. There 
are three bony lesions, one in the right maxilla obliterating the 
maxillary antrum and reaching the orbital floor and two in the 
right and left mandibles, respectively The appearance of the le
sions is characteristic of fibrous dysplasia. 

29-85), and he underwent neck exploration and ex
cision of a single parathyroid adenoma. On admis
sion, he had no complaints apart from the left 
mandibular swelling. He had normal puberty at the 
age of 14 years. He had no family history of hyper
parathyroidism or bone swelling. The phYSical ex
amination was unremarkable except for a 2 x 2 cm 
hard non-tender swelling in the left mandible and 
a similar lesion in the right maxilla. His height was 
165 cm and his weight was 80.5 kg . There were no 
cafe-au-Iait or any other skin lesions. 
Laboratory investigations (on two occasions) 
showed: calcium 2.37 and 2.51 mmol/l (nl, 2.1-2.6); 
phosphate 1.35 and 1.29 mmol/l (nl, 0.80-1.45); al
kaline phosphatase 184 and 174 U/I (nl, 40-135); 
PTH 50 and 44 pg/ml (nl , 10-65); urinary calcium 
3.5 mmol/24 hour (nl, 2.5-6.3); creatinine 95 mmol/l 
(nl, 40-105) ; albumin 39 gil (nl, 35-50); 25 hydroxy 
vitamin D3 40 ng/ml (nl, 50-312), TSH 0.99 lUll (nl, 
0.2-5); free T4 23 pmol/l (nl, 12-28); LH 2.6 lUll (nl, 
0-8); FSH 1.7 lUll (nl, 0-6); prolactin 21 mg/l (nl , 5.7-
25.1); testosterone 28 ng/ml (nl, 10-40); fasting GH 
<0.5 mUll (nl, 0-13.5) ; 8 am cortisol 400 nmol/l (nl , 
220-880); and 8 am ACTH 20 pg/ml (nl , 9-52). All 
laboratory investigations were performed in the clin
ical laboratory at KFSH&RC using standard meth
ods. 
X-rays of the mandibles showed multiple radiolu-
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cent lesions in the body and ramus of the right and 
left mandibles; the largest measuring 2 x'3 x 3 cm 
with slight expansion of the bone and thinning of 
the cortex . A skeletal survey showed in addition , a 
lytic area in the proximal right femur with ground 
glass appearance, no sclerotic margin , no cortical 
break, no periosteal reaction and no calcification. 
There was also similar smaller lesions in left femur, 
right humerus, left 7-9 ribs and left and right tibia. A 

CT scan of the facial skeleton (Fig. 1) revealed a 
large bone lesion coming off the alveolar ridge of 
the right maxilla, obliterating the maxillary antrum 
and reaching the orbital floor. A similar expansion 
was noted in the body of the left mandible extend
ing into the ramus in the molar area and a third 
smaller expansion was seen in the ramus of the left 
mandible. The findings were consistent with polyos
totic fibrous dysplasia. 
Biopsies of the left mandibular and right maxillary 
lesions were also consistent with fibrous dysplasia 
showing fibrous tissue stroma with spindle shaped 
cells; variably sized, irregularly shaped bone 
spicules; no osteoblast rimming; sparse osteo
clasts; and no inflammatory cells or hemosiderin 
deposits. 
He continued to have normal calcium, phosphate 
and PTH levels seven and a half years after surgery. 
However, the swellings continued to grow slowly 
and he underwent resection and reconstruction of 
the left mandibular body as well as debulking of the 
right maxillary lesion. The histology was again con
sistent with fibrous dysplasia. The patient gave in
formed consent for the following studies. 

DNA Preparation 

Leukocytes from the patient and from normal con
trols were isolated by the Ficoll-Hypaque method . 

Table 1 - Sequence of the primers and probes used in the cur
rent study 

Primer and Probes 

Primers of exon 8 
201A 
201B 
201C 

Primers for exon 9 
227A 
227B 

Probes 
201Arg 
201Cys 
201His 
227Gln 
227Leu 
227Arg 

Sequence 5' ® 3' 

TCGGTTGGCTTTGGTGAA TCCA 
AGAAACCATGATCTCTGTTATA 
CTCTGAGCCCTCTTTCCAAACTAC 

CCAGTCCCTCTGGAATAACCAG 
AGCGACCCTGATCCCTAACAAC 

TTCGCTGCCGTGTCCTGACTT 
TTCGCTGCTGTGTCCTGACTT 
TTCGCTGCCATGTCCTGACTT 
TGGGTGGCCAGCGCGATGAA 
TGGGTGGCCTGCGCGATGAA 
TGGGTGGCCGGCGCGATGAA 



High-molecular-weight DNA was prepared from 
leukocytes as previously described (14). Genomic 
DNA was isolated from tissues embedded in paraf
fin (15), after localizing the fibrous dysplasia region 
(left mandible surgical specimen) and the parathy
roid adenoma region by microscopic observation 
of hematoxylin and eosin stained samples. 

peR amplification of genomic DNA 

Oligonucleotide primers were synthesized by the 
phosphoramidite method using an applied 
Biosystem 380B DNA synthesizer. The sequences 
of the wild type primers (201 A, 201 B, 201 C, 227 A, 
227B) have been previously reported (9-10) and 
are shown in Table 1. Amplification of exons 8 and 
9 was carried out separately in 100 ml reaction mix
ture of the following composition: 1 mg DNA, 0.1 
mmol/I dNTPs, 50 pmol of each of the primers, 50 
mmol/I potassium chloride, 10 mmol/I Tris-HCI pH 
8.3, 2.5 mmol/I MgCL2, 0.01 percent gelatin and 
2.5 U Taq polymerase. The thermal cycler (Perkin 
Elemer 480) was programmed as follows: denatu
ration for one cycle at 94 C for 5 min; 40 cycles of 
denaturation at 94 C for 1 min, annealing at 58 C 
for 45 seconds and extension at 72 C for 1 min; and 
final extension at 72 C for 2 min. 

Hyperparathyroidism and fibrous dysplasia 

Allele specific hybridization 

Slot-blotting was done on Hybond N+ after dena
turing PCR-amplified DNA in 0.4 N NaOH and 25 
mmol/I ethylenediamine tetraacetic acid (EDTA). 
The transferred DNA was cross-linked to the mem
brane by exposure to UV. Hybridization to se
quence specific oligonucleotides (Table 1) to de
tect arginine, cysteine, or histidine at codon 201 in 
exon 8; and glutamine, arginine, or leucine at 
codon 227 in exon 9, was done as previously re
ported (16). 

Single strand conformational analysis 

Exon 8 was amplified using primers 201 Band 201 C 
(Table 1). The amplified products were migrated 
on 2% low melting point agarose gel and the band 
of 224 base pair was excised, purified, and resus
pended in 10 mmol/I Tris, 1 mmol/I EDTA (TE). An 
equal volume of denaturation solution (95% for
mamide, 0.05% bromophenol and 0.05% xylene 
cyanole, and 20 mmol/I EDTA) was added to an 
aliquot of amplified DNA solution and the denatu
ration was carried out at 100 C for 3 min after which 
the solution was rapidly chilled. 1 ml of the solution 
was loaded on a pre-run 8-25% native gradient 
polyacrylamide gel (Phast Gel, Pharmacia, 
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Fig. 2 - Sequencing of a fragment of exon 8 of Gsa gene. A, B, and C represent the patient's leukocytes (upper strand), parathyroid 
adenoma (lower strand) and dysplastic bone (lower strand) samples, respectively. There is a normal coding sequence of codon 
201 (CGT) in the three samples. 
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Uppsala, Sweden). The electrophoresis was done 
at 280 V, 8 mA, 1.8 Wand 10 C for 140 Vh. 

Sequencing of amplified DNA 

PCR-amplification of exons 8 and 9 was done after 
phosphorylating one primer of each primer set. The 
bands corresponding to the amplified products 
were purified after migrating in 2 percent low melt
ing point agarose gel. The single-stranded tem
plates were prepared by digestion of the phos
phorylated strand by lambda endonuclease using 
a PCR Template Prep kit (Pharmacia, Uppsala). 
The sequencing reaction was carried out using 
Sequenase kit (US Biochemicals, Cleveland) and 
the same primer (0.5 pmol) as was phosphorylated. 
Thereafter, the sequence was resolved in 8 percent 
polyacrylamide gel. Both strands were sequenced. 

RESULTS 
Analysis of codon 201 and exon 8 

Codon 201 in exon 8 of Gsa codes for arginine in 
the wild state and for cysteine or histidine in the 

GAT C 

reported mutated states in MAS (9-13,17). Using 
primers 201A and 201B (Table 1), a 164 base pair 
fragment of exon 8 containing codon 201 was 
PCR-amplified from genomic DNA obtained from 
the parathyroid adenoma, dysplastic bone sam
ple, and peripheral leukocytes of the patient (but 
not from a blank control). The amplified DNA as 
well as positive controls for cysteine 201 and his
tidine 201 mutations were analyzed by allele spe
cific hybridization technique using probes (Table 
1) specific for arginine (201Arg), cysteine 
(201 Cys), or histidine (201 His) at codon 201, re
spectively. Slot blots revealed hybridization of the 
three patient's samples to the arginine probe only 
(data not shown). The 164 base pair fragment of 
exon 8 (from the three samples) was also se
quenced and found to be normal (Fig. 2). An over
lapping 224 base pair fragment of exon 8 was 
PCR-amplified using primers 201 Band 201 C 
(Table 1) and subjected to single strand confor
mational analysis. This also showed no conforma
tional aberrations to indicate base changes (data 
not shown). 
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Fig. 3 - Sequencing of a fragment of exon 9 of Gsa gene. A, B, and C represent the patient's leukocytes (upper strand), parathyroid 
adenoma (lower strand) and dysplastic bone (lower strand) samples, respectively. There is a normal coding sequence of codon 
227 (CAG) in the three samples. 
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Analysis of codon 227 and exon 9 
Since mutations of codon 227 can also cause con
stitutive activation of Gsa (18), that theoretically may 
result in MAS like phenotype, we also analyzed 
codon 227 for such mutations. Using primers 227 A 
and 2276 (Table 1), a 170 base pair fragment of 
exon 9 containing codon 227 was PCR-amplified 
from genomic DNA obtained from the three tissue 
samples of the patient (but not from a blank con
trol). Allele specific hybridization analysis of the 
three patient's samples as well as positive controls 
for wild type glutamine 227, arginine 227 mutation, 
or leucine 227 mutation, using probes (Table 1) 
specific for glutamine (227Gln), arginine (227Arg), 
or leucine (227Leu) at codon 227 revealed the 
presence of only glutamine 227 in all patient's sam
ples (data not shown). The 170 base pair fragment 
of exon 9 (from the three samples) was also se
quenced and found to be normal (Fig. 3). 

DISCUSSION 

Although it is difficult to differentiate the bone lesions 
of fibrous dysplasia from those of primary hyper
parathyroidism (7, 8), it is clear that the bone lesions 
in our patient represent fibrous dysplasia and are 
not secondary to primary hyperparathyroidism. They 
developed years before the diagnosis of hyper
parathyroidism and continued to occur years after 
curative parathyroidectomy. Further, bone biopsies 
showed no osteoblast rimming or hemosiderin de
posits and only sparse osteoclasts, features that are 
rather atypical for brown tumors (7). To our knowl
edge, only 8-10 cases (2 cases may have been re
ported twice) of sporadic primary hyperparathy
roidism in association with fibrous dysplasia have 
been previously reported (4-8). However, the preva
lence of primary hyperparathyroidism in patients with 
fibrous dysplasia has been estimated to be 5% to 
10% (6). On the other hand, in a retrospective re
view of 350 cases of primary hyperparathyroidism, 
five patients were found to have fibrous dysplasia 
(8). These and other studies suggested that this as
sociation is more than expected by chance and that 
it may represent a syndrome (6-8). 
The McCune-Albright syndrome (MAS), classically 
the trio of polyostotic fibrous dysplasia, cafe-au-Iait 
pigmentation and precocious puberty, has been es
timated to be present in one of 30 to 40 cases of 
polyostotic fibrous dysplasia (19). The spectrum of 
this syndrome has been recently expanded to in
clude milder cases, such as nodular adrenal hyper
plasia in association with astatic fibrous dysplasia 
(12), and more severe cases, such as hyperactivity 
of up to four different endocrine glands in the same 
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patient (3), as well as hepatobiliary disease, cardiac 
disease, and other non-endocrine abnormalities (11). 
Activating mutations in the gene encoding the a sub
unit of Gs have been found in variable abundance 
in multiple tissues from several MAS patients (9-
13,17). In all but one reported cases of MAS (20), 
there were missense mutations encoding the sub
stitution of arginine 201 residue in exon 8 with either 
cysteine or histidine (9-13,17). This substitution in
hibits the intrinsic guanosine triphosphatase 
(GTPase) activity of Gsa and results in prolonged 
stimulation of adenylyl cyclase activity (21). 
Activating mutations of codon 227 of exon 9 of Gsa 
that may also inhibit the GTPase activity, and thus 
could theoretically result in a phenotype that resem
bles MAS, have been described in several endocrine 
tumors (22) but not in association with MAS. 
We examined whether the association of hyper
parathyroidism and polyostotic fibrous dysplasia in 
our patient may represent a variant of MAS that may 
be due to a low abundance of a mutation that af
fects GTPase activity. We were unable to detect 
such a mutation in normal or affected patient's tis
sue samples. Allele specific hybridization was neg
ative for cysteine 201 and histidine 201 mutations. 
Further, the normal sequence of a 164 base pair 
fragment (and the normal single strand conforma
tional analysis of a 224 base pair fragment) of exon 
8 that spans codon 201 did not support the possi
ble presence of other mutations in this fragment. 
Moreover, allele specific hybridization and se
quencing of a 170 base pair fragment of exon 9 
were negative for codon 227 (and other) mutations. 
Although we did not examine the full sequence of 
Gsa, these results strongly suggest that the asso
ciation of primary hyperparathyroidism and polyos
totic fibrous dysplasia in our patient does not rep
resent a variant of MAS. To our knowledge, the 
presence of gsp mutations has not been studied in 
the other reported cases of primary hyperparathy
roidism-associated polyostotic fibrous dysplasia. 
Whether this association represents a syndrome 
that resembles MAS, an unrelated syndrome, or just 
a chance occurrence needs further study. In this 
regard, an atypical case of MAS has been recent
ly reported in which gsp mutations are absent and 
Gsa function is normal (20). In addition, an autosomal 
dominant syndrome (Hereditary Hyperparathyroidism 
- Jaw Tumor Syndrome) of recurrent parathyroid ade
nomas and fibro-osseous tumors restricted to the 
mandible and/or maxilla with or without Wilms tumor 
and parathyroid carcinoma has been described in 
8 families (23-24) and its candidate gene has been 
recently mapped to the long arm of chromosome 
1 (25). 
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Finally, the rare association of fibrous dysplasia of 
the bone and primary hyperparathyroidism should 
be recognized as such and differentiated from re
current/persistent hyperparathyroidism especially 
with the high prevalence of elevated PTH levels af
ter apparently curative parathyroidectomy (26,27). 
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