
Abstract Activating missense mutations in the Arg 201
codon of the gene encoding the α subunit of Gs, the 
G protein that stimulates cAMP formation, have been
recognized as the cause of many endocrine diseases,
McCune-Albright syndrome and isolated fibrous dyspla-
sia of bone. On the other hand, intramuscular myxomas
with fibrous dysplasia, so-called Mazabraud’s syndrome,
have been sporadically reported, but it has not been con-
firmed whether intramuscular myxoma, with or without
fibrous dysplasia, is associated with the Gsα mutations.
We investigated the presence of the Gsα mutations in in-
tramuscular myxomas with or without fibrous dysplasia
by a PCR-SSCP assay, using formalin-fixed, paraffin-
embedded tissues. In five of the six intramuscular myxo-
mas (three with and two without fibrous dysplasia), point
mutations were detected as aberrant bands by SSCP,
which were confirmed by a subsequent sequence analy-
sis (three Arg to His and two Arg to Cys). This result
suggests that the Gsα mutations are related to tumori-
genesis in intramuscular myxoma and that intramuscular
myxoma is one of the diseases induced by abnormal Gsα
protein.
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Introduction

G proteins (guanine nucleotide-binding proteins) medi-
ate between a variety of transmembrane receptors and in-
tracellular responses in the signal transduction pathway
and regulate cell proliferation, differentiation and apop-
tosis [6]. A number of human diseases have been de-
scribed as a consequence of the mutations of the gene
encoding the α-subunits of G protein [25, 27]. The acti-
vating missense mutations in Arg201 codon of the gene
for the α-subunit of the stimulatory G protein (Gsα)
have been specifically associated with some kinds of en-
docrine tumors [32], abnormal endocrine and nonendo-
crine tissues, such as café-au-lait pigmentation and fi-
brous dysplasia (FD) of bone, in McCune-Albright syn-
drome (MAS) [16, 19, 21, 22, 24] and FD of bone with-
out associated MAS [5, 12, 23]. Abnormal G protein de-
rived from the mutant Gsα gene has been identified as
an inhibitor of an intrinsic GTPase activity that leads to
constitutive activation of adenylyl cyclase and increased
levels of cyclic AMP, thus resulting in diverse biological
consequences [12, 26]. Accordingly, the mutant Gsα
gene is known as the gsp oncogene [6, 12]. Mutant Gsα
genes encoding codon 201 in substitution for wild-type
CGT (Arg) are CAT (His), TGT(Cys) and AGT (Ser) [9].

MAS is a sporadic disease characterized by the triad of
polyostotic FD and café-au-lait pigmentation, and hyper-
function of multiple endocrine glands. The clinical signs
vary from one case to another, and incomplete forms of
MAS may occur [13, 18, 25]. These manifestations may
have accounted for a postzygotic somatic cell mutation re-
sulting in a mosaic population of cells with and without the
Gsα mutation [8]. The mutant gene has been identified in a
variable number of cells in different affected tissues of a
patient, and has also been expressed in only a small pro-
portion of cells in nonaffected tissues or blood leukocytes
[19, 21, 22, 28]. More recently, the same mutation has been
detected in monostotic or polyostotic FDs without abnor-
mality of endocrine function or skin pigmentation [5, 23].

Intramuscular myxoma (IM) is a relatively uncom-
mon benign tumor of the soft tissue and accounts for ap-
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proximately 0.1% of soft tissue tumors [7, 9]. Mazab-
raud’s syndrome is known as a rare disorder with both
multiple IMs and polyostotic FD and occasionally in-
volves some of the context of MAS [1, 3, 15, 30]. To our
knowledge, there have been no investigations aimed at
determining whether IM arising in Mazabraud’s syn-
drome is related to the same Gsα gene mutation.

In this paper we discuss the PCR-SSCP analysis that
we conducted to ascertain the presence of the Gsα gene
mutation in IMs and FDs, including Mazabraud’s syn-
drome and MAS, and the significance of the Gsα muta-
tion in IMs with and without FD.

Materials and methods

Materials

Twelve samples from 11 patients were retrieved from the Depart-
ment of Pathology and Oncology, School of Medicine, University of
Occupational and Environmental Health. The clinical details record-
ed for these 12 samples are summarized in Table 1. The lesions were
six IMs (3 with FD, 3 without FD) and six FDs (1 with IM, 5 with-
out IM). One of the 11 patients was an example of an MAS sufferer
having both multiple IM and polyostotic FD with a history of preco-
cious puberty, and this case has previously been published as a case
report (samples 1 and 7) [26]. This patient also had invasive ductal
carcinoma of the breast, which led to breast-conserving surgery with
lymph node dissection. A sample from the breast cancer, the axillary
lymph nodes and the peripheral blood of the patient were also inves-
tigated. Clinicopathological features of the 2 cases with Mazabraud’s
syndrome (sample 2 and 3) have been reported elsewhere [1]. Non-
affected tissues of the remaining 5 patients with IM were not avail-
able. None of the samples from the 6 FDs was treated with decalcifi-
cation. Other soft tissue myxoid tumors, including 3 myxoid liposar-
comas, 3 myxoid malignant fibrous histiocytomas, 3 extraskeletal
myxoid chondrosarcomas, 2 nerve sheath myxomas, 1 low-grade fi-
bromyxoid sarcoma and 1 ossifying fibromyxoid tumor of soft parts,
were also investigated in this study as negative controls.

PCR-SSCP assay

Genomic DNA was extracted from formalin-fixed, paraffin-em-
bedded tissues of the lesions using a DNA extraction kit (Sepa-

gene, Sankojunyaku, Tokyo, Japan) according to the manufactur-
er’s instructions, after deparaffinization and 3 days’ digestion with
proteinase K (Merck, Darmstadt, Germany). Polymerase chain re-
action (PCR) was carried out to amplify the Gsα gene with the
primers for exon 8, as previously reported by Candeliere et al. [5].
The forward primer was 5’-CCATTGACCTCAATTTTGTT
TCAG-3’ and the reverse primer, 5’-GGTAACAGTTGGCTTA
CTGGAAGTTG-3′. The reaction mixture was composed of 100 ng
genomic DNA, 12.5 pmol of each primer, 200 µM dNTP, and
2.5 U of Pfu DNA polymerase (Native Pfu, Stratagene, La Jolla,
Calif.) in a standard reaction buffer (10 mM Tris-HCl, 50 mM KCl,
1.5 mM MgCl2 and 0.001% gelatin). PCR consisted of 40 cycles
of denaturation for 45 s at 94°C, annealing for 45 s at 60°C and
strand elongation for 45 s at 72°C. The amplified exon of the Gsα
gene was screened by single-strand conformation polymorphism
(SSCP) analysis using 3 µl PCR product in sample-denaturing
buffer (99% formamide, 5 mM Tris-HCl, 0.5 mM EDTA, 0.05%
xylene cyanol and 0.05% bromophenol blue). After denaturation
at 95°C for 10 min, the samples were loaded onto a precast poly-
acrylamide ready-to-run gel (GeneGel Excel 12.5/24, Pharmacia
Biotech, Uppsala, Sweden) and kept at 15°C for 90 min with a
Peltier temperature-regulated electrophoresis unit (GenePhor,
Pharmacia Biotech). To visualize nucleic acids in the gel, a silver
staining kit (Bio-Rad, Hercules, Calif.) was used. Aberrant bands
were excised using a clean scalpel blade, and PCR products ex-
tracted from the removed bands were reamplified using Taq DNA
polymerase (AmpliTaq Gold, Perkin-Elmer, Norwald, Conn.) un-
der the same conditions as described above for the initial amplifi-
cation. To confirm the mutation, the PCR products were cloned in-
to a pCR2.1 vector (Invitrogen, San Diego, Calif.) by TA ligation
and sequenced using an automated sequencer (ALFexpress,
Pharmacia Biotech, Uppsala, Sweden).

Results

Microscopically, all the six IMs were composed of
sparsely distributed bland spindle or stellate cells in an
abundant myxoid matrix, but the vasculature was poor
(Fig. 1A). The histological features of all bone lesions in
this study were characteristic of fibrous dysplasia, con-
sisting of woven bone separated by fibrous tissue (Fig.
1B). Each of the 12 samples yielded one major band of
the predicted size for exon 8 of the Gsα gene (115 bp).
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Table 1 Summary of clinical
details and mutation analyses
in samples of intramuscular
myxoma and fibrous dysplasia
of bone (IM intramuscular
myxoma, FD fibrous dysplasia,
MAS McCune-Albright
syndrome)

Sample no. Age (years)/sex Site Special features Gsα mutation

IM in FD+IM
1 42/F Upper arm, thigh, =Sample 7 Arg→His

abdominal wall +MAS
2 46/F Bilateral, thighs +Polyostotic FD Arg→His
3 70/F Buttock +Polyostotic FD Arg→Cys

IM without FD
4 68/F Thigh Arg→His
5 63/F Lower leg Arg→Cys
6 78/F Buttock not done

FD in FD+IM
7 42/F Clavicle (skull, =Sample 1 Arg→His

humerus) +MAS

FD without IM
8 37/F Femur Arg→His
9 65/M Rib Arg→His

10 30/M Rib Arg→Cys
11 35/M Humerus Arg→Cys
12 27/F Femur Arg→His



The SSCP analysis using the PCR products disclosed ab-
errant bands in 5 of the 6 IMs (3 with FD, 2 without FD)
and all of the 6 FDs (1 with IM, 5 without IM; Fig. 2).
Subsequent determination of the sequences showed mis-
sense mutation at codon 201 in exon 8 of the Gsα gene
as follows: 3 of 6 IMs and 4 of 6 FDs, G–A transitions
(Arg to His); 2 of 6 IMs and 2 of 6 FDs, C–T transitions
(Arg to Cys) (Fig. 3). In the case with MAS, the same
Gsα mutation (Arg to His) was detected in both the IM
(sample 1) and the FD (sample 7). There was the same

Gsα mutation in each lesion of the multiple IMs in two
cases (samples 1 and 2). The result of each sample is
shown in Table 1. By SSCP analysis it was seen that
there were no aberrant banding patterns in the breast
cancer, lymph nodes and peripheral blood of the patient
with MAS and other soft tissue myxoid tumors.

Discussion

IM is a rare benign soft tissue tumor of unknown origin
[7]. Although the association of soft tissue myxoma with
osteitis fibrosa was first described by Henschen in 1926
[11], Mazabraud et al., in reporting their second case in
1967, emphasized that the association of IM with FD was
occasionally accompanied by some contexts of MAS, and
this was not purely a coincidence but a particular form of
FD [15]. To our knowledge, only 35 cases of Mazab-
raud’s syndrome have been reported in the literature [3].
The implication of the association of IM with FD has not
been made clear. Some authors have speculated the possi-
bility of an underlying localized metabolic error in both
tissues [30]. Recent molecular analyses have suggested
that mutations of Gsα protein are implicated in the devel-
opment of multiple endocrinopathies of MAS, and possi-
bly in the development of FD of bone [5, 16, 19, 21–23,
28]. Therefore, we hypothesized that the same mutations
might be also responsible for the development of IM.
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Fig. 1A, B Histological features of intramuscular myxoma and
fibrous dysplasia of bone in a patient with McCune-Albright
syndrome. A intramuscular myxoma showing the paucity of both
constituent spindle or stellate cells and vasculature, and an
abundance of mucoid material. B Fibrous dysplasia of the clavicle
displaying irregular trabeculae of woven bone separated by
fibrous tissue

Fig. 2 Single-strand conformation polymorphism analysis of exon
8 of the Gsα gene. Aberrant bands are seen in 11 of 13 lanes, that
is, not in lanes 6 and PB. The numbers of the lanes are identical to
the sample numbers in Table 1 (PB normal peripheral blood
mononuclear cells, i.e. controls)

Fig. 3 Representative examples of sequences of PCR-amplified
DNA extracted from aberrant bands by SSCP. G-to-A mutation
(A) and C-to-T mutation (B), encoding Arg201, are underlined



The PCR-SSCP analysis in this study indicates that
Arg201 mutations of Gsα gene that have been reported
in FD are also detected in IM. In the case with MAS, the
Gsα mutations were detected both in IM and FD, where-
as aberrant bands could not be recognized by this tech-
nique in the specimens from the breast cancer and from
the lymph nodes and peripheral blood of the patient con-
cerned, showing that the mutant gene was present in
much higher abundance in IM and FD than in the other
tissues examined. Furthermore, the Gsα mutations were
detected in IM without FD. Therefore, the activating
Gsα mutations may play an important part in the devel-
opment of the lesion of IM not only in MAS / Mazab-
raud’s syndrome but also in isolated IM without FD. The
results also suggest that IM may be one of the disorders
caused by abnormal Gsα protein.

Shenker et al. explained that the Gsα mutation might
occur early in embryogenesis and give rise to the wide-
spread abnormalities in MAS, whereas the mutation later
in life appears to be the basis of restricted tissue disor-
ders, including functioning pituitary adenomas, thyroid
adenomas and polyostotic or monostotic FD [23]. That
means the diversity in the clinical findings of disorders
caused by the Gsα mutation lies at the site and time when
the mutation occurs during development. Wirth et al.
pointed out that IM in a patient with Mazabraud’s syn-
drome was first noticed years or even decades later than
FD [30]. We speculate that the mutation may be a later
event in IM than in FD. In addition, because IM is almost
always multiple in Mazabraud’s syndrome, the mutation-
bearing cells in an organ of the skeletal muscle are proba-
bly distributed in mosaic as well as in café-au-lait pig-
mentation in the skin, and as polyostotic FD in the bone.

Yamamoto et al. demonstrated that intracellular
cAMP content and IL-6 secretion by cultured cells iso-
lated from FDs of MAS patients were increased, and
suggested that increased IL-6 induced by the decrease in
GTPase activity and the constitutive increase in cAMP
content due to the abnormal Gsα protein led to an in-
creased number of osteoclasts, resulting in excessive
bone resorption [31]. They speculated that the increased
IL-6 had a pathogenic role in FD of MAS patients. Re-
cently, Marie et al. reported that cell proliferation evalu-
ated by DNA synthesis was greater and cell differentia-
tion by the synthesis of osteocalcin, which is a marker
for mature osteoblasts, was poorer in the mutation-bear-
ing osteoblastic cells isolated from FD than in normal
cells isolated from a nonaffected bony area in the same
patient [14]. Riminucci et al. documented that the woven
bone of FD in MAS contained an abnormal complement
of bone matrix proteins, which enriched anti-adhesion
molecules (versican and osteonectin) and reduced pro-
adhesive molecules (osteopontin and bone sialoprotein)
[16]. Also, Candeliere et al. showed that c-fos proto-on-
cogene containing a functional cAMP response element
and its protein are overexpressed in FD [4]. Thus, the da-
ta gleaned from these recent observations have clarified
the nature of FD. Some investigators described how un-
derstanding of the pathogenesis of FD could provide a

new strategy for the therapy of FD [25, 31]. Although
the mechanism of tumorigenesis is still unclear, it is like-
ly that the Gsα mutation in IM provides abnormal cell
proliferation and differentiation in primitive mesenchy-
mal cells, including a mucin-secreting activity or expres-
sion of another oncogene concerned transcription.

None of the other soft tissue myxoid tumors investi-
gated by the SSCP assay in our study, which included
myxoid liposarcoma, myxoid malignant fibrous histiocy-
toma, extraskeletal myxoid chondrosarcma, low-grade
fibromyxoid sarcoma, nerve sheath myxoma and ossify-
ing fibromyxoid tumor of soft parts, exhibited aberrant
bands. This result suggests that the Gsα mutation is
highly specific for IM. Boson et al. demonstrated that no
Gsα mutation was detected in sporadic odontogenic
myxomas and concluded that the mutation was rarely, if
ever, associated with such tumorigenesis [2]. Their ob-
servations may indicate that the pathogenesis of IM is
different from that of odontogenic myxoma.

A variety of techniques for detection of the Gsα mu-
tations in tissues of MAS and FD have been designed,
such as allele-specific oligonucleotide hybridization [21,
22, 32], direct sequencing of PCR products [29], dena-
turing gradient gel electrophoresis [2, 16], allele-specific
PCR [17] and allele-specific restriction analysis [4, 13]
and its modification [5]. In this study, we adopted PCR-
SSCP assay for selective amplification of the mutant
gene, because the number of mutation-bearing cells was
expected to be small. In addition, reamplification using
DNA template screened by SSCP achieved sequential
enrichment of the mutant gene. The reason why the aber-
rant band in one of the 6 IMs in the current study could
not be detected by the PCR-SSCP may be that SSCP is
inherently unable to always detect the mutation from the
PCR products, because the sensitivity for detecting the
point mutation in PCR products of less than 200 bp by
SSCP was reported to be 70–95% [10, 20]. We believe,
however, that the PCR-SSCP assay is a convenient and
reliable tool for the study of the Arg201 mutations in the
Gsα gene.

In conclusion, the results of this study emphasize that
the Arg201 mutations of the Gsα gene exist in IMs
whether or not they are associated with FD, and suggest
that the mutations may play an important part in tumori-
genesis in IM as well as of FD.
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