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Faciogenital dysplasia or Aarskog—Scott syndrome (AAS) is a genetically heterogeneous developmental
disorder. The X-linked form of AAS has been ascribed to mutations in the FGD1 gene. However, although
AAS may be considered as a relatively frequent clinical diagnosis, mutations have been established in few
patients. Genetic heterogeneity and the clinical overlap with a number of other syndromes might explain
this discrepancy. In this study, we have conducted a single-strand conformation polymorphism (SSCP)
analysis of the entire coding region of FGD1 in 46 AAS patients and identified eight novel mutations,
including one insertion, four deletions and three missense mutations (19.56% detection rate). One
mutation (528insC) was found in two independent families. The mutations are scattered all along the
coding sequence. Phenotypically, all affected males present with the characteristic AAS phenotype. FGD1
mutations were not associated with severe mental retardation. However, neuropsychiatric disorders,
mainly behavioural and learning problems in childhood, were observed in five out of 12 mutated
individuals. The current study provides further evidence that mutations of FGD1 may cause AAS and
expands the spectrum of disease-causing mutations. The importance of considering the
neuropsychological phenotype of AAS patients is discussed.
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Introduction
Faciogenital dysplasia or Aarskog—Scott syndrome (AAS) is
an inherited condition phenotypically characterised by
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distinct craniofacial dysmorphism (hypertelorism, down-
slanting palpebral fissures), brachydactyly, urogenital ab-
normalities and disproportionate acromelic short stature.
It was first described as a distinct disorder by Aarskog® in
1970 and further delineated by Scott® in 1971. The gene
responsible for the X-linked form (MIM#305400), FGD1,
was identified and characterised by positional cloning in
a family in which the phenotype was associated with a



balanced X-autosome translocation.> The FGD1 gene
encodes a guanine nucleotide exchange factor (GEF) for
members of the Rho/Rac family of small GTP-binding
proteins, binding specifically to the Rho GTPase Cdc42 and
stimulating the GDP-GTP exchange of the isoprenylated
form of Cdc42.* Studies suggest that an FGD1/Cdc42
signalling pathway is involved in the cytoskeletal organisa-
tion and, ultimately, in the skeletal formation and
morphogenesis.®

In the past, the clinical diagnosis of AAS has been made
in a relatively large number of males based on the clinical
dysmorphological findings. However, although recent
studies have successfully demonstrated the feasibility of
molecular diagnosis, to date only a limited number of
mutations have been reported in AAS patients®~® (Table 1).
The genetic heterogeneity of the disorder and the over-
lapping clinical features of AAS with other unrelated
conditions might explain this discrepancy. In addition to
X-linked inheritance, there are various reports in which the
family findings are compatible with autosomal-dominant’
(MIM#100050) or autosomal-recessive inheritance'®
(MIM#227330). Furthermore, syndromes that are known
to be genetically different, such as Noonan'’s syndrome,
Short’s syndrome, pseudohypoparathyroidism and
Robinow’s syndrome, present a considerable phenotypic
overlap with AAS. Consequently, clinically based epide-
miological studies that estimate a high prevalence of AAS
need to be considered with caution as diagnostic confusion
could account for ascertainment bias.!! In addition, it has
been reported that some degree of cognitive impairment
may be as high as 30% in the AAS subjects,'? while other
studies reject the association with mental handicap.'® As a
further confounding issue, a recent report of nonsyndro-
mic XLMR associated to the P312L FGD1 mutation® gives
additional evidence that mental impairment may be
part of the phenotype, even in the absence of the typical
AAS features.
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To increase diagnostic reliability, we performed a muta-
tional analysis of the FGD1 gene in 46 familial and
sporadic AAS males and compared these results with the
individual phenotype. As in the previously reported
studies,®” in only a minority of patients with the clinical
diagnosis of AAS was an FGD1 mutation found. We
detected eight FGD1 mutations, all novel, in nine out of
46 probands, accounting for 19.56% of the patients (Tables
1 and 2). Seven of these mutations were unique. Only one
mutation was found to occur in two independent families.

Subjects, materials and methods
Subjects

The study included 46 independent AAS male probands,
from genetics centres of different countries (Belgium,
France, Germany, Ireland, Israel, Italy, Portugal, Spain,
Switzerland). Their identification numbers were given
according to the DNA database. The phenotype was
evaluated through accurate clinical genetic examination
and anthropometric measurements, and diagnosis of AAS
was based on the primary and secondary diagnostic criteria
as derived by Teebi et al.'® The majority of patients (42/46)
are sporadic. Four families had more than one affected
member. In the family with identical twins (patients
90 and 91), one number was considered as the proband.
Genomic DNA from patients, family members where
available, and 200 unrelated unaffected males used for
control purposes was extracted from peripheral blood
leucocytes by standard procedures. In the case of a positive
result, molecular testing was offered to the other family
members potentially at risk for carrying the same
mutation.

Mutational analysis
Exons 1-18 of the FGD1 gene and the promoter region
were amplified by PCR to give products in the size range

Table 1T Summary of FGD1 mutations identified in patients

Patient ID Mutation Effect Exon Domain Reference

50, 90 528insC Shift after codon 176 Termination at codon 216 Exon 3 This study

25 614 G>T S205I Exon 3 Proline rich This study

— 935C>T P312L Exon 4 Proline rich Lebel et al (2002)

53 982delC Shift after codon 327, termination at codon 359 Exon 4 This study

61 944-975del32 Shift after codon 314, termination at codon 325 Exon 4 This study

26 1139 A>C E380A Exon 5 RhoGEF This study

73 1328 G>A R443H Exon 6 RhoGEF This study

58 1316-1319del AGCT  Shift after codon 439 Termination at codon 470 Exon 6 This study

— 1392insG (2122insG) Termination at codon 469 Exon 7 Pasteris et al (1994)
— 1565 G>A (G2295A) R522H Exon 8 Schwartz et al (2000)
— del, exons 9-12 Large deletion Exons 9-12 Schwartz et al (2000)
7 1829 G>A (G 2559A) R610Q Exon 10 PH domain Orrico et al (2000)
65 2530delG Shift after codon 843, termination at codon 862 Exon 17 This study

To provide a standard nomenclature, the nucleotide sequences are numbered from A of the initiator ATG as the +1 position, in accordance with a
previous report.® To avoid confusion, this nomenclature is also applied to the previously reported mutations that are renumbered, while the previously

used nomenclature is reported in parantheses.
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Figure 1

Characteristic facial appearance of patient 53.

after codon 327 and a predicted premature termination at
the codon 359. The 982delC mutation was not present in
his phenotypically normal mother. As he is the only
affected member in his family, the mutation possibly arose
de novo or from a maternal germline mosaicism.

Patient 61 was a 21-year-old man with clinically
unaffected parents and sister. He was born at term, but
pregnancy was complicated by oligohydramnios. His birth
weight and length medical records were not available. The
diagnosis of AAS was made on a clinical basis in childhood
as he revealed a dysmorphic facial appearance, shawl
scrotum and short stature. His adult height was 163 cm
(3rd percentile). He presented hypertelorism (inner canthal
distance 3.9 cm; >97th percentile — outer canthal distance
11.5cm; >97th percentile), left palpebral ptosis and
strabismus, a short neck, camptodactyly and brachydac-
tyly. Attention and behavioural difficulties were reported
during school age, while difficulties with organisational
skills and social interaction became evident in adulthood.
Molecular investigation revealed a 32 bp deletion mutation
(944-975del32; exon 4) that resulted in a frameshift after
codon 314 and a predicted premature termination at the
codon 325. Also, this mutation most probably arose de novo
as it was not present in his mother and sister.

Patient 26 was the proband of a family in which there
was evidence of a family trait of short stature and
brachydactyly consistent with X-linked inheritance. At
the age of 16 months, his weight was 10.75kg (25th
percentile), height 78 cm (10th percentile), head circum-
ference 46cm (10th percentile), inner canthal distance
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3cm (90th percentile) and outer canthal distance was
8.5cm (90th percentile). At the age of 3 years, he was
diagnosed as having AAS based on the following features:
round face, hypertelorism, epicanthic folds, widow’s peak,
small nose with anteverted nares, long philtrum, cuta-
neous syndactyly with brachydactyly and clinodactyly of
the IVth and Vth fingers, right inguinal hernia, umbilical
hernia, shawl scrotum, short stature and bilateral varus
metatarsus. Molecular analysis revealed a single nucleotide
change in exon 5 (1139A>C), predicted to generate an
E380A substitution. Subsequent mutational analysis in
other individuals from the family identified the same
nucleotide alteration in his mother (patient 47) and
maternal aunt (patient 48), as well as in his affected cousin
(patient 27, son of patient 48) and maternal grandmother
(patient 46). The affected cousin is an 18-month-old boy
presenting with similar clinical features: round face,
hypertelorism, down-slanting palpebral fissures, widow's
peak, small nose with anteverted nares, long philtrum,
brachydactyly with interdigital webbing, inguinal and
umbilical hernia that required surgical repair, shawl
scrotum and short stature. Both affected males had normal
cognitive development. The three carrier females had a
milder phenotype with widow’s peak, short stature and
brachydactyly.

Patient 73 was a 4.5-year-old affected male, born after
normal pregnancy and delivery. His birth weight was
3.4kg, length 49cm and head circumference 33 cm. At
birth he was noted to have short limbs and left-sided cleft
lip. Psychomotor development was normal. At the age of
22 months, skeletal maturation was delayed (15 months).
At the age of 3 years, his weight was 15 kg (50th percentile),
height 94.5cm (50th percentile), head circumference
48cm (10th percentile), inner canthal distance 3.3cm
(90th percentile) and outer canthal distance 8.5 cm (>97th
percentile). The dermatoglyphics on the right and left
digits were: UL, A, A, A and UL. The clinical diagnosis of
AAS was based on the presence of facial dysmorphic
features (widow’s peak, hypertelorism, epicanthic folds,
down-slanting palpebral fissures with bilateral palpebral
ptosis, short and broad nose with anteverted nostrils)
associated with IVth and Vth fingers camptodactyly, shawl
scrotum and inguinal hernias. At the time of our
investigation, there was mild short stature (105 cm; 10th
percentile), mild hyperextensible joints and posteriorly
rotated low set ears. Mental development was normal and
no behavioural problems were reported. Molecular analysis
identified a missense mutation in exon 6 (1328 G>A)
resulting in an R443H substitution. This single base change
abolishes a Cfol restriction site present in the wild-type
sequence allowing the rapid detection of the mutation. No
other members of this family were available for further
investigations.

Two affected siblings of healthy nonconsanguineous
parents, patients 58 and 59, 10 and 7 years old, respec-
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tively, were examined as they both presented with a similar
clinical history and phenotype. Patient 58, the proband,
was born at term by C-section because of breech presenta-
tion with a birth weight of 3.3 kg and length of 46 cm. No
perinatal problems were noted. The infant was in good
condition at birth but he was hypotonic during the
following months with mildly delayed developmental
milestones (neck holding at 4 months, sitting with support
at 8 months, walking at 19 months, first words at 12
months). At the time of the examination, he presented
with short stature (125cm; 3rd percentile) and mild
learning and behavioural disabilities (hyperactivity and
attention deficit). Clinical examination revealed hyperte-
lorism (inner canthal distance 3.5cm; 97th percentile —
outer canthal distance 9.5cm; 97th percentile), left
palpebral ptosis, short nose with anteverted nostrils, long
philtrum, posteriorly angulated low-set ears, prominent
umbilicus, hyperextensible joints and brachydactyly with
cutaneous II-V syndactyly. Patient 59, the youngest
brother, was born at 42 weeks by C-section. His birth
weight was 3.42 kg. He had, like his brother, mildly delayed
developmental milestones (neck holding at 3 months,
sitting without support at 6 months, walking at 18 months,
first words at 18 months). His facial features were very
similar to his brother’s, with long face, telecanthus (inner
canthal distance 3.7 cm; >97th percentile — outer canthal
distance 8.5cm; 80th percentile), short nose with ante-
verted nostrils, long philtrum, micrognatia and posteriorly
angulated low-set ears. He had short stature (105 cm; <3th
percentile), pectus excavatum, hyperextensible joints,
brachydactyly with cutaneous I-V syndactyly, single
palmar creases, hypospadias and right cryptorchidism.
Although both brothers had neurodevelopmental delay
in early childhood, at present they are referred to as
mentally normal, with normal IQ scores (Raven Standard
Progressive Matrices). Their mother presented with hyper-
telorism, brachydactyly and low-set ears. Molecular analy-
sis revealed a 4bp deletion mutation in exon 6 (1326-
1319del AGCT) that resulted in a frameshift after codon
439 and a predicted premature translation termination at
the codon 470 in both brothers. This mutation was
inherited, as expected, from their mother who was found
to be heterozygous.

Patient 65, a 16-year-old boy from Ireland, was born
following a normal pregnancy. He had a full-term normal
delivery and his birth weight was 3.4 kg. At birth, he was
noted to have brachydactyly and camptodactyly, abnormal
feet and shawl scrotum with bilateral undescended testi-
cles. At the time of the investigation, he presented with
hypertelorism (measurements are not available), slight
downward slant palpebral fissures, short nose, broad
philtrum, broad mouth, short broad hand, shawl scrotum
with bilateral scars from previous orchidopexies. The
patient has progressed through puberty satisfactorily
attaining a normal height (175cm). Intelligence was
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normal. Molecular analysis revealed a single nucleotide
deletion in exon 17 (2530del G). This mutation resulted in
a frameshift after codon 843 with a predicted premature
termination at the codon 862. Other members of his family
were not available for further investigations, although his
maternal uncle and his mother’s sister son are clinically
affected.

Patient 50 and his family were previously reported.'? His
facial features represent one of the most impressive and
characteristic pictures of the AAS facial phenotype. He was
a 29-year-old man of low normal intelligence (WISC-R
scale: 1Q 82). His weight was 75kg and height was
160.5 cm. He was socially well integrated, married, and
no behavioural problems were noted. At the age of 13 years
a hydrocoele communicans was corrected. Oligoastheno-
zoospermia was found in the spermatogram. Molecular
analysis revealed a single nucleotide insertion in exon 3
(528insC) that caused a frameshift after codon 176 and
a predicted premature termination at codon 216. Further
molecular analysis of family members showed a hetero-
zygote pattern in his normal mother and sister. No
mutation was found in the unaffected brother.

The same insertion (528insC) was also detected in a pair
of identical twins of an apparently unrelated Italian family,
patients 90 and 91. Both males, at the age of 9 years, had
short stature (121 cm <Sth percentile), joint hypermobi-
lity, small and short hands and feet, brachydactyly and
camptodactyly (patient 90), interdigital webbing, inguinal
hernia, shawl scrotum and a round face with a broad
forehead and widow peak, hypertelorism (inner canthal
distance 3.8 cm; >97th percentile — outer canthal distance
10 cm; >97th percentile), down-slanting palpebral fissures
(patient 91) and dysmorphic ears. In this family, three
generations were available for study. The 528insC was
present in the mother, the maternal grandmother, one
affected uncle and two maternal aunts. All female carriers
expressed minor phenotypical manifestations such as short
stature and interdigital webbing. Intelligence was normal
in both the affected males and carrier females.

Patient 25 was a 11-year-old Portuguese boy. Pregnancy
and delivery were normal. His birth weight was 3.6kg,
length 51cm and head circumference 36cm. He was
referred to the Genetic Clinic at the age of 8 months
because of clinical findings of slightly delayed develop-
mental milestones, cardiac defect (ventricular septum
defect), right cryptorchidism and facial dysmorphic fea-
tures (Figure 2). At present, he is of low normal intelligence
(WISC-R scale: IQ 80) with impairment in expressive
language and speech articulation difficulties, emotional
behaviour problems with occasional temper tantrums,
short stature (132.5cm; Sth percentile), moderate rhizo-
melia of upper and lower limbs, short hands with
cutaneous syndactyly of fingers, a surgically corrected
right-sided cryptorchidism and over-riding scrotum. Cra-
niofacial findings included relative macrocephaly (OFC



Figure 2 Front and profile of patient 25 (a and b), over-
riding scrotum (c) and interdigital webbing (d).

55cm; 90th percentile), frontal bossing, hypertelorism
(inner canthal distance 3.5cm; >97th percentile — outer
canthal distance 11 cm; >97th percentile), down slant of
palpebral fissures, short nose with anteverted nostrils, wide
philtrum and thin upper lip. In the past, the chromosomal
analysis in peripheral blood lymphocytes had revealed a
46,XY(90%)/47,XYY(10%) mosaic. Molecular analysis re-
vealed a missense mutation in exon 3 (614 G>T) that
causes a change in the residue 205 from Ser to Ile. The same
mutation was found in his mother and in her three sisters,
who have mild phenotypical signs (hypertelorism, widow’s
peak).

The patients in whom a mutation was not found (37
individuals) present with various combinations of short
stature, facial appearance (hypertelorism, small nose with
anteverted nares, broad nasal bridge, ptosis, strabismus),
hand abnormalities and genitourinary manifestations
(Table 2). Most clinical signs were concordant with the
diagnosis. Short stature (34 out of 37 patients), hypertelor-
ism (36 out of 37), hand abnormalities (short and broad
hands, clinodactyly, camptodactyly) (28 out of 37) and the
peculiar scrotal morphology (28 out of 37) were displayed
by most of patients. Cryptorchidism was found in eight
individuals and hernias in five. Interphalangeal webbing
was recorded in 19 out of 37 patients. Only six had
palpebral ptosis. A total of 12 patients presented severe
mental retardation.

Discussion
At present, the diagnosis of AAS is primarily based on
clinical criteria. In typical cases, the phenotype of affected
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males is characterised by genital anomalies (shawl scrotum,
cryptorchidism), short stature, distinct craniofacial ab-
normalities, brachydactyly with interdigital webbing and
joint laxity. A broad range of mild developmental delay or
learning difficulty has occasionally been reported. Never-
theless, in affected males the phenotype is variable as they
may exhibit different combinations of associated features.
In general, carrier females may have a milder phenotype
than males, showing minor and mild clinical signs,
possibly depending on the pattern of X-chromosome
inactivation. Despite the presence of clinical inclusion
criteria and the advances in the molecular pathogenesis of
AAS, disease-causing mutations have been identified in
only a small number of patients. Possibly, both the
variability of phenotype and the genetic heterogeneity
account for a clinical overdiagnosis. Short stature with
hypertelorism and brachydactyly represent a relatively
frequent association in clinical dysmorphology. Moreover,
AAS patients are often referred with various degrees of
mental handicap (mild mental retardation, learning dis-
abilities, attention-deficit disorders) and, as the majority of
cases are sporadic, X-linked inheritance may be question-
able.

In the present study, we performed mutation screening
of the FGD1 gene in 46 male patients referred with the
clinical diagnosis of AAS. This is the largest series reported
to date. We identified eight mutations, all novel, including
four deletions, one insertion and three missense muta-
tions. The majority of the mutations identified were found
to be unique to a single family. The only exception is the
528insC, occurring in exon 3, which was detected in two
independent families (Belgian and Italian). The deletions
and the insertion mutations are all predicted to result in a
frameshift, which leads to a truncation of the protein. The
three missense mutations, S2051, E380A and R443H, occur
in exons 3, 5 and 6, respectively. They all occur at the
N-terminal half of the protein, encompassing the proline-
rich region and the SRC domains, upstream from the first
PH domain. The 614 G>T mutation, detected as a single
observation in patient 25, changes the S205 residue (S205I)
located in the proline-rich N-terminal region, a protein-
interaction module involved in the localisation of FGD1
protein to the subcortical cytoskeleton and Golgi com-
plex.'* Notably, in the context of proline-rich regions,
serine residues frequently flank proline, and are considered
to represent, through phosphorylation, a structure for
modulation of the protein function.'®> The E380A and
R443H changes were found in patients 26 and 63,
respectively, and subsequently detected in other affected
and carrier family members. These two amino-acid changes
occur in the conserved Rho/RacGEF domain. In particular,
E380 is a residue that resides within the predicted SRC1
and R443 is adjacent to the predicted SRC2 regions.* Both
these residues were conserved at a comparative sequence
analysis of the FGDIl-related protein.'® All the base
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substitutions we found were absent in >200 normal
X-chromosomes and segregated with the AAS phenotype
in the affected family members, thus suggesting that these
DNA changes are disease-causing mutations rather than
polymorphisms.

Including the mutations reported here, a total of 13
different FGD1 mutations have been reported to cause
AAS,>¢~8 ‘present report’ consisting of five deletions, two
insertions and six missense mutations (Table 1). These
mutations are scattered over the whole coding sequence.

The overall mutation detection rate of our study was
19.56%. Therefore, although the sensitivity of the PCR—
SSCP method is generally estimated to be around 80%'’
and a few mutations may have been missed, the high
percentage of patients without mutations may support the
hypothesis either of genetic heterogeneity or of a clinical
overdiagnoses of this condition.

On the other hand, the mutation detection rate in this
study was higher than those reported in two previous
studies®” (7.69 and 7.40%, respectively). As the clinical
criteria were not substantially different from those applied
in other studies,®” this relatively higher percentage may be
explained by the large number of typical patients and by
the presence of familial cases with evidence of X-linked
inheritance. In three of the four families in which there
were more than one affected male, we detected an FGD1
mutation (the families of the probands 26, 58, 90), while in
the fourth family, despite a possible X-linked inheritance of
the phenotype, no mutations were found. The rate of
de novo mutations does not appear particularly high, as
illustrated by the documentation of only two sporadic
cases (patients 53 and 61: 22.22% of the probands), thus
further strengthening the importance of the family
evaluation.

As previously reported,® carrier females often show
minor dysmorphic features such as hypertelorism and
widow’s peak. In the absence of obvious clinical manifesta-
tions, we suggest that a minutious physical examination of
female family members should be performed as a support
for possible X-linked inheritance. This may improve the
mutation detection rate, with much more efficient mole-
cular screening and thus optimising the cost-effectiveness
of the molecular analysis.

Reviewing the phenotype of the 12 mutated males (nine
probands), we found no differences in overall clinical
features between patients with truncating mutations and
those with missense mutations, nor is there evidence that
the location of the FGD1 missense mutations influences
the clinical phenotype (Table 2). In addition, on comparing
the mutated males with the 37 probands without detected
mutations, no global differences were observed with
respect to the principal clinical findings. Among mutated
patients, the only exception may be the normal stature
reported in patient 65, in which the mutation (2530delG)
causes a frameshift at the C-terminus of the protein.
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However, although inter- and intrafamilial variability
occurs, mutated patients present with a more full clinical
expression of the disease phenotype, with respect to
nonmutated patients, in which the entire facio-genito-
digital spectrum seems to be displayed less frequently
(Table 2). In particular, the association of short stature,
hypertelorism and genitourinary abnormalities is the most
common presenting feature in both series of patients
(mutated and nonmutated). By contrast, palpebral ptosis,
syndactyly, joint hyperextension and hernias were docu-
mented less frequently in nonmutated patients. These
observations, although do not establish a clearcut correla-
tion between phenotype and genotype, may contribute to
more strictly clinical diagnostic criteria.

The presence of cognitive problems in AAS patients still
remains controversial. It has long been debated whether
some degrees of mental retardation and/or behavioural
disabilities might be part of the phenotypical spectrum. In
the past, a range of mild mental retardation, learning
disabilities or attention-deficit disorders have been re-
ported in AAS patients,'? in the absence, however, of a
molecular confirmation. The clinical data of the first
reported cases of AAS with FGD1 mutations did not
support those observations, as mental retardation did not
appear to be part of the phenotype of mutated patients.®’
The recent discovery, however, that the FGD1 mutation
P312L is associated to nonsyndromic X-linked mental
retardation in a family,® and the presence of various
developmental disabilities and/or behavioural disorders in
five of the 12 mutated patients in this study confirms that
developmental disabilities may be part of the AAS pheno-
type. Severe mental retardation, as reported by Lebel et al,®
was not noted in the present group of mutated patients; 12
of our AAS patients had severe mental retardation, and all
12 were found to be negative for FGD1 mutations. Thus,
these results suggest that severe mental impairment is not a
usual finding in AAS. However, as some aspects of cognitive
impairment are recorded among mutated patients, we
suggest that mental performance and behavioural pheno-
type should be considered in the clinical evaluation.
Patients 58 and 59 had developmental delay during
infancy, although they are of normal intelligence at an
older age. Patient 61 had behaviour problems and patients
25 and 50 were mildly mentally retarded.

An interesting finding is that the type of the mutation
does not seem to be predictive of whether an affected
individual will have some degree of mental impairment or
not. The only recurrent mutation we found (528insC) is
associated with mild mental impairment in the Belgian
family, while the members of the Italian family carrying
the same mutation did not show any neurodevelopmental
disability. The present study shows that the AAS indivi-
duals with mental impairment are only mildly affected,
with learning and behavioural disabilities often confined
to early childhood. The majority of these children have a



good evolution into adulthood and ‘the changing pheno-
type with age’'? includes an age-related improvement of
mental status. However, the risk for a variety of behaviour-
al disturbances and mild learning difficulties appears to be
increased in AAS children and specific attention to
cognitive and behavioural function is needed in young
AAS patients. In conclusion, this study clearly establishes
the FGD1 mutational involvement in the X-linked form of
AAS and provides new insights into the molecular causa-
tion of AAS with a wide spectrum of novel mutations in
affected individuals. Finally, this study also confirms that
only a minority of the clinically diagnosed patients carries
a mutation in the FGD1 gene. The diagnosis of the
X-linked AAS needs to be made with care as the spectrum
of clinical signs overlaps with that of many different
disease entities and, although the phenotype may be
impressive, many alternative diagnoses have to be con-
sidered.
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