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From a series of 107 females with Rett syndrome
(RTT), we describe the long-term history of ten
females with a deletion in the C-terminus of the
MECP2 gene. We observed that their disorder
profile is clinically recognizable with time and
different from other atypical and milder RTT
phenotypes. In females with hot spot deletions in
the C-terminus, dystonia is present from child-
hood and results in a serious spine deformation in
spite of preventive measures. Their adaptive
behavior is surprisingly better preserved and in
contrast with the typical decline in motor func-
tioning. The delineaton of disorder profiles by
long-term clinical observation can teach us about
genotype/phenotype relationships and eventually
about the effect of epigenetic phenomena on the
final phenotype. � 2004 Wiley-Liss, Inc.

INTRODUCTION

Rett syndrome (RTT) is a neurodevelopmental disorder
[Hagberg et al., 1983] caused by a mutation in the gene
encoding methyl-CpG-binding protein 2 (MECP2) [Amir et al.,
1999]. Classical and variant phenotypes are diagnosed clini-
cally according to international criteria [Hagberg et al., 1990,
2002]. Literature data show that mutations are found in more
than 80% of RTT cases, with the highest mutation rates in
classical RTT and in about 65% of the variants [Smeets et al.,
2003]. More than 200 different mutations have been described
in RTT and about 10% consist of intragenic deletions in the C-
terminal segment (CTS) of the MECP2-gene, between nucleo-
tides 1,050 and 1,200 [Lee et al., 2001]. The aim of the present
study was to evaluate the long-term history of ten females
with deletions in this hot spot of the gene with respect to
preservation of motor abilities, communication, and behavior.

MATERIALS AND METHODS

Between 1983 and 2002, we examined 107 girls and women,
aged between 2 and 61 years, with a clinical diagnosis of Rett

syndrome. According to the revised clinical criteria for diag-
nosis of classical and variant phenotypes [Hagberg et al., 2002]
64 (60%) presented the classical phenotype (CR) and 43 (40%)
one of the RTT variants (RV). We used the clinical scoring
systemasdescribed by expert clinicians [Kerr et al., 2001] in all
females. Each RTT individual was observed for personal
abilities and behavioral characteristics and assessed by the
first author together with the parents and/or caretakers. A
second more simplified score was given leaving out sleep
disorder and mood disturbance, breathing dysrhythmia,
muscle tone, involuntary movements, head circumference
and other growth parameters. In these milder RTT variants
these manifestations were not markedly present and not
contributing to the clinical severity. Gross motor sitting, and
walking ability, remaining functional hand use, speech ability,
epilepsy, and neurogenic scoliosis were, therefore, considered
more likely to influence the long term evolution. A score from 0
to 3 was given for these six items as shown in Table I. 0 for the
normal situation; 1 when there was impairment without total
loss ofmotor ability, reduced handuse, some preserved speech,
previous epilepsy, or seizures well controlled by medication,
mild scoliosis; 2 when there was loss of function, apraxia, no
speech, uncontrolled epilepsy, severe scoliosis; 3 when the
function was never acquired, status epilepticus, surgery for
scoliosis. The maximum score is 18: below 9 the condition was
considered as mild.

DNA analysis of theMECP2 genewas performed byDHPLC
screening followed by sequencing analysis to identify and con-
firm thenature of themutation.Exon3and4were amplified by
a standard touch downPCR from genomic DNA in respectively
twoandfive overlapping fragments, essentially as described by
Amir et al. [1999]. The fragments were analyzed by DHPLC
(WAVE system, Transgenomic, Crewe, UK). Possible muta-
tions were subsequently identified by sequencing with Big
Dye Terminators as described by the manufacturer (Applera,
Nieuwkerk a/d IJsel, The Netherlands) and analyzed on
AB13100 (Applied Biosystems). In the initially mutation-
negative subjects, analysiswasexpandedby complete sequenc-
ing and LR PCR. Finally, a Southern Blot and MLPA were
performed to establish larger deletions or gross rearrange-
ments as described bySchollen et al. [2003].X-inactivationwas
studied in24 of the107 females.TestedX-inactivationpatterns
were skewed in five but could not be related to the degree of
clinical severity. The overall mutation detection rate in the
whole series was 87%, 92% in CR, and 79% in RV. Recurrent
mutations were found as well as complex mutations and gross
rearrangements [Schollen et al., 2003]. We found ten variants
(9%) with deletions in the hot spot of the CTS, all detected by
DHPLC screening. Cases 1, 5, 6, 7, and 8 were previously des-
cribed [Smeets et al., 2003].
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RESULTS

Table II presents the individual data of the ten females, the
molecular findings and simplified score at the time of the last
examination. Retrospectively, the age at diagnosis was be-
tween 3 and 13 years in nine individuals; individual five was
diagnosed at the age of 54 years.

All ten patients were able to sit. Walking was considered
impaired in patients 4, 7, and 10. In patient 7, imbalance was
due to anxiety after the operation for scoliosis and residual
pain. Walking patterns, apart from being broadly based in all
cases were particularly awkward in patient 4 and 10. They
used their left leg to choose direction of gait tilting the other
leg very high up before placing it back onto the floor causing
them towalk in circles. Patient 9 (Fig. 1), themildest in clinical
presentation, took short stiff steps like in patients with
Parkinson disease (walking behind the gravity point). She
needed orthopedic shoes with an upgrading under her forefoot
to help her stop in time at the target. Hand use was reduced in
nine patients, and totally absent in patient 4. Handswere used
in automatic handling (e.g., opening doors, clothing, shake
hands, self-feeding, and drinking) as well as in intentional
grasping. Intentional grasping is clearly present inmost cases,
but the reaching out is suddenly interrupted by flexion of the
elbow and lost into the characteristic stereotyped movement.
The preserved level of grasping, fine motor pincer grasp or
gross motor tripod grasp, mimics the grasping patterns of
young infants. Hands, fingers (and even feet) were also used in
contact behavior for touching, caressing, pitching, and skin
picking. Speech was present in cases 1, 6, and 7 with the use of
several meaningful words or two word phrases in direct com-
munication. This ability seems to fluctuate with age. Parents
indicated in cases 1 and 6 that this abilitywas declining, and in
case 7 regaining with advancing age. Epilepsy was uncon-
trolled bymedication in patient 2. The remaining patients had
been seizure free for many years or were well controlled by
medication. The most remarkable manifestation in this group
was their spine deformation. The scoliosis (cases 1, 2, 4, 6, 7, 8)
was S-shaped and dextro-sinistro convex. It interfered with

walking and pulmonary function necessitating surgical inter-
vention in four patients in adolescence. In patient 2, parents
refused surgerybecause of poornutritional condition. Patient 6
had a severe but stable scoliosis at the time of examination at
age 25 years. In the four patients (3, 5, 9, 10) with a high
kyphosis the bending with protruding shoulders started in
childhood and progressed in adolescence. The associated scoli-
osis was of the low lumbar torsion type.

Dystonia (or extrapyramidal asymmetry) is a well known
manifestation of RTT. In these individuals it is probably the
major cause of the spine deformation since hypotonia and
muscle wasting were not present at the time of examination.
The females with kyphosis might have had axial hypotonia;
those with scoliosis more extrapyramidal asymmetry.

Table III comments on their personal history, abilities, and
behavior. All females presented as RTT variant in infancy ex-
cept for patient 5who presentedwith psychomotor retardation
from birth on. She was diagnosed as congenital onset variant
but without devastating early epileptic encephalopathy. The
behavior of these ten females can be defined as lively, curious,
alert, friendly, tempting, and teasing at younger age, and
prone to agitation and crying when they feel not safe. Some
remain often ‘‘in their own world’’ giving the impression of
‘‘autism.’’ All of them used their eyes to express feelings,
wishes, and needs in the for RTT characteristic way. Many
remain able to learn about new situations and persons in their
daily surrounding. But in spite of a relatively well-preserved
adaptive behavior they became more passive in behavior with
lesser facial expression with advancing age.

DISCUSSION

We report on ten RTT females with an intragenic deletion in
the C-terminal segment (CTS) of the MECP2 gene. Although
they present as ‘‘classical’’ at older age, in the beginning they
are like the form fruste as described by Hagberg et al. [1993,
1994]. The course of the disorder in all of them is more
protracted in time, with more preserved cognitive functions in

TABLE I. Simplified Score System

Score 0 1 2 3

Sitting Normal Impaired Lost Never acquired
Walking Impaired Lost Never acquired
Hand use Reduced Lost Never acquired
Speech Some words Lost Never acquired
Epilepsy Controlled Uncontrolled Status epilepticus
Scoliosis/kyphosis Mild Severe Operated

TABLE II. Clinical and Molecular Data of 10 Females With CTS Hot Spot Deletions

Case YOB
Nucleotide
change XCI

Onset
(month)

Diagnosis
(year)

Examined
(year) Score Sitting Walking

Hand
use Speech Epilepsy Scoliosis

1 1977 1151del41 rd 17 3 23 6 0 0 1 1 1 3
2 1988 1152del41 14 5 15 7 0 0 1 2 2 2
3 1989 1157del44 14 13 13 4 0 0 1 2 0 1
4 1976 1159del35 18 13 26 8 0 1 2 2 0 3
5 1946 1163del45 rd 2 54 55 6 0 0 1 2 1 2
6 1976 1164del44 rd 12 10 25 5 0 0 1 1 1 2
7 1982 1164del44 rd 15 2 19 7 0 1 1 1 1 3
8 1987 1164del44 skw 12 4 14 6 0 0 1 2 1 3
9 1989 1226del41 18 11 13 3 0 0 1 2 0 0
10 1985 1232del44 12 9 17 6 0 1 1 2 1 1

XCI, X inactivation; rd, random; skw, skewed.
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adolescence and adulthood. Their main clinical problem is a
gradual decline of gross motor ability in spite of all preventive
measurements, and a rapidly progressive spine deformation as
a consequence of marked dystonia that is present from
childhood. With advancing age they become more impaired in
walking, at least slower and more passive in general motor
performance, more inappropriate in hand use and with the

tendency to use lesser verbal expression (in the preserved
speech variants). The short stature (as expected in classical
RTT), the overall rigid posturing with pronounced kyphosis or
scoliosis, the abiotrophic changes in skin and under lying
muscles and the slowing of motor performance, give them a
‘‘pre-aging’’ appearance. In contrast with this decline in motor
capacities is the preservation of simple communicative and

Fig. 1. Patient 9 at age 13 years.

TABLE III. Clinical Comments on Disorder Profile

Case

1 PSV, rapid progressive scoliosis (operation at 16 years), some preserved speech, tripodgrasp, friendly quiet behavior, uses eye
contact to express feelings, wishes, and needs

2 FF as a child, more and more classical as an adult: cluster epilepsy, severe S-scoliosis not operated, poor nutritional condition
and muscle wasting, no mood swings, no breathing irregularities, truncal ataxia progressing with age, dyspraxic reduced
hand use but very agile tripod grasp, quiet behavior, sometimes in her own world, uses eye contact to express feelings,
wishes, and needs, (sudden death in 2003)

3 FF, high kyphosis, lumbar scoliosis, indicates bladder control, no mood disturbance, good general condition, predominant
autistic behavior, refuses contact when not on her own initiative

4 FF, progressive scoliosis since age 8 years (operated at 19 years), periodic involuntary and cloniform jerking of the left leg at the
age of 26 years, ‘‘leftfooted,’’ feels with the left foot, quiet behavior as an adult, spells of agitation and automutilation in
childhood, still mood swings

5 COV, early onset of retardation, severe kyphosis and scoliosis, hands on midline but opens doors, friendly but yells when feels
not safe, knows her way in the group home, recognizes persons, helps herself in daytime activity, severe equinus of feet,
asymmetric hypertonia, contractures of fingerjoints, likes body care, painted fingernails, and hairdresser

6 PSV, rapid progressive scoliosis from 10 years of age, somewords and reduced hand use, normal behavior, lost some vocabulary
the last years

7 PSV, rapid progressive scoliosis (posterior and anterior fusion at 19 years), reducedmotor performance from 16 years, friendly,
social, and alert, twoword frases, still learning new things and regainingmore words in the last years, recognition of persons,
refuses to walk after the scoliosis operation

8 FF, rapid progressive scoliosis (operation at 14 years), panting and bloating, knows SMOG pictograms, friendly, social, and
alert, seeking contact by touching and pincing or putting her hand on your shoulder, uses eye contact to express feelings,
wishes, and needs

9 FF, high kyphosis with protruding shoulders, speech is more a directed imitation of words and sounds, short attention span in
play and contact with non-verbal developmental level between 12 and 15 months, still able to learn new things, makes
drawings, knowledge of concepts likes colors and cars, intermediate pincer to tripod grasp, mild gross tremor, grimacing
facial expression, no mood swings, friendly teasing behavior, sometimes in her own world, easily expressing wishes, and
needs, recognition of persons and pictograms

10 FF, marked kyphosis with protruding shoulders when seated, panting, bloating, uses eye contact to express feelings, wishes,
and needs, points left-handed, reduced tripod hand use, does not like to be touched, prone to agitation when not safe,
‘‘leftfooted’’ gait and awkward tilting of the right leg, mild gross tremor

PSV, preserved speech variant; FF, form fruste; COV, congenital onset variant.
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cognitive abilities, even still able to recognize and to learn
about new persons and situations in their daily surrounding
far into adult life. Recently a case report of an odd RTT variant
with a CTS hot spot deletion [Hagberg et al., 2003] was
described. Her history and disorder profile seems very similar
to the patients described in the present report. Hagberg et al.
[2003] refers to the ongoing neuromotor impairment as a
decline ‘‘at the output-side’’ in contrast to a better functioning
‘‘at the input-side.’’

Describing disorder profiles, obtained through long-term
observation can teach us about the genotype/phenotype
relationship and might especially contribute to the under-
standing ofmodifying factors [Renieri et al., 2003] or epigenetic
phenomena influencing the expression of mutations [Chen
et al., 2003; Martinowich et al., 2003]. XCI patterns were not
contributing to the disorder profile but were not studied in all
cases. In our series the CTS hot spot deletions represent 9% of
theRTT genotypes. This confirms that they formamajor group
in the spectrum of recurrent mutations [Laccone et al., 2001;
Lee et al., 2001]. Someauthors have correlated the typeand the
location of mutations with the clinical phenotype [Huppke
et al., 2002; Leonard et al., 2003]. They concluded that all
mutations that lead to either complete or partial truncation of
the region encoding for the nuclear localization signal are
associatedwithamore severe phenotype thanother truncating
mutations. In addition there is evidence that the carboxyl-
terminal segment of MeCP2 facilitates binding to the nucleo-
some core [Chandler et al., 1999]. In CTS hot spot deletions
truncation occurs beyond the coding regions and is not
involving the nuclear localization signal. This might partially
explain their atypical or ‘‘milder’’ course that ishowever in time
still clinically recognizable as Rett syndrome.

CONCLUSIONS

In our experience, the CTS hot spot deletion clinically leads
to a disorder profile that is recognizable in time and different
from other atypical and milder RTT phenotypes. In females
with CTS hot spot deletions dystonia produces more rapidly,
from pre-school age on, a serious spine deformation in spite of
all preventive measures. Their adaptive behavior is surpris-
ingly better preserved and in contrastwith a gradual decline in
motor performance.

Grouping individual patients by location of their mutation
in the MECP2 gene rather then by mutation type will contri-
bute to the actual knowledge about the genotype-phenotype
relationship.A long-term followup is importantwith respect to
the development of therapies or rehabilitation measurements
to eventually prevent further impairment.
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