
Introduction 

Pseudohypoparathyroidism (PHP) is a heteroge-
neous group of disorders whose common feature is pa-
rathyroid hormone resistance (PTH). It is generally
classified as types Ia, Ib, Ic, and II according to diffe-
rent phenotypes and pathogenesis (2). Albright’s here-
ditary osteodystrophy (AHO) is a syndrome characte-
rized by several distinct physical features, including
short stature, obesity, round facies, subcutaneous ossi-
fications, brachydactyly, and other skeletal anomalies
(2). Some patients have mental retardation. AHO is
often associated with pseudohypoparathyoidism, hy-
pocalcemia, and elevated PTH levels (PHP Ia). Pa-
tients with pseudopseudohypoparathyroidism (PPHP)
have normal calcium metabolism and PTH levels with

isolated AHO (3, 4). Mutations of the GNAS1 gene,
which is located on chromosome 20q13-11 and enco-
des the α-subunit of the stimulatory GTP-binding
protein, have been identified in patients with pseu-
dohypoparathyroidism type Ia (PHP1a) and pseudo-
pseudohypoparathyroidism (PPHP) (5-9). Both auto-
somal dominant inherited disorders can occur in the
same family. It has been recognized that in the case of
maternal trasmission the children develop PHP1a; on
the other hand, if the mutation is derived from the
father, the children develop PPHP. This parental ori-
gin effect has led to the suggestion of Gsα imprinting
(10). The coding region of the human Gsα gene
GNAS1 is divided into 13 exons; however, additional
exons and alternative splicing products have been de-
scribed. During the last years around 35 different inac-
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tivating mutations in the GNAS1 gene have been
identified in patients with AHO and PHP or PPHP
(6-9). This case report describes a patient with a novel
mutation of GNAS1, resulting in the nonsense muta-
tion of exon 13 (CAG→TAG, codon 384). This result
expands the spectrum of GNAS1 mutations associated
with this disorder.

Clinical report

The patient was born at the 40th week of gestation
from healthy non-consanguineous parents (19 year-
old mother and 20 year-old father). In the family the-
re was no record of hypocalcemia and brachydactyly)
The pregnancy was unremarkable without known ex-
posure to potential teratogens. The fetal movements
were normal. The patient was born by vaginal delivery
with a birth weight of 3420 g. Apgar scores were 3 and
7 at 1 and 5 minutes, respectively. She was admitted to
the Neonatological Intensive Care Unit for 5 days.
The psychomotor development was normal. Her first
tooth appeared at the age of twelve months. She was
referred to us because of seizures brought on by hypo-
calcaemia.

Laboratory tests on admission revealed hypocal-
caemia (5.7 mg/dl) with ionized calcium 0,1 mmol/l,
hyperphosphatemia (9.3 mg/dl) and elevated serum
parathyroid hormone (PTH) level (415 pg/ml). She
had hypothyroidism : FT3 3.6 pg/ml, FT4 9,2 pg/ml,
TSH 14.18 microU/ml. Investigations including 25-
0H Vitamin D, calcitonin, urinary phosphate, urinary
calcium, AGA, EMA, tTG, anti-tyreoglobuline anti-
bodies, anti-peroxidase antibodies and FISH analysis
for 22q11.2 deletion were all normal. Her ophthalmo-
logic evaluation, ECG, abdominal ultrasound, thyroid
ultrasound and EEG were also all normal.

On examination (Fig. 1) her head circumference
was 50 cm (50th centile), height 96 cm (10th centile),
weight 17.200 Kg (75th centile), total right hand
length 11 cm (25th-50th centile), palm length 6 cm, to-
tal left hand length 10,1 cm (25th-50th centile), palm
length 6 cm. Pubertal development (Tanner) was
A0P1B1. She had round face, horizontal palpebral fis-
sures, posteriorly rotated ears, brachydactyly type E
(IV and V metacarpals) and genu valgum.

The skeletal survey showed normal bone age,
brachydactyly, short metacarpals, especially 4th and 5th

and osteoporosis. Cranial CT scan demonstrated ba-
sal ganglion calcification. We considered these clinical
findings sufficient for the diagnosis of Albrigh’s here-
ditary osteodystrophy (Pseudohypoparathyroidism ty-

Figure 1. Craniofacial phenotype

Figure 2. Hand
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pe Ia OMIM 103580) (2). Genomic DNA was ex-
tracted with phenol-chloroform method from her pe-
ripheral blood leucocytes (Nucleon-Amersham Life
Science, England). The Gsa gene (exons 1-13, Gen-
Bank accession no.AH002748) was then amplified by
polymerase chain reaction (PCR) using the specific
primers previously decribed (6). Direct sequencing of
the amplified fragments was then performed using the
AmpliTaq BigDye Terminator kit and 310 Genetic
Analyzer (Perkin Elmer Corp., Applied Biosystems,
Foster City, CA). By this approach, we have identified
a novel, never described mutation in the GNAS1 ge-
ne: this was a heterozygous non-sense mutation in
exon 13: CAG→TAG codon 384 (Fig. 3).

The girl started intravenous calcium and subse-
quently oral and thyroxin treatment; milk intake was
reduced and dairy products eliminated from her diet.
Four months after diagnosis calcium levels and thy-
roid function returned to normality and plasma pho-
sphorus was within acceptable levels.

Discussion 

The main clinical features of our patient include:
• Late dental development
• Phenotype characterized by round face, slight

type E brachydactyly, genu valgum 
• Seizures due to hypocalcaemia and hyper-pho-

sphatemia 
• Significant increase of PTH: 415 pg/ml 
• Hypothyroidism
• Brain calcifications 

The clinical features aforementioned brought us
to suspect this condition, which must be taken into
consideration in the differential diagnosis of hypocal-
caemia. Furthermore our case presents particular inte-
rest since the detected mutation is unknown in scien-
tific literature and causes a precocious stop-codon, gi-
ving rise to a truncated protein. The type 1a Pseu-
dohypoparathyroidism (PHP 1a) is caused by a defect
of α sub-unit of Gs i.e. stimulatory guanine nucleoti-
de-binding protein of adenylate cyclase (5). The gene
for the α sub-unit of Gs (GNAS1) has been mapped
on the long arm of chromosome 20 and contains 13
exons. Mutations have been localized in the entire co-
ding region of the gene, each mutation being usually
associated to a single kindred. All exons can be affec-
ted by alterations that cause loss of function, with the
exception of exon 3, where no mutations have been
detected to date. The activity of the G unit is 50% in
PHP 1a and 100% in PHP 1b. AHO clinical manife-
stations can be differentiated by the presence (PHP1a
and PHP1c) or absence (PHP1b) of resistance to hor-
mones other than PTH that act via Gs coupled recep-
tors, such as TSH and gonadotropins (7) (Tab. 1). All
cases of PHP1a, PHP1b and PHP1c have renal resi-
stance at PTH, but thyroid resistance at TSH, liver re-
sistance at the glucagons and gonadic dysfunction
which may be observed in most cases of PHP 1a are
very rare in PHP 1b.

In patients in whom the activity of the Gs protein
has been determined, 9 out of 14 patients with PHP
1a and none of the 11 patients with PHP 1b had men-
tal retardation (12). The published cases of Albright’s
hereditary osteodystrophy show a marked excess of
maternal trasmission. Furthermore the full expression
of the gene (Albright’s osteodystrophy plus hormonal
resistance) is evident in the maternally transmitted ca-
ses, while only a partial expression is observed in the

Figure 3. Mutation analysis

Table 1. Pseudohypoparathyroidism classification (from Lamia
et al., 2001)

AHO Hormone resistance GNAS1 defect

PHP1a Yes Multiple Yes
PPHP Yes None Yes
PHP1b No PTH Yes
PHP1c Yes Multiple No
PHPII No PTH No
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paternally transmitted ones (10). These observations
provide evidence that the variable and tissue-specific
hormone resistance observed in PHP Ia may result
from tissue-specific imprinting of the GNAS1 gene.
However the involvement of genomic imprinting has
not yet been demonstrated (13). It is important to
carry out the molecular analysis in the parents, parti-
cularly in the mother (6-9). We conclude that mole-
cular analysis of GNAS1 can be a valuable tool in con-
firming the diagnosis of AHO.
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