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Abstract

Background: Angelman- and Rett-like syndromes share a
range of clinical characteristics, including intellectual dis-
ability (ID) with or without regression, epilepsy, infantile en-
cephalopathy, postnatal microcephaly, features of autism
spectrum disorder, and variable other neurological symp-
toms. The phenotypic spectrum generally has been well
studied in children; however, evolution of the phenotypic
spectrum into adulthood has been documented less exten-
sively. To obtain more insight into natural course and prog-
nosis of these syndromes with respect to developmental,
medical, and socio-behavioral outcomes, we studied the
phenotypes of 9 adult patients who were recently diag-
nosed with 6 different Angelman- and Rett-like syndromes.
Methods: All these patients were ascertained during an on-
going cohort study involving a systematic clinical genetic
diagnostic evaluation of over 250, mainly adult patients with

ID of unknown etiology. Results: We describe the evolution
of the phenotype in adults with EHMT1, TCF4, MECP2, CDKL5,
and SCNTA mutations and 22qter deletions and also provide
an overview of previously published adult cases with similar
diagnoses. Conclusion: These data are highly valuable in ad-
equate management and follow-up of patients with Angel-
man- and Rett-like syndromes and accurate counseling of
their family members. Furthermore, they will contribute to
recognition of these syndromes in previously undiagnosed

adult patients. Copyright © 2012 S. Karger AG, Basel

Clinical characteristics of known syndromes includ-
ing associated health and behavior issues and recogniz-
able facial features are generally well studied and de-
scribed in patients at childhood. Often little is known
about evolution of the phenotype across life span. Infor-
mation on health and social outcomes is necessary for an
adequate management and follow-up of patients with
specific intellectual disability (ID) syndromes and en-
ables careful counseling of family members regarding
prognosis, natural course of the disease, and life expec-
tancy. Delineation of phenotypes at adult age will also
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contribute to recognition and diagnosis of ID syndromes
in adults.

In the past decade improvements in diagnostic and re-
search technologies have led to the identification of sev-
eral novel chromosomal microdeletions and -duplica-
tions as well as single genes that are associated with
known and novel ID syndromes, referred to as ‘Angel-
man- and Rett-like syndromes’ [Amir et al., 1999; Claes
et al., 2001; Phelan et al., 2001; Kalscheuer et al., 2003;
Wilson et al., 2003; Tao et al., 2004; Kleefstra et al., 2006;
Zweier et al., 2007; Ariani et al., 2008; Papa et al., 2008;
Zweier et al., 2010]. After the initial identification of the
gene methyl CpG binding protein 2 (MECP2) as the cause
of Rett syndrome [Amir et al., 1999], additional genes as-
sociated with a Rett-like/aspecific Rett syndrome pheno-
type have been subsequently identified. These include
forkhead box G1 (FOXG]I), cyclin-dependent kinase-like
5 (CDKL5), and myocyte enhancer factor 2C (MEF2C)
[Kalscheuer et al., 2003; Tao et al., 2004; Ariani et al.,
2008; Zweier et al., 2010]. Furthermore, in several pa-
tients with a clinical diagnosis of Angelman-like syn-
drome, mutations in MECP2 and CDKL5 have been iden-
tified [Watson et al., 2001; Moncla et al., 2002; Kleefstra
et al., 2004; Russo et al., 2009]. In addition, several muta-
tions in the gene transcription factor 4 (TCF4, Pitt Hop-
kins syndrome) have been identified in patients with An-
gelman-like phenotypes as well [Takano et al., 2010]. So,
Angelman- and Rett-like syndromes have an overlapping
phenotypic spectrum with heterogeneous underlying ge-
netic defects which can mimic each other. The pheno-
typic spectrum comprises (severe) ID with or without re-
gression, epilepsy, infantile encephalopathy, features of
autism spectrum disorder, stereotypies and hand aprax-
ia, postnatal microcephaly, autonomic dysfunction (in-
cluding breathing anomalies, vasomotor disturbance,
and gastro-intestinal symptoms), and other neurological
symptoms, including ataxia and spasticity. Furthermore,
various underlying genetic defects are thought to act
in similar and/or interacting pathways. For example,
MECP2 is thought to be involved in the epigenetic regula-
tion of UBE3A (associated with Angelman syndrome)
[Makedonski et al., 2005; Samaco et al., 2005]. Also,
MECP2, CDKL5, and MEF2C were shown to interact di-
rectly which suggest involvement in a common pathway
[Mari et al., 2005; Zweier et al., 2010].

During an ongoing cohort study among mainly adult
patients with so far unexplained ID, we identified an as-
sociated genetic defect in 9 adult patients with Angel-
man- and Rett-like phenotypes. We found mutations in
the genes TCF4, CDKL5, EHMT]1 (euchromatic histone-
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lysine N-methyltransferase 1), MECP2, and SCNIA (so-
dium channel, voltage-gated, type I, alpha subunit), and
small terminal deletions in chromosomal region 22q13.3,
associated with Phelan-McDermid syndrome. Here we
describe the evolution of their phenotypes up to different
adult ages and give an overview of previously reported
adult cases.

Patients and Methods

All patients were ascertained during an ongoing cohort study
among patients with ID of unknown etiology. This study was ap-
proved by the local ethical committee. Patients were selected
from a large population of approximately 4,000 people living in
residential settings associated with 3 service providers for the
care of people with ID in the eastern part of the Netherlands.
Patients were selected on the base of an IQ level <70 in combi-
nation with the presence of one or more of the following features:
micro- or macrocephaly, growth retardation or overgrowth,
neurological features (e.g. ataxia, spasticity, neurodegenerative
signs), congenital anomalies (i.e. congenital heart/renal/skin/
genital defects), consanguinity and/or positive family history for
ID, and/or dysmorphic features. More than 80% of the patients
in the total cohort were adult patients. After obtaining written
permission from the parents or legal representative for participa-
tion in this study, patients were invited to visit the department
of human genetics at the Radboud University Nijmegen Medical
Centre for an extensive multidisciplinary clinical evaluation.
Specific DNA diagnostic tests were requested when indicated. In
all patients, genome-wide SNP (single nucleotide polymor-
phism) array analysis was performed according to the standard
Affymetrix GeneChip protocol (Affymetrix, Inc., Santa Clara,
Calif,, USA). In 8 patients the Affymetrix 250k array platform
and in 1 patient (patient 7) the Affymetrix 2.7M array platform
was used. Copy number estimates were determined using the
updated version 2.0 of the CNAG (copy number analyzer for Af-
fymetrix GeneChip mapping) software package (Affymetrix
250k SNP array) or the ChAS (chromosome analysis suite for Af-
fymetrix GeneChip mapping) software package (Affymetrix
2.7M array). The normalized ratios were subsequently analyzed
for genomic imbalances by a standard hidden Markov model.
CNVs were mapped according to the UCSC genome browser
build May 2004 (NCBI35/Hgl17) for the Affymetrix 250k array
platform and to build March 2006 (NCBI36/Hgl8) for the Af-
fymetrix 2.7M array platform.

All patients underwent screening metabolic tests in urine and
serum as well, including quantification of lactate, amino acids,
creatine biosynthesis, carnitines, organic acids, purines and py-
rimidines, and transferrin subfractions.

Segregation Analysis

When possible, segregation of genetic/chromosomal variants
was tested in the parents and/or other family members by SNP
array, multiplex ligation-dependent probe amplification (MLPA),
fluorescence in situ hybridization (FISH), or sequencing of the
involved gene.

Willemsen et al.



Results

Patient 1: Kleefstra Syndrome (EHMT1I)

This female patient was ascertained at the age of 41
years. She was born at term after an uncomplicated preg-
nancy and delivery in breech position. Birth weight was
>3 kg (>10th centile). At the age of 6 weeks she was ad-
mitted to the hospital because of persistent excessive re-
gurgitation and weight loss, probably due to severe gas-
tro-esophageal reflux. Her motor development was mild-
ly delayed, with walking independently at the age of 18
months. Speech development was more severely delayed,
and she was not able to speak single words until the age
of 3 years. Contact making was diminished, and she had
mood swings. An intravenous pyelogram at the age of 10
years because of recurrent urinary tractinfections showed
no abnormalities. Ophthalmological evaluation revealed
substantial strabismus. At the age of 38 years her devel-
opmental age as assessed by the WISC-RN scale was 5.5
years with a discrepancy between verbal capacities (age
equivalent 4.3 years) and performal capacities (age equiv-
alent 6.6 years). She was able to walk, to talk in short sim-
ple sentences and needed some help in self care. Around
the age of 38 years she presented with a remarkable change
in her behavior pattern, including periods of apathy,
decreased emotional responsiveness, staring, low motor
activity, stupor, and sleep disturbance, characterized by
frequent awakenings during the night and daytime sleep-
iness. Detailed behavioral characteristics have been pub-
lished elsewhere [Verhoeven et al., 2011: patient 1]. Fur-
thermore, impulsivity and aggressive outbursts were re-
ported. She also showed focal myoclonic twitches of the
right shoulder. Electro-encephalography was repeatedly
normal. Brain MRI showed multifocal poorly defined ab-
normal white matter signal intensities, mainly localized
deeply in the parietal lobe. In addition, bilaterally abnor-
mal signal intensity in the globus pallidus was noticed.
These abnormalities were not indicative for perinatal as-
phyxia. Cardiologic evaluation revealed hypertrophy of
the left ventricle and paroxysmal atrial fibrillation. Upon
physical examination at the age of 41 years, her height was
176 cm (75th centile), weight 103 kg (>98th centile), and
head circumference 53.5 cm (10th centile). Facial dys-
morphic features comprised a flat midface, slight upslant
of the palpebral fissures, short philtrum, prognathism,
and a full everted lower lip (fig. 1A, B). Chromosomal
analysis by 250k SNP array analysis was normal, and
screening metabolic tests revealed no abnormalities. Be-
cause of the clinical suspicion of Kleefstra syndrome
without a deletion in chromosomal region 9q34.3, muta-
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tion analysis of EHMTI was performed and revealed a
pathogenic mutation in the splice site of intron 20 of the
EHMT1 gene (c.3087+1G>T). Segregation analysis in the
parents was not possible.

Patient 2: Pitt Hopkins Syndrome (TCF4)

This male patient was ascertained at the age of 40
years. He was born at term after an uneventful pregnancy
and delivery. Birth weight was 3,200 g (>20th centile). His
psychomotor development was severely delayed. He was
able to sit independently at the age of 4 years and able to
walk at 8 years of age. He did not develop speech. His be-
havior was characterized by severe pica behavior, includ-
ing the drift to ingest soft objectives such as socks. Sev-
eral times he underwent a gastroscopy to remove socks
from his stomach. To prevent further ingestion incidents,
he was prescribed to wear a helmet with a face mask. In
addition, he showed hyperactive and self-mutilation be-
haviors and had a high threshold of pain. During puber-
ty he frequently had outbursts of crying, but later on he
was generally in a happy mood. Apart from an atopic
constitution presenting with allergy, asthma, and ecze-
ma, his general health was quite good. After a fall at the
age of 36 years, in addition to a fresh compression frac-
ture of the twelfth thoracic vertebra, multiple old frac-
tures, including metacarpal, humeral, and femoral frac-
tures, were detected and he was diagnosed with osteo-
porosis. Ophthalmological evaluation revealed myopia.
Upon physical examination at the age of 40 years his
height was 173 cm (>2nd centile), weight 56 kg (16th cen-
tile), and head circumference 53.5 cm (0.6th centile). He
showed evident facial dysmorphism including remark-
able prognathism, a broad nose with full tip, hyperplastic
alae nasi, broad mouth with downturned corners, and
widely spaced teeth (fig. 1C, D). The chest was asymmet-
ric with a mild pectus excavatum, and he had a mild left
convex scoliosis. His feet were flat, and both hands
showed short fifth fingers and tapering of the fingers
with concave nails (fig. 2A, B). On the right hand a single
palmar crease was present. He preferred to sit on the
ground with his legs sideward rotated to the left. He had
difficulties to stand up from this position and showed a
mildly increased muscular tone. Chromosomal analysis
by 250k SNP array analysis was normal, and screening
metabolic tests revealed no abnormalities. Because of
some facial characteristics of Pitt Hopkins syndrome,
mutation analysis of TCF4 was requested and revealed a
known pathogenic mutation (c.1739G>A, p.Arg580Gln).
Segregation analysis in the parents showed that the muta-
tion had occurred de novo.
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Fig. 1. Clinical pictures. A, B Typical facial features of Kleefstra syndrome in patient 1. Note the midface hypo-
plasia, arched eyebrows and prognathism. C, D Typical facial appearance of Pitt Hopkins syndrome in patient
2. Note the coarse face with prognathism, broad mouth with down-turned corners and large nose. E, F Patient
3 with a mutation in MECP2 and his carrier sister (G, H). I, J Patient 4 with a mutation in CDKL5. Note her coarse
face. K, L Patient 5 and 6 (M, N) with Dravet syndrome. O, P Patient 7 with Phelan-McDermid syndrome. Note
the long face and full lips. Q-T Brother pair with Phelan-McDermid syndrome. Note the long face, prominent
chin, and large ears in both brothers.

Patient 3: Familial MECP2 Mutation

This male patient was ascertained at the age of 27
years. Pregnancy and birth were uncomplicated. Birth
weight was 3,750 g (50-75th centile). From the age of 24
months on his parents noticed a delay in his psychomotor
development. He was able to walk independently between
the age of 2 and 2.5 years and could speak a few single
words. At the age of about 12 years he had developed ton-
ic-clonic seizures. Seizures persisted on anti-epileptic
drug treatment with a frequency of 1-2 times a day. Ce-
rebral imaging by a CT scan at that time and later at adult
age by MRI revealed no abnormalities. At adult age, his
total IQ level as assessed by the WISC was 33. His behav-
ior was characterized by a lack of initiative and he was
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very calm, introverted, and friendly. He had features of
autism spectrum disorder and periodic tics. Since his ear-
ly twenties, he showed a progressive decline in general
functioning, including loss of speech (he was able to talk
in 2-3 word sentences before), progressive neurological
symptoms including walking difficulties with frequent
falling, tremors of both arms, and apathy (showing sig-
nificantly less initiative than before). He needed more
help in self care as well. During the nights he frequently
awakened and wandered around. After the start of anti-
depressive drug treatment, he seemed to improve a little
but did not regain his former level of functioning. On
physical examination at the age of 27 years he had a height
of 176 cm (16th centile), a weight of 51.5 kg (2nd centile),
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and a head circumference of 57 cm (25-50th centile). He
had a mild brachycephaly and a long face with a pro-
nounced chin. Other dysmorphic features included a full
upturned tip of the nose and a broad mouth with full lips
and everted lower lip (fig. 1E, F). He had narrow feet and
hands with slender digits. His muscular tone was gener-
ally slightly increased and the reflexes were symmetri-
cally brisk. There was a generalized muscular atrophy
and a tremor of the arms.

The family history mentioned learning disabilities in
the mother and his 3-year younger sister. The mother
was admitted to a psychiatric hospital because of severe
psychiatric problems. His sister had followed special ed-
ucation. At the age of 24 years she was employed as a
packer at a distribution office and lived independently
together with her husband. On physical examination
she had a height of 167 cm (25th centile), a weight of 76
kg (90th centile), and a head circumference of 54.3 cm
(20th centile). She had no evident dysmorphic features
(fig. 1G, H).

Chromosomal analysis by 250k SNP array analysis
and screening metabolic tests revealed no abnormalities.
Because of the deterioration in functioning, neurological
symptoms, and a family history suggestive for an X-
linked inheritance pattern, mutation analysis of both
ARX and MECP2 was performed. This revealed a patho-
genic hemizygous late truncating mutation in MECP2
(c.1233_1243del, p.Ser411fs). Segregation analysis showed
an identical heterozygous mutation in the sister. The
mother was not available for testing.

Patient 4: Rett Syndrome Variant with Infantile

Spasms (CDKL5)

This female patient was diagnosed at the age of 47
years. Pregnancy and birth were uncomplicated. She
was doing well for the first 6 months, but then devel-
oped seizures and since then she had a delay in psycho-
motor development. Her motor development was only
mildly delayed; however, she never learnt to speak. At
adult age her ID was profound. The seizures persisted
during her life, and despite treatment with multiple an-
ti-epileptic drugs she suffered from frequent (atonic)
seizures. In addition, she developed a mild spasticity.
She had a friendly personality, and her behavior was
characterized by hyperactivity, self-mutilation, and no
sense of fear. At the age of 40 years a cerebral CT-scan,
which was done because of a fall from a horse, showed
signs of hypoplasia of the corpus callosum. The family
history documented ID due to rhesusantagonism in 2
sons from 2 different brothers from the father. Upon
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Fig. 2. Clinical pictures. A, B Clubbing of toe- and fingernails in
patient 2 with a mutation in TCF4. C, D 2-3 toe syndactyly in pa-
tient 7 who was diagnosed with Phelan-McDermid syndrome.

physical examination at the age of 47 years she had a
height of 162.5 cm (<16th centile), a weight of 45 kg (2nd
centile), and a head circumference of 53 cm (<16th cen-
tile). She had prominent cheekbones, a mild progna-
thism, deep-set eyes, and blepharochalasis. The ears
seemed to be slightly high positioned and she had a full
upturned nose with hypertrophic alae nasi. The lips
were full, and she missed several teeth due to caries
(fig. 11, J). She had thin limbs and small hands. Her feet
showed slight clino- and syndactyly of the second and
third toes. Chromosomal analysis by 250k SNP array
analysis was normal, and screening metabolic tests re-
vealed no abnormalities. Because of the severe ID com-
bined with persistent therapy resistant seizures and the
Rett syndrome-like phenotype, mutation analysis of
MECP2, CDKL5, FOXGI, and SCNI1A was performed,
and a pathogenic splice site mutation in intron 7 of
CDKL5 was found (c.464-1G>A). Segregation analysis
in the parents was not performed.
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Patients 5 and 6: Dravet Syndrome (SCNI1A)

Patient 5

This male patient was diagnosed at the age of 34 years.
He was born at term after an uncomplicated pregnancy
and birth. Birth weight was 4,000 g (<90th centile). He
was doing well for the first 5 months but then developed
seizures after a vaccination. Since then he had regular
absences but developed normally according to his par-
ents. At the age of 2 years seizure frequency increased and
his speech gradually declined. At 3 years of age he had a
status epilepticus followed by a coma state of several days.
After awakening he had a severely retarded psychomotor
function and furthermore a right hemiplegia and was no
longer able to sit or walk. Gradually the hemiplegia par-
tially recovered and he learnt to walk again, though he
did not regain the ability to speak. The epilepsy persisted
throughout his life and he suffered from intractable sei-
zures (for which he wore a helmet) despite treatment with
multiple anti-epileptic drugs. At adult age he had a pro-
found ID (age equivalent 10-18 months). His behavior
was very friendly and characterized by little initiative, ob-
sessive traits, and self-mutilation (pulling out his nails).
He had a very high threshold of pain. He recurrently had
upper and lower airway infections. Upon physical exam-
ination at the age of 34 years his height was 193 cm (90th
centile), weight 84 kg (>50th centile), and head circum-
ference 59 cm (80th centile). He had a slight micrognathia
and several scars on his face due to recurrent epileptic
falls. The ears were large and the lips full, but his appear-
ance was not quite dysmorphic (fig. 1K, L). He was able to
walk but he was somewhat hindered in his motor func-
tion by a mild right-sided hemiplegia. Chromosomal
analysis by 250k SNP array analysis was normal, and
screening metabolic tests revealed no abnormalities. Be-
cause of the severe ID and intractable seizures, mutation
analysis of SCNIA was performed and revealed a patho-
genic mutation in exon 26 (c.5304T>G, p.Serl768Arg).
Segregation analysis in the parents showed that the muta-
tion had occurred de novo.

Patient 6

This patient was ascertained at the age of 49 years.
Pregnancy and birth were uneventful. He developed sei-
zures after vaccination at about 6 months of age. His psy-
chomotor development was delayed. Motor milestones
were only mildly delayed according to his brother. Speech
development was more severely delayed, and he only
learnt to speak a single word. At adult age he had a severe
ID but had a good mobility. The epilepsy (mixed seizures)
persisted throughout his life despite treatment with mul-
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tiple anti-epileptic drugs. Seizures were provoked by psy-
chological stress and constipation. He had a friendly per-
sonality and loved to get attention. Ophthalmological
evaluation revealed a high hypermetropia and a substan-
tial astigmatism. The family history of the mother was
positive for epilepsy without developmental delay. At the
age of 36 years conventional karyotyping and tests for
Fragile X syndrome and Angelman syndrome were all
normal. Upon physical examination at the age of 49 years
his height was 175 cm (10th centile), weight 72.5 kg (84th
centile), and head circumference 57.4 cm (<50th centile).
He had minor facial dysmorphism including a high fore-
head, large lop ears, a prominent philtrum, and a full low-
er lip. His teeth had been removed because of caries
(fig. 1M, N). On the feet he had a clinodactyly of the sec-
ond toe and a cutaneous syndactyly of the second and
third toes. His motor function was clumsy and he had
mild spasticity. Chromosomal analysis by 250k SNP ar-
ray analysis and screening metabolic tests revealed no ab-
normalities. Because of his severe ID and intractable sei-
zures, mutation analysis of SCNIA was performed and
revealed a frameshift mutation in exon 7 leading to a pre-
mature stop codon (c.3526delG, p.Glull76fs). Parents
were not available for segregation analysis.

Patients 7, 8, and 9: Phelan-McDermid

Syndrome (22qter Deletion)

Patient 7

This male patient was ascertained at the age of 48
years. He was born as the fifth child of his parents. Preg-
nancy, delivery, and perinatal period were not remark-
able. During his second year, his parents noticed a delay
in his psychomotor development. He learnt to walk sig-
nificantly later than his siblings, but his speech did not
develop. At adult age his ID was severe. His behavior was
not remarkable, and he had good social interactions. An
abnormal breathing pattern, including intermittent ir-
regular and rapid breathing was observed. At the age of
27 years he was diagnosed with hyperthyroidism, and
treatment with Strumazol and Thyrax was started, but
otherwise his general health was good. His vision was re-
ported to be mildly impaired due to mild myopia and a
slightly limited visual field of unknown cause. Since the
age of 45 years his general functioning had declined re-
markably after a hospital admission because of severe
pneumonia complicated by respiratory insufficiency. He
was no longer able to walk, had feeding problems due to
swallowing difficulties, and became dependent on tube
feeding. Contact making and social interaction dimin-
ished, and he also developed seizures. Cerebral imaging
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by both CT scan and MRI scan showed normal brain
anatomy apart from mild enlargement of the cisterna
magna and central atrophy. At the age of 49 years he died
from pneumonia. The family history reported mild learn-
ing and behavior problems in an older sister and severe
intellectual and physical disability in a son of a brother of
the father.

Upon physical examination at the age of 48 years his
height was on the 50th centile. Head circumference and
weight were on the 80th centile. Facial appearance was
coarse with bushy eyebrows, a short philtrum, a broad
mouth with very full lips and widely placed dentition and
he had large ears (fig. 10, P). He had evident syndactyly
of the second and third toes, with a nearly complete fu-
sion on the right side (fig. 2C, D). He was wheelchair de-
pendent and showed hypertonia with spastic posture of
the hands and feet. Genetic tests included chromosomal
analysis by 2.7M SNP array analysis and mutation analy-
sis of TCF4 because of clinical similarities with Pitt Hop-
kins syndrome. 2.7M SNP array analysis identified a
1.8-Mb loss in chromosomal region 22q13.32q13.33
(47,782,571-49,543,031 Mb). Parents were not available
for chromosomal analysis. Mutation analysis of TCF4
revealed no abnormalities.

Patients 8 and 9

This brother pair was ascertained at the age of 31 and
29 years, respectively. Both were born after an unevent-
ful pregnancy and delivery and had normal birth param-
eters. During the neonatal period the older brother (pa-
tient 8) was treated with phototherapy because of hyper-
bilirubinemia. He was a very quiet baby. Since birth he
had a mild spasticity of his right leg. He was treated with
splints because of inverted position of his ankles. His
psychomotor development was delayed. He was able to
sitand walkindependently at theage of 12 and 24 months,
respectively. Speech development was delayed, but he
learnt to speak simple sentences. Since childhood he had
intermittently high levels of bilirubin and was diagnosed
with Gilbert syndrome. At child age he underwent a uni-
lateral orchidopexy because of torsio testis, and his phi-
mosis was corrected. At adult age he had a moderate to
severe ID. He was diagnosed with a bipolar mood disor-
der. During depressive episodes he suffered from sleep-
ing disorders and refused to eat. In general, his behavior
was friendly, but regularly he showed an aggressive be-
havior. Social interaction was good. Upon physical ex-
amination at the age of 31 years he had a high normal
height (190 cm, 75th centile) and a normal weight (50th
centile) and head circumference (20th centile). Hands
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and feet were large to normal. Facial characteristics in-
cluded a long face with prominent chin and large ears
(fig. 1Q, R). He had an increased lordosis of the lumbar
spine which was suggestive for muscular hypotonia of
the trunk. The feet were slightly inverted.

In contrast, the younger brother (patient 9) was a hy-
peractive baby with poor contact making. Since he was 2
months of age, his parents noticed that he developed
abnormally. The motor development was mildly delayed
with sitting independently at 13 months and walking in-
dependently at 20 months of age. Speech development
was more severely delayed with the first single words at
the age of 4 years. With age his social interaction im-
proved, and he had good contact with his parents, broth-
er, and care-takers; however, contact with housemates
was limited. He showed mild features of autism spectrum
disorder, including obsessive behaviors. His developmen-
tal level was somewhat lower than his brother’s and cor-
responding with a developmental level of a 2-3-year-old
child. His mood and behavior were changeable, including
periods with hyperactivity and aggressive outbursts as
well as periods with apathy. Now and then he had sleep-
ing difficulties with awakening and wandering during
the night. He was diagnosed with a bipolar mood disor-
der as well. At a young age he underwent an operation
because of cryptorchidism and phimosis. His general
health condition was good. Upon physical examination
he had a normal height (185 cm, 50th centile) and weight
(50-75th centile) and a small head circumference on the
2nd centile (54 cm). He had a brachycephaly. Just as his
brother he had a prominent chin and large ears. In addi-
tion, he had a left-sided epicanthal fold, a subtle bifid
point of the nose and horizontal ear lobe creases (fig. 1S,
T). He had a similar posture like his brother, including an
increased lordosis of the lumbar spine.

In both brothers brain MRI showed hypoplasia of the
cerebellar vermis, an enlarged cisterna magna, and mild
enlargement of the lateral ventricles.

Chromosomal analysis by 250k SNP array analysis
identified an identical terminal loss of 2.12 Mb in chro-
mosomal region 22q13.32q13.33 (47,35-49,47 Mb) in
both brothers. Chromosomal analysis in blood lympho-
cytes from the parents both by SNP array analysis and
FISH analysis, with probes localized on chromosomal re-
gions 22ql11 and 22q13, gave normal results. To further
investigate the probability of the presence of the 22qter
deletion in a mosaic pattern in one of the parents, we per-
formed additional FISH experiments in buccal cells of the
parents as well. Indications for a mosaic pattern in the
parents were not found.
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Table 1. Clinical features in present and previously reported patients with (genetically confirmed) Kleefstra syndrome

Present patient Kleefstra Kleefstra et al. [2009] Willemsen et al. Verhoeven et al. [2011]  Total
et al. [2006] (2/6 described in more detail in [this issue] (2/4 de-
Verhoeven et al. [2010]) scribed in more detail in
Verhoeven et al. [2011])

Number of adults 1 1 6 4 (excl. present 1 (other 2 adults are 13

patient 1) included in Willemsen
et al. [this issue])

Genetic defect EHMTI mutation: micro- 6/6 microdeletion 3/4 microdeletion, microdeletion 11/13 microdeletion
c.3087 +1 G >T deletion 1/4 EHMT mutation 2/13 EHMTI mutation

Age, years 41 36 20-59 18-32 19 18-59

Gender f f 4m,2f 3f,1m f 5m,8f

Developmental moderate 1D, severe ID 6/6 variable ID moderate-severe ID moderate ID 13/13 moderate-severe

outcome some speech ID

Motor symptoms focal myclonic twitches NR 1/2 progressively immobile 1/4 rigid flexure of the  slow, preservativeand ~ myoclonic twitches in
shoulder, fixed flexure 1/2 frequent myoclonic twitches, arms and hands clumsy motor func- 2 patients; immobility in
arms and hands slight hypertonia tioning at adult age 1 patient; fixed flexure

fixed flexure arms and hands in 2/2 extremities in 4 patients

Regression (of psy- + NR 3/5 1/4 + 6/11

chomotor function)

Behavior/psychiatric  impulsivity and aggres- +, not further ~ 2/5 aggression 1/4 sleep disturbance  sleep disturbance; variable behavior prob-
sive outbursts; around  specified 2/5 sleep disturbance 1/4 stereotypies increase of behavior lems in all; temporary
age 38 remarkable be- 3/5 passive periods 2/4 mood disorder problems in adolescence (behavioral) regression/
havior change: periods 2/5 mood disorder 1/4 hyperactivity with later on general increase of behavioral
of apathy, decreased 2/2 stereotypic orofacial movements 1/4 increase of behavior inactivity and irritability, problems during adoles-
emotional responsive- 3/5 increase of behavior problems/  problems during stereotypies cence; onset of typical
ness, staring, low motor temporary regression during teenage teenage years with behavior pattern at mid-
activity, stupor, and years progressive inactivity dle age including periods
sleep disturbance 2/2 during midlife occurrence of and catatonic features with passivity, decreased

bizarre and distinct posture, responsiveness and
hypoactivity, minimal emotional hypoactivity in a subset
response, lack of initiative, and staring

Seizures - + 4/6 2/4 - 7/13

Recognizable facial + + + + + present in all

features

Medical problems, hypertrophy of the NR 1/6 scoliosis 2/4 frequent respiratory ventricular septum 3/12 cardiac

age of onset left ventricle and 1/6 severe GOR with weight loss infections/aspiration defect 2/12 scoliosis

(when documented) ~ paroxysmal atrial 1/6 pyloric stenosis 1/4 mild pulmonic re- 2/12 gastro-intestinal
fibrillation, diagnosed 1/6 death with unknown cause at gurgitation as an adult 1/12 early death
around age 40 years age 21 1/4 scoliosis 2/12 recurrent

respiratory problems

Adult growth parameters

head circumference normal normal 3/6 microcephaly 1/3 microcephaly 5/13 microcephaly 5/13 microcephaly
height normal NR 2/4 short stature 2/4 short stature 5/10 short stature 5/10 short stature
weight obesity obesity 1/5 obesity 1/4 obesity 5/12 obesity 5/12 obesity

Other brain MRI: poorly brachydactyly 1/6 hearing loss 1/4 hearing loss - 5/10 variable anomalies
defined abnormal white 2/6 cryptorchidism 1/4 brachydactyly on brain MRI
matter signal intensities, 1/6 VUR 1/4 hyperopia
manly localized deep in 3/5 minor anomalies on brain MRI:  1/4 cryptorchidism

the parietal lobe,
bilaterally abnormal
signal intensity in the
globus pallidus

1/5 small pons, 1/5 prominent
Virchow-Robin spaces,
1/5 asymmetry of anterior horns

1/3 white matter le-
sions, corpus callosum
hypoplasia

NR = Not reported; GOR = gastro-oesophageal reflux; VUR = vesicoureteral reflux.

Evolution of Phenotypes in Present and Previous

Cases

Kleefstra Syndrome. Adult patients with Kleefstra syn-
drome have rarely been reported before [Kleefstra et al.,

2006, 2009; Verhoeven et al., 2010, 2011; Willemsen et al.,

this issue]. Table 1 summarizes the phenotypic features of
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the present and 12 previously reported adult patients di-
agnosed with Kleefstra syndrome. Developmental out-
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Table 2. Clinical features in present and previously reported patients with (genetically confirmed) Pitt Hopkins syndrome

Present patient

Zweier et al. [2007]

Zweier et al. [2008]

Rosenfeld et al. [2009]

Total

Number of adults

1

2

3

1

7

Genetic defect

TCF4 mutation:

TCF4 mutations:

TCF4 mutations:

64-kb microdeletion 18q21.2

6 TCF4 mutations,

c.1739G>A ¢.1153 C>T and IVS9-1G>C c.1699A>T, c.469C>T, 1 small microdeletion
¢.1073G>T
Age, years 40 29 18-20 19 18-40
Developmental outcome severe ID severe ID severe ID severe ID severe ID
Motor symptoms mild hypertonia 1/2 ataxia 1/3 ataxia walks with assistance 2/7 ataxia, 1/7 hypertonia
1/2 wide-based walking pattern
Regression - NR NR NR never reported
(of psychomotor function)
Behavior/psychiatric happy disposition, pica  1/2 very anxious, 2/3 happy disposition happy disposition, bangs on  mostly happy disposition,
self-mutilation 1/3 violent outburst, objects, sleeping problems but diverse behavior
stereotypies problems do also occur

Seizures

1/3, since 9 months of age

2/7, onset during childhood

Recognizable facial features

2/3 +
1/3 +/-

717

Medical problems, age of
onset (when documented)

myopia, scoliosis,
osteoporosis and atopic
constitution, onset in

1/2 severe constipation,
and strabismus in onset NR
1/2 lymphoma and dislocated

2/3 constipation, scoliosis
1/3 myopia, strabismus

strabismus, myopia

constipation, scoliosis, and
aspecific ocular problems in
several patients

childhood hip, onset NR
Adult growth parameters
head circumference P0.6 2/2 <P3 2/3 <P3, 1/3 normal P50 5/7 microcephaly
height >P2 2/2 <P3 NR P10-25 3/4 short stature
weight P16 2/2 <P3 NR P60 2/4 underweight
Abnormal breathing pattern® - 2/2 2/3 +, breath holding 517
Other finger- and toenail finger- and toenail clubbing NR NR 2/3 nail clubbing

clubbing in 1/2

NR = Not reported; P = percentile.* Comprising periods with hyperventilation followed by apnoea.

come varied from moderate to severe ID. Most patients
have little speech ability, though mostly very primitive. Six
out of 11 patients (in 2 patients a presence of regression was
not reported) showed some kind of regression during ado-
lescence or adulthood, which was in 5 patients reported to
be associated with a concurrent striking behavioral change
including periods of diminished responsiveness, hypoac-
tivity, passivity, and catatonic phenomena. Seven out of 13
had (a history of) seizures, though in general not very se-
vere. All adult patients had the typical facial features of
Kleefstra syndrome. In the present patient the facial fea-
tures were the major clue to the diagnosis in addition to
the characteristic regressive behavioral pattern with onset
at adult age. Microcephaly was present in 5 out of 13 pa-
tients, 5 out of 10 had a short adult height, and 5 out of 12
patients presented with obesity. In conclusion, most im-
portant diagnostic clues at adult age seem to be the typical
facial features and behavior pattern which might be asso-
ciated with regression of general functioning.

Adult Phenotypes in Angelman- and
Rett-Like Syndromes

Pitt Hopkins Syndrome. The present patient is the oldest
reported patient with Pitt Hopkins syndrome. As far as we
know, 6 adult patients with genetically confirmed Pitt
Hopkins syndrome have been reported in previous studies
(table 2). All adults with Pitt Hopkins syndrome had a se-
verely impaired developmental outcome. A minority suf-
fered from seizures that presented at childhood. Late-on-
set seizures were not reported, suggesting that if seizures
develop, they present at a young age. Medical problems
were relatively mild, including mainly constipation, sco-
liosis, and aspecific ocular problems. Motor functioning
was mildly impaired in some cases. Reported behavioral
problems are diverse, but most patients have a happy dis-
position. Among this small group of adults with Pitt Hop-
kins syndrome, there are no indications for significant re-
gression at adult age. The typical facial characteristics per-
sist during adult age. In the present patient his facial gestalt
was the clue to the diagnosis. In general, the combination
of the typical facial characteristics, severe ID, the breath-
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ing pattern with periods of hyperventilation followed by
apnoea, and the clubbing of finger- and toenails might
suggest the diagnosis Pitt Hopkins syndrome in adults.
MECP Mutations in Males. MECP2 mutations are in-
volved in Rett syndrome. Initially, it was thought that
Rett syndrome occurs exclusively in females due to le-
thality of hemizygous mutations in males. Though, after
the identification of the MECP2 gene in 1999, several
MECP2 mutations have been detected in males as well.
The phenotypic variability in males with MECP2 muta-
tions is wide, and roughly 3 groups of phenotypes can be
observed: (a) classical/atypical Rett syndrome occurring
in males with a classical Rett syndrome mutation in mo-
saic pattern or in males with an XXY karyotype, (b) se-
vere congenital encephalopathy, mostly associated with
a mutation that causes Rett syndrome in females, and (c)
a broad group with a wide phenotypic spectrum includ-
ing variable levels of ID and variable occurrence of other
neurological and/or psychiatric disorders [Moog et al.,
2003, 2006; Villard, 2007]. The phenotypes caused by
MECP2 duplications are not considered here. Mutations
that cause the classical Rett syndrome phenotype in fe-
males are considered to be either prenatally lethal in
males or leading to severe congenital encephalopathy
and early death [Schiile et al., 2008]. The present patient
can be assigned to the third group. Several males from
X-linked ID families and single male patients with a phe-
notype fitting in the third group have been reported
before [Meloni et al., 2000; Orrico et al., 2000; Couvert
et al,, 2001; Yntema et al., 2002]. Frameshift/truncating
mutations, as observed in the present patient, infre-
quently have been reported in males before (2 previous
reports) [Kleefstra et al., 2002; Moog et al., 2003]. Adult
phenotypes of present and 23 previous cases are summa-
rized in table 3. All patients (age range 21-56 years) have
an impaired developmental outcome, though varying
from mild to profound ID. From these data a significant
phenotype-genotype correlation with respect to the de-
gree of ID cannot be observed. In 2 of the families re-
ported, identical mutations lead to a developmental level
varying from mild to severe disability [Gendrot et al.,
1999; Couvert et al., 2001; Gomot et al., 2003]. Almost all
patients showed evident motor/neurological symptoms
as tremors (46%), pyramidal signs (58%), and in 2 pa-
tients ataxic signs were observed. Interestingly, in one
family tremors were reported in the carrier females as
well [Couvert et al., 2001; Gomot et al., 2003]. Almost
30% of the males showed regression in functioning at
adult age. One third of the patients had seizures, and
with the exception of one, onset was reported at child-
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hood age. A majority (64%) had microcephaly and short
stature (67%). Four out of 24 developed kyphosis/scolio-
sis with age. Many were reported to have a friendly and
cooperative behavior, though a few patients showed ag-
gressive outbursts. Mood/depression and anxiety disor-
ders were frequently observed. A subset of the patients
had a passive, inactive personality, and some were shy/
introverted in social interaction. In conclusion, clue fea-
tures that might indicate the presence of a MECP2 muta-
tion in adult males are variable ID in combination with
neurological symptoms, including pyramidal signs and
tremors, mood and anxiety disorders, and possibly re-
gression at adult age. Facial features are not remarkable
and do not contribute to the diagnosis.

Rett Syndrome Variant with Infantile Spasms (CDKL5
Mutations). The present patient is the oldest patient with
a mutation in CDKL5 reported. Table 4 summarizes the
clinical features of the present and 9 other adult female
patients [Tao et al., 2004; Weaving et al., 2004; Archer et
al., 2006; Bahi-Buisson et al., 2008a, b; Erez et al., 2009].
The developmental outcome is very poor. Remarkably,
in one patient (twin sister of a severely affected patient)
the developmental level was reported to be only mildly
impaired [Weaving et al., 2004]. Six out of 10 patients
were not able to speak. All patients showed motor symp-
toms, including mostly pyramidal signs, but also cere-
bellar symptoms were reported. Secondary locomotor
tract deformities including scoliosis and/or contrac-
tures were present in 6 out of 8 patients. Five out of 9
patients had signs of autonomic dysregulation (intesti-
nal symptoms, breathing anomalies, and vasomotor
disturbance). Regression was reported in 4 out of 10 pa-
tients. Seizure outcome was very poor. Nine patients
suffered from persistent intractable seizures into adult-
hood. Behavior characteristics that were frequently
present included (hand)stereotypies and poor social in-
teraction. Sleeping problems were documented in 4 pa-
tients. Small hands and/or feet were also more often re-
ported (4/7). In conclusion, the consistent clinical fea-
tures at adult age included a very poor developmental and
seizure outcome in combination with other neurological
signs including pyramidal tract and cerebellar and auto-
nomic signs. Major health problems were secondary to
neurological problems. Behavior symptoms included
Rett-like behaviors such as (hand) stereotypies.

Dravet Syndrome. In contrast to the other reported
syndromes in the present study, follow-up of Dravet syn-
drome patients into adulthood has more often been doc-
umented before [Jansen et al., 2006; Akiyama et al,
2010]. The phenotype of 37 adult patients, including the
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Table 3. Clinical features of present and previously reported male patients with ‘mild” MECP2 mutations that do not cause classical
Rett syndrome in female patients or severe neonatal encephalopathy/prenatal death in males

Present patient ~ Gendrot et al. [1999]; Gomot et al. [2003];  Couvert et al. [2001]; Orrico et al. Lindsay et al. [1996]; Meloni et al. [2000]; Total
Couvert et al. [2001]; Yntema et al. [2002]  Gomot et al. [2003] [2000] Klauck et al. [2002] Claes et al. [1997]
Gomot etal. [2003]  (T44) (T36) (X307, MR48,
(MRX16) MR50, X308)
Number of adults 1 7 3 4 4 4 1 24
Mutation/ frameshift: missense: in frame deletion missense: c.499C>T missense: ¢.493 missense: nonsense: 19/24 missense
domain €.1233_1243del  c.410A>G c.1161_1400del/ (p-Argl67Trp)/ C>T (p. Ala-  c493C>T c1216 C>T 1/24 nonsense,
(p.Ser411fs)/ (p.Glu137Gly)/ C-terminus Co-repressor 140Val)/MBD  (p.Alal40Val)/ (p.Glu406X)/ 1/24 frameshift,
C-terminus MBD interacting region BD C-terminus 3/24 in frame
deletion
5/24 in MBD
5/24 in C-terminus
4/24 in co-repres-
sor interacting
region
Age, years 27 21-56 24-55 25-50 27-40 25-41 39 21-56
Developmental severe ID 6/7 mild/ 1/3 mild ID 4/4 mild ID 4/4 severeID  4/4 moderate ID  severe ID 24/24 variable ID
outcome moderate ID 1/3 moderate ID
1/7 profound ID 1/3 severe ID
Motor mild spasticity, 5/6 hyperreflexia 1/3 hypertonia 3/4 resting tremor  4/4 resting 3/4 resting tremor  spasticity, 11/24 tremor
symptoms hypertonia, (1NR) 3/4 hyperreflexia  tremor 3/4 hyperreflexia ~ hyperreflexia, 14/24 pyramidal
brisk reflexes, 1/4 ataxia 2/4 hypertonia choreoathetotic signs
generalized mus- movemements, 2/24 ataxia
cular atrophy; ataxic gait
frequent falling;
resting tremor
Regression +, global decline 4/6 language - 1/4 deterioration - - +, around age 30 7/24
(of psycho- since early regression of articulation motor decline/
motor function) twenties progressive spasticity
Behavior/ passivity, lack  4/7 introvert/ 1/3 irritability, 3/4 pleasant slow, friendly ~ 3/4 depression NR 6/23 shy/timid
psychiatric of initiative, timid/shy depression, emotional 1/4 aggression 2/4 aggression 10/23 mood/
cooperative, 3/7 anxiety disturbance 1/4 anxiety anxiety disorder
calm, shyand  2/7 passivity/ 1/3 poor contact and 4/23 aggression
friendly; de- slowness violence 4/23 passivity/
pression, sleep 1/3 shy, quiet, anxious, hypoactivity
disturbance and attention problems
Seizures +, grand mal, 1/7, single seizure ~ 1/3 2/4 NR 1/4 +, grand mal onset ~ 7/20
onset age 12 age 27
Recognizable - - - NR NR - - not present
facial features
Medical problems, - 1/7 severe myopia ~ NR NR NR 1/4 congestive bilateral cataract variable,
age of onset (when 3/7 kyphosis/ heart failure, age 30, episodes of ~ 4/24 kyphosis/
documented) scoliosis onset age 39 unexplained diar-  scoliosis
1/4 kyphoscoliosis  rhea; death at age 39
from pneumonia
Adult growth parameters
head circumference P25-P50 3/7 <P3 1/3normal, 2/3NR  2/4<P3 4/4 normal 4/4 normal normal 5/22 <P3
height P16 6/7 <P3 2/3 normal, 1/3NR  4/4 <P3 NR 2/4 short stature NR 12/18 short stature
weight P2 >P98in 2/5 NR 3/4 obesity NR 1/4 obesity NR 6/14 obesity
Other - - - - - macro-orchidism, siallorhoe no consistent other
pyramidal signs features
Family history learning disabil- patients are from 4 affected males in progressive tremor mother and mother low borderline intelli- all familial cases;
ities in mother  the same family, one family, no in 2 carrier females, carrier sister  intelligence gence in 1 of 2 in 4/6 families
and sister, carrier females all information about normal intelligence have mild ID carrier females; carrier females have
mother has se-  normal intelligent  carrier females in carrier females severe ID in nephew mild ID/learning
vere psychiatric difficulties
problems (NRin 1 family)

MRX/T/X/MR numbers in the heading refer to the family identification numbers in the original papers.
MBD = Methyl-binding domain; P = percentile.

Adult Phenotypes in Angelman- and
Rett-Like Syndromes
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Table 4. Clinical features in present and previously reported patients with CDKL5 mutations

Present patient Weaving Weaving Tao et al. [2004] Archer Bahi-Buisson Erezetal [2009]  Total
et al. [2004] et al. [2004] etal. [2006] etal. [2008a, b]
Mutation c464-1G>A c.183delT IVS13-1G>A 525A>T (R175S)  c.del2362_2366 C1892.1893dupTA/ Del exon 1a-3
€.229delGAAG
Number of adults 1 2 1 2 1 2 1 10
Age, years 47 19 (twins) 28 41 (twins) 18 19, 26 20 18-47
Sex f f f f f f f 10 f
Developmental severe 1D, severe ID, severe 1D, severe ID in both,  severe ID, severe ID, first severe 1D, 9/10 severe ID
outcome no speech no speech no speech no speech speech in phrases  patient able to no speech 1/10 mild ID
in twin 1, speak 3-word (speech is rare)
mild ID in twin 2 sentences, second
patient no speech
Motor signs spastic tetra-  wheelchair bound,  unsteady gait one is wheelchair ~ motor dyspraxia,  unable to walk, wheelchair bound, 10/10, comprising
plegia, unable  generalized spasticity, bound, twin sister  limited hand skills, limited hand skills hyporeflexia pyramidal and
to walk without hyperreflexia (twin 1) is able to walk since hypotonia, but sometimes
support, ataxia age 8 with support; walks and swims cerebellar
in both mild ataxia components
Regression +, decline twin 1: + normal de-  +, between ages  not significant - - +, between ages 4/10
(of psycho- motor func- velopment until 10~ 2 and 5 years 4 and 7 years
motor function) tioning months, then loss of  loss of skills
skills
Behavior/ self-mutilation, twin 1: poor eye hand stereotypies, hand stereotypies, hand stereotypies, hand stereotypies, NR 8/9 hand
psychiatric stereotypic contact, hand dystonia, sleep  mood swings, little autism, bruxism, autistic features, stereotypies
movements stereotypies disturbances eye contact and mood lability, sleep disturbances 6/9 poor social
(hand biting), interaction with sleep disturbance  (both); bruxism (2) interaction/autism
hyperactivity, environment in both 4/9 sleep
no sense of fear disturbance
Seizures
onset 6 months 1/2: 9 weeks 6 weeks 10 weeks 2 months 6-12 weeks first 2 weeks of life,
type and severity,  atonic, intrac-  1/2 infantile spasms, severe infantile  infantile spasms West syndrome,  no infantile spasms  +, mixed, intrac- ~ 9/10
therapy resistance  table; persistent later mixed® spasms, later until 6 monthsin  subsequent severe 1/2 refractory table and therapy ~ 9/9 early onset
seizures despite seizure disorder mixed intractable both, later absences mixed seizure seizures resistent 8/9 persistent se-
multiple 1/2: no seizures seizures (in one of the twins) disorder 1/2 seizure arrest vere seizure disor-
medications at 2 weeks der into adulthood
Facial features coarseness NR no dysmorphism NR NR NR coarseness, bilat-  2/3 coarseness
eral exotropia (possibly due to
anti-epileptic
medication)
Medical problems Pes equino- thoracolumbal scoliosis progressive dorso- - NR gastrostomy tube  6/8 locomotor
varus (related  scoliosis lumbal scoliois in tract problems
to spasticity), and flexion contrac- secondary to
gastrostomy tures in both spasticity
tube 2 patients with
gastrostomy
because of feeding
difficulties
Adult growth parameters
head circumference <P16 1/2 normal NR 2/2 P5-P15 normal 2/2 microcephaly  normal 2/9 microcephaly
height <P16 1/2 <P3 NR NR normal NR normal 1/8 short stature
1/2 P3-P10
weight P2 1/2 <P3 NR NR NR NR normal 2/6 cachexia
1/2 P10-P25
Autonomic constipation 1/2: breathing + episodes of - 12 NR 5/9
features abnormalities, hyperventilation,
peripheral vasomotor abdominal
disturbance; severe distention in both
constipation
Other small hands, small hands and feet; small feet, NR NR NR acne, hirsutism 4/7 small hands
corpus callosum male brother also hirsutism and/or feet

agenesis

affected, died at age
16 of respiratory
failure

P = Percentile. * Mixed: tonic-clonic, myoclonic, absences.
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Table 5. Clinical features of present and previously reported patients with genetically confirmed Dravet syndrome

Present patient 5 Present patient 6 Jansen et al. [2006] Akiyama et al. [2010] Total
Number of patients 1 1 10 25 37
Mutation ¢.5304T>G (p.Ser1768Arg) ¢.3526delG (p.Glull76fs) NR 14/25 missense missense > frameshift > nonsense
5/25 nonsense
6/25 frameshift
Age, years 34 49 mean 26 (range 18-47) 18-43 18-49
Gender m m NR 9m, 16 f 11 m, 16 f, 10 NR

Developmental severe ID, no speech severe ID, very little 1/10 normal 24/25 severe ID 31/37 severe ID
outcome speech 4/10 moderate ID 6/25 no speech 4/37 moderate ID
5/10 severe ID 8/25 very limited speech  1/37 mild ID
6/25 single words 1/37 no ID
4/25 simple speech
1/25 mild ID
Motor symptoms mild right-sided hemiplegia, clumsiness, spasticity 5/10 pyramidal 2/25 bedridden 30/37 motor signs, comprising
after epileptic state, able to walk 3/10 cerebellar 11/25 clumsy pyramidal, cerebellar and
4/10 extrapyramidal 7/25 ataxia extrapyramidal signs
2/10 no motor signs 5/25 no motor signs
Regression +, onset at age 2 years - uncommon 5/25 6/27
Behavior/ very friendly, little initiative, friendly personality, NR NR 2/2 cooperative and friendly
psychiatric obsessive traits, self-mutilation, loves to get attention personality
very high threshold of pain
Seizures
age at onset 5 months 6 months 3-8 months <first year of life 37/37 onset within first year of life
seizure types absences, tonic-clonic mixed at onset: 1/10 myclonic, generalized at adult age, variable types of seizures

4/10 generalized tonic-clonic,
5/10 febrile;

later: mixed seizures in 8/10
(tonic-clonic, absences,
mycoclonic, partial)

only in 6 mixed seizures

severity

once epileptic state, intractable
seizures despite multiple
anti-epileptic drugs

intractable seizures
despite multiple
anti-epileptic drugs

intractable seizures in 10/10

intractable in 20/25;
in 5 seizures suppressed
for 1-3 years

32/37 intractable seizures
persisting throughout adulthood

Recognizable facial - - NR NR not present

features

Medical problems upper and lower airway high hypermetropiaand =~ NR 1 patient described as 2/3 airway infection (not
infections a substantial astigmatism case report: pneumonia systematically reported)

Growth parameters ~ normal normal NR NR 12/12 normal

NR = Not reported.

present 2 patients, is summarized in table 5. Age ranged
from 18-49 years. The majority of patients had a poor
developmental outcome with severe ID in more than
80%. Seventy-five percent had motor symptoms (includ-
ing pyramidal, cerebellar, and extrapyramidal symp-
toms), varying from clumsiness to being bedridden. Re-
gression was uncommon. In 86% of all patients, intrac-
table seizures with a history of early onset in the first year
of life persisted into adulthood. Behavior characteristics
were not systematically reported, though the present 2
patients both had a friendly and cooperative personality.
Medical problems were not systematically reported. Poor
developmental and seizure outcome in combination with
motor symptoms but lack of other specific features might

Adult Phenotypes in Angelman- and
Rett-Like Syndromes

be indicative of Dravet syndrome in adult male and fe-
male patients.

Phelan-McDermid Syndrome. Clinical features of the
present patients and 15 previously reported adult patients
are summarized in table 6. The age of the patients ranged
from 19-49 years, and the present patient 7 was the oldest
one reported. Developmental outcome varied from mild
to severe ID. Most patients did have some speech ability.
We observed a tendency to deterioration in motor func-
tioning above the age of 40 years, including presence of
pyramidal signs. The present patient 7 showed a severe
decline in motor functioning as well as in cognitive and
health performance. About half of the patients did at least
have one seizure during lifetime, but severe seizure dis-
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Table 7. Distinguishing features in adult patients with different Angelman- and Rett-like syndromes

Kleefstra syndrome

Pitt Hopkins syndrome

MECP2 mutations in
males

CDKL5 mutations

Dravet syndrome

Phelan-McDermid
syndrome

Facial appearance

recognizable

recognizable

non-recognizable

non-recognizable

non-recognizable

subtle, including
long face, large ears

Epilepsy +/-, mild +/-, mild +/-, mild +, intractable +, intractable +/-, mild
Motor symptoms ~ +/-, catatonic phenomena  +/- mild +, pyramidal, tremors, +, pyramidal, cerebellar +, pyramidal, -
cerebellar cerebellar

Degree of ID moderate-severe severe mild-profound mostly severe severe mild-severe
Regression + (6/11), at adult age - +(1/3) at adult age +(4/10) - +/-
Typical behavior/  adult age onset periods with mostly happy disposition, mood/depression and (hand) stereotypies and poor friendly and autistic features,
psychiatric features passivity, decreased respon-  but diverse behavior anxiety disorders; social interaction cooperative in mood disorders

siveness and hypoactivity; ~ problems including pica  shyness and passivity general

sleep disturbance and self-mutilation
Signs of autonomic - abnormal breathing - breathing anomalies, cold and - +/- abnormal
dysfunction pattern, constipation purple feet/vasomotor disturbance, breathing pattern

severe constipation in present patient 7

Growth parameters microcephaly, short stature, microcephaly and short — microcephaly and normal-decreased normal normal-increased

and obesity in about 50%;
obesity

stature in majority

short stature in
majority

Medical problems

no consistently occurring

typical clubbing of

spinal column

spinal column deformity, scolio-

airway infections

long and/or slender

and/or other medical problems finger- and toenails deformity sis; small hands and/or feet; more often reported fingers/toes,
distinctive features feeding problems/gastrostomy 2/3 syndactyly toes
Life expectancy 59 40 56 47 49 49 (died at this age)
(oldest reported

patient, years)

frequently reported in adult patients with the presented Acknowledgements

Angelman- and Rett-like syndromes. Observed medical
problems were mostly secondary to motor complica-
tions, for example secondary scoliosis, contractures,
feeding difficulties, and airway infections due to spas-
ticity, which were predominantly observed in patients
with mutations in CDKL5, MECP2, and SCN1A.

Patients with Kleefstra syndrome and Pitt Hopkins
syndrome retain the recognizable facial features at adult
age, and thus, in these patients their facial appearance is
an important clue to the diagnosis.

In conclusion, the combination of different key clini-
cal features at adult age might be helpful to distinguish
specific Angelman- and Rett-like syndromes from each
other. These key features comprise the degree of ID, sei-
zure characteristics, motor symptoms, occurrence of re-
gression and characteristic facial appearance (Pitt Hop-
kins syndrome and Kleefstra syndrome). Knowledge
about and insight in syndrome specific adult clinical
characteristics facilitates adequate management and fol-
low-up of patients with Angelman- and Rett-like syn-
dromes and enables careful counseling of family mem-
bers regarding prognosis, natural course of the disease,
and life expectancy.
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