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/’Abstract
Introduction: McCune Albright syndrome (MAS) is a rare disorder classically defined by the triad polyostotic fibrous dysplasia (FD), café-au-
lait pigmentation of the skin and precocious puberty (PP). Other endocrinopathies can be associated with MAS and nonendocrine tissues
such as breast may be involved.

Case report. A 56-year-old woman was referred to our institution 20 years ago to treat a fast-growing infiltrative and ulcerative breast lesion,
suspected as malignant. It was prompt operated and the 7 cm-tumor was classified as a bening “breast tubular adenoma”. From the anamne-
sis it was evident café-au-/ait spots (present soon after birth) and multiple osteoarticular manifestations from the age of 13: pain and function-
al impotency of the left limb, past femoral fracture, kyphoscoliosis and facial asymmetry. The patient had also episodes of tachydysrhythmias.
Laboratorial tests revealed hypophosphatemia, hyperphosphaturia, elevation of serum bone markers and primary hyperthyroidism. The imag-
ing studies showed multiple FD areas and several bone deformities. The most frequent GNAS somatic mutation was not detected in four
different types of tissue studied. The patient was managed with bisphosphonates, calcitriol and oral phosphate, with significant improvement.
The hyperthyroidism was treated with radioiodine.

Discussion: We reported a MAS case with multiple endocrine and non-endocrine disease manifestations. The osseous disease is commonly
the most prominent feature. Our patient had a unique fast-growing and infiltrative breast benign neoplasia, emphasizing the possible associa-
tion of breast disorders in this setting. Genetic testing, not routinely available, may contribute little to the diagnosis and to the patient manage-
ment.
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Introduction

McCune Albright syndrome (MAS) is a rare disorder (the estimated
prevalence ranges between 1/100.000 and 1/1.000.000 [1]) first
reported in 1937 by McCune and shortly thereafter by Albright [2,3].
It is classically defined by the triad polyostotic fibrous dysplasia
(FD), café-au-lait pigmentation of the skin and precocious puberty
(PP). Later, it was recognized that other endocrinopathies can be
associated with MAS like hyperthyroidism, growth hormone (GH)
excess, Cushing syndrome, renal phosphate wasting and hy-
perparathyroidism, as well as nonendocrine organs disorders [4,5].
Those can occur alone or in combination and encompass a wide
range of severity [6].

Activating mutations in the guanine-nucleotide binding protein (G-
protein) a-subunit (Gsa) that stimulates adenylate cyclase have
been confirmed as the molecular cause of MAS [1-4]. These muta-
tions are almost always a substitution of the residue arginine at

position 201 by histidine or cysteine. The variable involvement of
endocrine glands, the sporadic occurrence of this syndrome and the
characteristic pattern of bone and skin lesions, which follows lines
of embryologic development, are all in accordance with the mosaic
distribution of abnormal cells due to the post-zygotic occurrence of
the GNAS mutation [7]. Since these activating mutations occur in a
mosaic distribution, a method that can detect even a low number of
mutant alleles is required. Thus, several PCR based methods for
mutational analyses have been reported [8-11].

As mentioned, nonendocrine systems such as liver, pancreas, heart
or breast may be involved. Although less commonly, it is important
to identify these disorders, because some may compromise the
prognosis of these patients. Breast cancer has been described in
MAS patients [12,13] and must be excluded when a breast lesion is
detected. We report a surprising benign breast tumor, thought as
malignant from its behavior, in a MAS patient with multiple endo-
crine and nonendocrine manifestations.
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Case Report

We present a 56-year-old caucasian woman, referred to our institu-
tion 20 years ago because of a suspicious breast lesion. The sud-
den onset within 2 weeks and the fast and infiltrative growth rose
concerning of this lesion as malignant. The breast lesion was local-
ized in the upper and lower quadrants of the right breast, involving
the nipple and prolonging to the axillary area, associated with an
intense pain and inflammatory signs [Fig-1a]. Surgery was prompt
performed and the histopathological examination revealed a “7-cm
multinodular tumor, with papillary, tubular and cystic areas. Some
stromal myoepithelial cells and extense solid groups of apocrine
cells were present, but no mitoses or necrotic areas were visual-
ized”. This lesion was classified as a “breast tubular adenoma” by
the pathologist.

Fig. 1- Clinical features of the patient: (a) breast lesion localized in
the upper and lower quadrants of the right breast; (b) lateral view of
the patient where is evident the kyphoscoliosis; (¢) café-au-lait
spots in the left leg; (d) café-au-lait spots in buttock area (no re-
spect of midline).

From the anamnesis it was noticeable pain and functional impoten-
cy of the left inferior limb at 13 years-old, sporadic facial pain and a
femoral fracture by the age of 33 (bone biopsy documented FD).
Concomitantly, facial asymmetry and kyphoscoliosis were known
from the age of 18 and worsened progressively [Fig-1b]. There was
no evidence of PP (menarche at age 13 and thelarche and pubar-
che at age 12). On examination it was seen large café-au-lait spots
(present soon after birth) [Fig-1c] and [Fig-1d]. The patient had also
episodes of tachydysrhythmias (later confirmed as a result of hyper-
thyroidism). No other past diseases or relevant family history was
recognized. On a clinical basis, diagnosis of MAS was established.

Fig. 2- Skeletal radiographs of the patient: (a & b) skull “ground
glass” lesions; (¢ & d) kyphoscoliosis; (e) ground grass and cystic
lesions, with thinning of cortical bone of left arm; (f) pelvic bones
and right femur (post-operatory status; “shepherd’s crook” deformity
is visible); (g) FD lesions affecting the right hand bones.

Biochemically, blood count, coagulation, creatinine, sodium, potas-
sium, calcium, D vitamin and PTH were within normal range. Renal
phosphate wasting was identified by hypophosphatemia (1.7 mg/dL
(normal range: 2.3-4.7)) and hyperphosphaturia (1600 mg/24h
(normal range: 400-1300)). Elevated bone markers confirmed high
turnover (increased alkaline phosphatase(ALP)=596 IU/L (normal
reference; 44-150), 85% correspondent to bone fraction (normal <
30%)). The patient was treated with bisphosphonates, calcitriol and
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oral phosphate, referring significant improvement. Currently, the
bone disease is clinically asymptomatic. The patient had also a
persistent cholestatic liver pattern (high yGT, ranging from 400-
500IU/L (normal range:12-64)). At 44 years-old the patient under-
went laparoscopic cholecystectomy due to biliary lithiasis.

Hormonal analysis detected primary hyperthyroidism
(TSH<0.02uUl/mL (0.34-5.6); free-T4 = 2.25ng/dL (0.61-1.12); FT3
=4.1pg/mL (2.5-3.9); TSH-receptor antibody and anti-thyroid perox-
idase antibody were negative). It was excluded excess of GH, pro-
lactin or cortisol. Thyroid scintigraphy was performed showing dif-
fuse hyperfunctioning gland. Thyroid ultrasound revealed multinod-
ular goiter, two of them with a benign cytology. The hyperthyroidism
was successfully treated with radioiodine.

The imaging studies showed a remarkable bone disease. Radio
graphically, it was visible multiple FD areas, with heterogeneous
bone texture including “ground glass” lesions, several cystic and
lucent spaces [Fig-2a], [Fig-2b], [Fig-2e], [Fig-2g]. Kyphoscoliosis
[Fig-2c] and [Fig-2d] and several bone deformities [Fig-2f] were also
visualized. Bone scintigraphy staged the FD bone involvement [Fig-
3]. CT scans and the spine MRI showed FD bone lesions involving
skull bones and the vertebral column [Fig-4]. Cardiovascular evalu-
ation showed complete left bundle branch block and dissinergic
movement of interventricular septum.
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Fig. 3- Bone scintigraphy staging FD disease, with the tracer accu-
mulation noticed in: (a) inferior limbs; (b) pelvic bones, femur heads
and right hand; ¢) right fronto-parietal skull bones (posterior image);
(c, d & e) ribs and spine; (e) right arm.

Four different tissue samples from our case were available for ge-
netic testing. Thus, DNA was extracted from peripheral blood leuko-
cytes, epithelial cells from buccal swab, paraffin-embedded breast
adenoma and fresh skin biopsy (café-au-lait lesion) using standard
methods. In order to detect the Arg201 GNAS mutation we chose
the method based on the use of a restriction endonuclease diges-
tion with nested PCR to selectively digest the wild-type allele [9].
The principle is based on the use of a modified primer to obtain a
PCR product from normal DNA that can be digested by a restriction

enzyme (Eagl), whereas the PCR product obtained from mutated
DNA is resistant to this enzyme. PCR amplification to introduce a
site-directed mutation was performed first (sense primer: TTTTGTT
TCAGGACCTGCTTCGCGGC; antisense primer: AAGCGTTCTTA
CGAAC AGCCAAGC). Atter the site directed mutagenesis step, the
PCR product was treated with Eagl (New England Biolabs, Beverly,
MA, USA) prior to further amplification. Digestion was carried out in
a 10 ml reaction composed of 1 ml NEB3 10x buffer, 5 ml PCR
product, 2 ml endonuclease (10 U/ml), and 2 ml water at 37°C over-
night. Successive PCR and enzyme digestion steps result in an
enrichment of the mutated allele. The sense and antisense primers
were those described by Candeliere [9] (second step antisense
primer: ACAGCCAAGCCCACAGCATCCTAG; third antisense pri-
mer: GGTTATTCCAGAGGGACTGGGGTGAA). Two successive
steps of PCR and digestion were used in this study to limit the risk
of contamination due to the nested PCR. After purification, the final
PCR products were sequenced with the internal antisense primer.
No somatic mutation was detected in the four different types of
tissue studied.

Fig. 4- CT scan and spine MRI images of the patient showing re-
markable polyostotic FD lesions
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Discussion

FD accompanied by extraskeletal manifestations that can include
any combination of skin café-au-fait spots, hyperfunctioning endo-
crinopathies, as well as less common systemical findings is known
as MAS. The lack of vertical transmission of disease, the broad
spectrum of involved tissues and the unpredictable combination of
features is explained by the mosaic distribution of abnormal cells.
The hyperpigmentation distribution following “Blaschko lines” (dorso
-ventral outgrowths of separate populations during embryogenesis)
supports the mosaicism theory, as well. MAS is not heritable,
strengthening the argument that the mutation is lethal to the zygote
[7,14]. The moment in development at which it occurs and to where
its progeny migrate, determines what tissues will be affected and
explains the variety in the clinical manifestation [15].

FD is a fibroosseous skeletal disorder with a broad spectrum of
severity and corresponds to the most frequent finding in MAS. Ini-
tially, it was identified as distinct entity in association with skin spots
and hyperfunctioning endocrinopathies by Donovan McCune and
Fuller Albright [2,3]. Lichtenstein and Jaffe were the first ones de-
scribing the spectrum of clinical, radiographic and histological find-
ings of FD [16,17]. In general, FD exists in 3 forms: monostotic
(70%), polyostotic (27%) and polyostotic in MAS context (3%) [18].
FD lesions are typically found in the long bones of extremities, ribs
and craniofacial bones and rarely in hands, feet or spine. These
lesions may be asymptomatic but often lead to bone deformity,
pain, fractures or cranial nerve compression [4]. Craniofacial and
appendicular FD lesions tend to slow or stop their progression after
skeletal maturation (except in cases with GH excess) [19]. The
fracture incidence reaches the peak between 6 and 10 years of age
and declines thereafter [20].

FD lesions are composed mainly of fibrous tissue that originates in
the medullary cavity and expands concentrically outward into the
surrounding cortical bone through osteoclasts activity. Most of the
cells are immature mesenchymal cells expressing ALP and other
osteoblast-specific-proteins. Elevated cAMP may stimulate the pro-
liferation and inhibit the differentiation of osteogenic precursors
leading to FD [4,19]. Malignant or sarcomatous transformation of
FD is a rare complication (1% or less) [19]. Some endocrine dys-
functions concomitant in MAS may negatively impact in FD lesions:
PP can lead to extremely short stature with bone bowing; GH ex-
cess can stimulate bone and FD lesions growth; hyperparathyroid-
ism can increase the bone turnover; renal phosphate wasting and
hypophosphatemia impair the normal bone mineralization [19-21].
Radiographs, bone scans, CT scan and MRI are useful imaging
exams for FD [22]. The only medications that have shown any effi-
cacy in treating FD were the bisphosponates [19].

Café-au-lait spots comprise another of the major hallmarks and are
typically the first manifestation of MAS, usually appearing either at
or shortly after birth, unilaterally and not crossing the midline [5,23].
These spots result of gsp-bearing melanocytes in which the muta-
tion brings cAMP-mediated tyrosinase gene activation and melanin
production [5].

The third facet of MAS is the endocrinopathies, from which the PP
is predominant, especially in girls. The first sign of sexual precocity
in females is premature menses, sometimes in the first months of
life, accompanied or not by development of breast tissue or pubic
hair. Usually females undergo normal development during adoles-
cence and have normal reproduction function in adult life [1,4]. PP
is biochemically defined by elevated estradiol and suppressed gon-

adotropins, before 8 years old [24].

Thyroid disease is the second most common endocrinopathy in
MAS. The mutation of the Gsa membrane-associated protein gene,
that mediates the TSH-induced adenyl cyclase, leads to cAMP
overproduction, hormonal secretion and growth of thyrocytes [25].
Additionally, this mutations result in increased thyroxine to triiodo-
thyronine (T3) conversion, which responds for the T3-dominant
biochemical phenotype that MAS hyperthyroidism normally have
[26]. Hyperthyroidism with or without goiter in MAS is common and
should be treat definitively with radioiodine or surgery. Some au-
thors suggested radioiodine as the appropriate treatment because
hyperthyroidism is very likely to recur after withdrawal of antithyroid
medication and the surgery in these patients is often limited due to
the skeletal disease [25].

Hyperphosphaturic hypophosphatemia is present in almost 50% of
MAS patients. It has been postulated that hyperphosphaturia is due
to the overproduction of a phosphaturic factor (FGF-23) from FD
tissue [21]. Hypophosphatemia is only seen in patients with signifi-
cant skeletal burden of FD and unlike many extraskeletal manifesta-
tions, renal phosphate wasting can spontaneously resolve [5].
Treatment may involve the use of phosphate and active vitamin D
[5].

Our patient had all the features so far described, except of PP. Oth-
er endocrine abnormalities, not present in our patient, can be seen
in MAS patients such as Cushing syndrome [27], excess of GH [28],
hyperparathyroidism and prolactinomas [4]. Treatment is similar to
the standard care for patients with these individual diseases [18].

Although the abnormalities in MAS are generally restricted to bone,
skin and endocrine organs, nonendocrine organs may be affected,
including liver, breast, heart, thymus, spleen, brain and gastrointes-
tinal tract [5].

Hepatobiliary dysfunction is included in the nonendocrine abnormal-
ities, and although it appears to be a rare manifestation, severe
neonatal jaundice, persistent elevated serum liver enzymes and
liver cirrhosis have been describe alone or in combination. The
mentioned activating mutation has been isolated in liver tissue of
affected patients and is thought to play a role in the pathogenesis of
cholestasis, possibly by interfering with normal biliary excretion by
the liver cell. The defect may lie at hepatocyte and/or biliary canalic-
ular membrane level [29]. Our patient had persistently a cholestatic
pattern in blood tests and underwent cholecystectomy due to biliary
lithiasis.

There are several cardiac abnormalities that have been reported in
MAS including sudden death, tachycardia, heart failure and aortic
roof dilatation [5]. None of them were seen in our patient, but a
complete left bundle branch block was noticed conditioning a diss-
inergic movement of interventricular septum.

The most remarkable feature of our patient was the sudden-onset
of a fast-growing and infiltrative benign breast tumor, behavioring as
malignant, at the age of 36 in a patient with no familial history of
breast cancer. To our knowledge, it is not yet described in the litera-
ture a benign breast tumor with this clinical presentation in MAS.
However, two cases of breast cancer are reported in MAS patients
[12,13]. In both, the women had PP and since prolonged estrogen
exposure which constitute an isolated risk factor for breast cancer.
The authors highlight the need for evaluation of breast tissue in
MAS patients. Other oncological diseases has been identified in
MAS patients like malignant transformation of FD, testicular or thy-
roid cancer [1,5,30].
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Other nonendocrine disorders can be present in MAS patients, such
as platelet dysfunction, gastrointestinal reflux, gastrointestinal
polyps, idiopathic pancreatitis and neuropsychiatric disorders [5].
None were found in our patient.

Genetic testing is possible, but not routinely available. In most cas-
es, genetic testing contributes little to the diagnosis or to the patient
management (there is no genotype/phenotype correlation). Be-
cause of the somatic mosaic nature of the disease, a negative re-
sult from available (but unaffected) tissues does not exclude the
presence of the mutation [31]. For example, the involvement of
blood in the disease process is indirect and the presence of cells
bearing the mutation can be extremely low. In a meta-analysis
study [32] GNAS mutations were detected in 71.9% of overall cas-
es. In our case, we used a previously described, highly sensitive
PCR based technique that allows the selective enrichment of mutat-
ed DNA [9], but no somatic mutation was detected in the four differ-
ent types of tissue studied. Nevertheless, nested PCR remains the
most sensitive technique, especially for the incomplete and atypical
forms of MAS [33]. Despite a highly sensitive detection method,
some samples may remain negative. Mutated cells may be confined
to only specific loci in the affected tissue, and some breast or skin
samples, for example, will be negative if the biopsy has missed
these loci [32,33].

We report a MAS case with multiple endocrine and nonendocrine
manifestations. The osseous disease is commonly the most promi-
nent feature. Our patient had a unique fast-growing benign breast
neoplasia, emphasizing the possible association of breast disease
with MAS and the importance of ruling out breast disorders in this
setting. Genetic testing contributes little to the diagnosis and to the
management because of the somatic mosaic nature of MAS.
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