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Natural History of Rett Syndrome
Yoshiko Nomura, MD; Masaya Segawa, MD

ABSTRACT
Rett syndrome is a unique neurodevelopmental disorder, with onset of hypotonia, autistic tendency, and abnormalities of
fine finger movements and gross movements of the arms in early infancy. Clinical features include specific age-dependent
symptoms. Studies of early and late signs correlated locomotive dysfunction to language disability and stereotypy to regression of higher cortical functions. Studies of sleep parameters revealed early hypofunction of brainstem aminergic neurons
and late occurrence of hypofunction of dopaminergic neurons, followed by receptor supersensitivity. The syndrome’s
pathophysiology suggests that early hypofunction of aminergic neurons interferes with the development of higher neuronal systems. Particular symptoms surface at different ages throughout the natural course of Rett syndrome, with
regressional and static periods. (J Child Neurol 2005;20:764–768).

Rett syndrome, named for Dr Andreas Rett, who first identified the
syndrome, was originally assumed to be a progressive disorder.1–3
This was because a child who has Rett syndrome appears to be normal for the first 6 to 18 months, with regression occurring during
the course of the disease process, from late infancy to early childhood. A degenerative process in the central nervous system was
suspected. However, clinical observation has shown that these
children are not completely normal from very early infancy4,5 and
that the clinical status of some older patients becomes static. Neuropathologic studies have revealed no degenerative findings.6,7
Dr Rett organized the first symposium on Rett syndrome on
April 8, 1983, in Vienna, Austria. A rather small group of people from
Europe and Japan attended. In that meeting, Dr Rett described girls
and women of various ages who had Rett syndrome. The similarities and dissimilarities of characteristic symptoms and signs
according to patient age were obvious and striking. It was suggested
that the natural course of the disorder depends on the developmental course of the central nervous system, which can be abnormal, with dysfunction of the central nervous system or hierarchically
arranged neurons influencing the development of the various lev-
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els of the central nervous system. After carefully reviewing patient
histories, we proposed that the disorder starts from early infancy,
with dysfunction of brainstem aminergic neurons as the cause. However, it took some time before the disorder was widely recognized
as a developmental disorder, and onset is much earlier than initially
indicated.
Evaluating the natural history of Rett syndrome is important
because initial symptoms indicate which neurons are primarily
affected, and alterations of symptoms with age implicate the
spreading of the involved neurons or neuronal systems or the neurons whose development is influenced by the neurons initially
affected. Evaluation of abnormalities of sleep parameters and
locomotion revealed abnormalities of the aminergic neurons of the
brainstem and midbrain, which can cause malfunction of hierarchically arranged neurons of various levels.8,9
In this article, we review the natural clinical history of Rett syndrome and describe, on the basis of neurologic and clinical neurophysiologic studies, our hypothesis regarding its pathophysiology.
ONSET OF RETT SYNDROME
The most frequent presenting symptoms noted in our evaluation
of patients with Rett syndrome were abnormalities of early development.10 These abnormalities included mild placidity and frank
delay of head control. However, most often the abnormalities that
parents perceived were very subtle; parents stated that something
was not right with their child or that their baby was very good, did
not cry, and slept most of the day.4,5 These clinical characteristics
are the same as those observed in infants with infantile autism who
show delayed development of the circadian sleep-wake rhythm and
a poor response to environmental stimulation.11 In late infancy, failure to crawl and deceleration of head growth are observed. In
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early childhood, rigid hypertonus, stereotypy, epileptic seizure,
scoliosis, and loss of purposeful hand use appear.2–4
The neurophysiologic examination of sleep-wake rhythm and
sleep parameters measured by polysomnography revealed the
characteristic features that supported the underlying pathophysiology of age-dependent modification.12,13 On the basis of these
observations, we suggested that the onset of Rett syndrome was
in early infancy. The syndrome’s pathophysiology reveals that it is
a developmental disorder caused by early dysfunction of brainstem
aminergic neurons (ie, hypofunction of the serotonergic neurons
[5-hydroxytryptamine] and the noradrenergic neurons).4,14 Analysis of sleep parameters suggested abnormalities of the noradrenergic neuron, with critical age of development from 36 to 38 weeks’
gestational age to 4 months’ postnatal age, and hypofunction of
the 5-hydroxytryptamine neurons, which activate antigravity
systems by 4 months of age, and of the dopaminergic neurons,
which occurs later and is followed by the appearance of receptor supersensitivity.8,9
CLASSIFICATION AND CLINICAL STAGING
Classic Rett syndrome affects girls and is defined by a normal prenatal and perinatal period (normal for the first 6 to 18 months).15
Patients who do not meet the diagnostic criteria for the classic
course are described as having one of the following forms of Rett
syndrome: atypical, variant, forme fruste, congenital, early seizure,
preserved speech, and male variant. In a British survey of 640
patients with Rett syndrome, 83% had the classic form and the rest
were classified as atypical.16
In 1986, Hagberg and Witt-Engerström proposed four stages
of Rett syndrome.17 Stage I is from 6 months to 1¹⁄₂ years; patients
are symptomatic but without apparent regression. Stage II is from
1 to 3 or 4 years and comprises a period of regression. Stages III
and IV are after regression and are characterized as periods of stabilization, from preschool to adult ages and older. In 2001, the
staging was modified by Kerr and Witt Engerström on the basis of
the British survey and is summarized as follows: preregression,
regression, and postregression.16 These three periods are correlated
to stage I, stage II, and stages III and IV by Hagberg and WittEngerström.17 It was also said that preregression period starts
much earlier than previously considered,16,18 which was in accordance with our original proposal.4,5
AGE-RELATED ALTERATION OF SYMPTOMS
Early Infancy (First 6 Months)
It has been stressed that children with Rett syndrome appear to be
normal in the initial 6 to 18 months of life; however, our analysis
of motor milestones revealed that most showed delays in rolling
over10 and some in head control.19 We evaluated the development
of the motor milestones in 130 patients; 16% had delays in head control and 32% in rolling over. A retrospective questionnaire on the
behavioral characteristics in infancy showed the babies to be quiet
and placid. The delay in decrement of daytime sleep in late infancy
to early childhood was also obvious. The placidity was attributed
to the decrease in postural muscle tone.
The similar impression with regard to this period, such as
undemanding nature, has also been pointed out by others.16
Although detected only by careful history taking, abnormal exces-
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sive movements of the hands and fingers, habit-like movements
of the hands and mouth, licking, or teeth grinding was present from
early infancy.16,19 An analysis of a home video from birth to 12
months revealed signs of potential difficulty in appearance, posture, movement, and contact. Researchers also reported some
progress in the preregression period.20,21 Abnormalities in generalized and fine finger movements were also pointed out during
analysis of the home video (ie, detailed analysis of particular general movements for the first 4 months); none had normal general
movements, and a specific abnormal general movement pattern
was not detected, but they differed from movements associated
with acquired brain lesions.22
Late Infancy to Early Childhood
Originally, late infancy to early childhood was the period believed
to be associated with the onset of the classic form of Rett syndrome.
This is the regression period, and babies who appeared to be normal were said to show rather sudden onset of autistic tendency.23,24
Delay in motor milestones becomes apparent within months. The
result of our evaluation with the same cohort of 130 cases showed
a delay in the ability to sit in 41.2% (40 of 97 whose ages when they
began to sit were known), to crawl in 63.6% (28 of 44 whose ages
when they began to crawl were known; 71 never crawled), and to
walk in 83.3% (55 of 66 whose ages when they began to walk were
known). Speech delay became apparent. Losing purposeful hand
use is observed at around 12 to 18 months, which is followed by
pathognomonic hand stereotypies. After the occurrence of the
stereotyped movements, some patients lost the ability to use words
that they had previously attained, and other regression of symptoms became apparent. Toward early childhood, muscle hypertonus,
starting from the legs, became apparent, and often the child showed
pes varus or vulgus. Head growth began to decelerate after late
infancy.
The precise pathomechanism of the regression is not known.
The earlier onset of regression tends to be associated with a poorer
outcome.25 Similarly, the severity of the preregression period is also
associated with the age at regression. In some cases, the regression period is not clear. In those patients, clinical features seem to
be milder.
Childhood to Adulthood
Symptoms become stabilized in the period spanning from childhood
to adulthood. Autistic features begin to disappear, and the child
begins to associate with the environment. However, intellectual ability is severely affected. Motor symptoms seem to show slow progression. Dystonic muscle hypertonus increases, resulting in joint
contracture. Scoliosis begins to slowly progress. Abnormal autonomic function, including breathing abnormalities, becomes evident. Epileptic seizures occur in some cases. However, during this
period, a patient’s overall condition typically stabilizes. The severity score seemed to rise until 15 years of age and to flatten at
25 years.
A British survey on death showed that in about half of the cases
evaluated, patients died in a wasted condition, often around 15 to
20 years of age. The rest were from epileptic attack and from
causes unrelated to the pathologic processes of Rett syndrome.16
About a quarter of the deaths were sudden death and occurred without relation to a particular age. The annual death rate was shown
to be 1.4% in Sweden and 1.2% in Britain.16
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Late Adulthood to Old Age
In most cases, once a patient reaches adulthood, the condition stabilizes. If dementia progresses, muscle tone shows plastic rigidity
and parkinsonism (but without tremor) seems to present. The
scoliosis can stabilize in some. Often epileptic seizures decrease
in frequency and severity. Overall clinical features become static.
Correlation of Early and Later Symptoms
The age-related clinical features of Rett syndrome reflect the
underlying neuronal mechanism showing the changes according
to the maturation of the neuronal systems. Whether later symptoms
are primary or secondary remained unanswered. So the initial
symptoms occurring in infancy and early childhood were correlated
to later symptoms of dysfunction of the higher cortical function,
which is assessed by the ability to speak words.
Ages at which motor milestones were attained and those at
onset of seizures and stereotypy were correlated between the
groups with and without words. A correlation was observed in locomotion (ie, crawling and gait).26 The same analysis was done with
an increased number of patients (n = 100, 60 with words and
40 without). The results were the same, although the P values
differed (ie, the significant differences were observed in crawling
[P = .0068] and walking [P = .0533]). The rest of the motor milestones and the onsets of the stereotypy and seizures did not differ
between the groups with and without words (Figure 1).
When the grade of stagnation of the head circumference was
correlated to developmental failure among four groups (ie, words
[+] gait [+], words [+] gait [⫺], words [⫺] gait [+], and words [⫺] gait
[⫺]), it was revealed that stagnation was most prominent in the group
of words (⫺) gait (⫺).26 It was also shown that the stereotyped
movement correlated to the regression of higher cortical function.26
SUMMARY OF SLEEP STUDIES
Sleep is a physiologic behavior controlled by the aminergic neurons in the brain stem and the midbrain and the cholinergic neurons of the pons. Sleep-wake rhythm can be analyzed by reviewing
a sleep diary, and sleep parameters are measurable by polysomnography.27 To identify the involvement of the aminergic neurons of
the brain stem and the midbrain in Rett syndrome, we evaluated
the sleep-wake rhythm and polysomnography in patients.
In infancy, patients with Rett syndrome tended to sleep longer
during the day, with a delay in the formation of day-night rhythm.
As these patients grew older, there was a delay in physiologic
decline in daytime sleep and total daytime sleep time was longer
compared with that of normal peers. The lack of decrement of the
daytime sleep observed in Rett syndrome indicates development
of abnormal sleep amplitude after 4 months of age.4,14 However,
circadian sleep-wake rhythm developed.
The results of polysomnography revealed that rapid eye movement (REM) sleep parameters are present by 36 weeks’ gestational
age.8,9,28,29 Abnormalities included the development of the phasic inhibition index,30 that is, inhibition of the twitch movement appearing
in the period of burst occurrence of REMs in REM stage and leakage of atonia of REM stage into non-REM, which indicate that the
abnormality is taking place between 36 or 38 weeks’ gestational age
and 4 months’ postnatal age and suggest hypofunction of noradrenergic and 5-hydroxytryptamine neurons. Body movements during sleep
were studied. Both gross movements and twitch movements revealed

Figure 1. Differences of the ages at which motor milestones were
attained and onset of stereotypy and seizures in the patient groups
with or without words.

different patterns between patients younger than 6 years of age and
older than that.12 Frequencies of twitch movements in REM stage in
younger children showed a decrement, suggesting hypofunction of
dopaminergic transmission, but older patients showed an increment,
suggesting an increase in dopaminergic transmission owing to the
occurrence of supersensitivity of dopaminergic receptors.
PATHOPHYSIOLOGY
The natural course of Rett syndrome is unique. The age-dependent
appearance of the specific clinical features reflects the changes
occurring along the maturation of the responsible neuron or neuronal systems. The age-dependent feature of the disorder is important when considering the pathophysiology. During the maturation
of the nervous system, it is important to remember that the responsible neurons or neuronal systems have to reach certain levels of
maturation for symptoms to manifest.8,31
The earliest clinical features of Rett syndrome are hypofunction of postural tone and failure in locomotion, which are
caused by hypofunction of the brainstem aminergic neurons (ie,
noradrenergic and 5-hydroxytryptamine neurons). These cause a
poor response to environmental stimulation, poor formation of circadian rhythm, and more sleeping during daytime, which also
induces autistic tendency.
Characteristic stereotyped hand movement appears after loss
of purposeful hand use. This movement is also characterized by the
fixed position of the hand, which does not change through the
course. Furthermore, the hand or fingers show dystonic posture. We
can replicate the pattern in a monkey with a lesion in the unilateral
supplementary motor area.
Thus, dysfunction of the substantia nigra–dopaminergic neuron causes dystonic hypertonus through the descending pathway
of the basal ganglia and suppresses purposeful hand use and
stereotyped movements by inducing dysfunction of the premotor
area and the supplemental motor area through the basal ganglia–thalamo-cortical pathways. As mentioned before for the repetitive stereotyped movement, the occurrence of dopaminergic
receptor supersensitivity might be involved.
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Age-dependent clinical features are observed in the changes
of the hand stereotypy. It initially starts as the normal behavior of
the hand clapping, particularly when the child gets excited. As these
children age, the dystonic posture begins to develop and the characteristic hand stereotypy of Rett syndrome appears.
We suggested that dysfunction of higher cortical function
correlates with the grade of deceleration of head growth and grade
of severity of failure of locomotion but not with stereotyped movements. These suggest that the locomotion is the key function
reflecting development of higher cortical function, here evaluated
by the ability to speak words. Which neuronal system underlies this?
Locomotion is under the control of the propriospinal locomotion systems, and for this system to activate, tonic innervation
of the brainstem noradrenergic and 5-hydroxytryptamine neurons
is necessary through the descending reticulospinal projection from
brainstem noradrenergic and 5-hydroxytryptamine systems.32
Analysis of the sleep studies also suggested that the behavior in the early infancy is due to the hypofunction of the 5-hydroxytryptamine and noradrenergic system in the brain stem and that
in late infancy to early childhood, dopaminergic dysfunction leads
to the characteristic symptoms. Restriction of atonia in REM stage
from 4 months of age induces synaptogenesis of the brain and makes
possible integrative function of the brain. Thus, the existence of
atonia in non-REM stages after 4 months causes failure to develop
controlled and integrated activity of the whole brain. Furthermore, noradrenergic dysfunction in this period causes profound
failure of the synaptogenesis of the cortex, except the occipital area,
and causes microcephalus.4,8,9,31 Leakage of atonia of REM stage into
non-REM sleep also causes inhibition of all reflex systems, including those of the autonomic nervous system. This can later appear
as abnormal respiration.
The brain-stem monoaminergic system involved in postural
tone and locomotion can influence the function of the pedunculopontine tegmental nucleus. Dysfunction of these aminergic neurons causes dysfunction of the pedunculopontine tegmental nucleus
and consequently induces dysfunction of the nigrostriatal and the
ventrotegmental dopaminergic neurons and the Meynert nucleus. The
dysfunction of these nucleus could finally cause the failure of the
synaptogenesis of the frontal cortex directly or through the basal ganglia and cause marked failure in synapses and dendrite formation
of the frontal cortex. These processes appear in the neuropathologic
and neurohistochemical findings of Rett syndrome. Neuropathology
shows a brain the size of a normal 12-month-old child without degenerative changes33 but reduced size of neurons in the frontal cortex
and reduced dendritic branching of pyramidal neurons of frontal, temporal, and motor cortices in layers III and V, with predominance in
the frontal cortex. These suggest a developmental failure.
Alterations in neurochemical substances showed that the
abnormality involved the 5-hydroxytrypamine, dopamine, substance P, choline acetyltransferase, microtubule-associated proteins 2 and 5, cyclooxgenase 2, adenosine monophosphate acid, and
N-methyl-D-aspartate receptors (NMDA), nerve growth factor and
glutamate (cerebrospinal fluid). These biochemical changes suggest
the involvement of neuronal processes for the structural changes.
An excitotoxic lesion of the pedunculopontine tegmental
nucleus produced contralateral hemiparkinsonism in a monkey,
which caused decreased tyrosine hydroxylase in the substantia nigra
without gliosis.34 These are identical to the changes in the substantia
nigra seen in Rett syndrome. These suggest that dysfunction of
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5-hydroxytryptamine and noradrenaline neurons causes dopaminergic dysfunction via the pedunculopontine tegmental nucleus.34 Animal studies suggested the involvement of the dopaminergic neuron
for stereotypy in an methyl-phenyl-tetrahydropyridine-treated monkey, in that dopaminergic lesion of striatum with dopaminergic
receptor supersensitivity (Hikosaka and colleagues, personal communication). These experiments postulate the neuronal processes
underlying how the early hypofunction of 5-hydroxytryptamine
and noradrenergic neurons causes hypofunction of dopaminergic
neurons and the involvement of dopaminergic receptor supersensitivity leading to repetitive stereotyped movements. The correlation of the clinical severity to a certain mutation pattern of the
causative gene, methyl-CpG binding protein 2 (MECP2), is shown
in some cases. However, the exact role of MECP2 in the early
process, particularly for the aminergic neurons, has not yet been
clarified. Further research on the clinicobiologic correlation will contribute to the understanding of the natural course of the disorder.
References
1. Rett A: Über ein Cerebral-Atrophisches Syndrombei Hyperammonämie. Wien, Brüder Hollinek, 1966.
2. Rett A: Cerebral atrophy associated with hyperammonaemia, in
Vinken PJ, Bruyn GW (eds): Handbook of Clinical Neurology, vol
29. Amsterdam, North-Holland, 1977, 305–329.
3. Hagberg B, Aicardi J, Dias K, Ramos O: A progressive syndrome
of autism, dementia, ataxia, and loss of purposeful hand use in girls:
Rett’s syndrome—Report of 35 cases. Ann Neurol 1983;14:471–479.
4. Nomura Y, Segawa M, Hasegawa M. Rett syndrome—Clinical
studies and pathophysiological consideration. Brain Dev
1984;6:475–486.
5. Nomura Y, Segawa M: Clinical features of the early stage of the
Rett syndrome. Brain Dev 1990;12:16–19.
6. Jellinger K, Seitelberger F: Neuropathology of Rett syndrome. Am
J Med Genet 1986;Suppl 1:259–288.
7. Armstrong DD, Dunn JK, Antalffy B, Trivedi R: Selective dendritic alterations in the cortex of Rett syndrome. J Neuropathol
Exp Neurol 1995;54:195–201.
8. Segawa M: Pathophysiology of Rett syndrome from the standpoint
of clinical characteristics. Brain Dev 2001;23(Suppl 1):S94–S98.
9. Nomura Y, Segawa M: The monoamine hypothesis in Rett syndrome, in Kerr AM, Witt Engerström I (eds): Rett Disorder and
the Developing Brain. New York, Oxford University Press, 2001,
205–225.
10. Nomura Y, Honda K, Segawa M: Pathophysiology of Rett syndrome. Brain Dev 1987;9:506–513.
11. Segawa M: Abnormalities in sleep parameters in infantile autism—
Their pathophysiological importance. Jpn J Neuropsychopharmacol (Tokyo) 1993;15:793–800.
12. Nomura Y, Segawa M: Anatomy of Rett syndrome. Am J Med
Genet 1986;24:289–303.
13. Nomura Y: Neurophysiology of Rett syndrome. Brain Dev
2001;23(Suppl 1):S50–S57.
14. Nomura Y, Segawa M, Higrashi M: Rett syndrome—An early catecholamine and indolamine deficient disorder? Brain Dev
1985;7:334–341.
15. Hagberg B, Goutières F, Hanefeld F, et al: Rett syndrome: Criteria for inclusion and exclusion. Brain Dev 1985;7:372–373.
16. Kerr AM, Witt Engerström I: The clinical background, in Kerr
AM, Witt Engerström I (eds): Rett Disorder and the Developing
Brain. New York, Oxford University Press, 2001, 1–26.
17. Hagberg B, Witt Engerström I: Rett syndrome: A suggested staging system for describing impairment profile with increasing age
towards adolescence. Am J Med Genet 1986;24:47–59.

Downloaded from jcn.sagepub.com at Skane County Council on August 31, 2016

768

18.

Journal of Child Neurology / Volume 20, Number 9, September 2005

Kerr AM, Stephenson JB: A study of the natural history of Rett syndrome in 23 girls. Am J Med Genet Suppl 1986;1:77–83.

19. Nomura Y, Segawa M: Characteristics of motor disturbances of
the Rett syndrome. Brain Dev 1990;12:27–30.
20.

Burford B, Kerr AM, Macleod HA: Nurse recognition of early
deviation in development in home videos of infants with Rett
disorder. J Intellect Disabil Res 2003;47(Pt 8):588–596.

31. Segawa M: The role of genetic and environmental factors in brain
development: Development of the central monoaminergic nervous
system, in Kerr AM, Witt Engerström I (eds): Rett Disorder and
the Developing Brain. New York, Oxford University Press, 2001,
183–203.
32.

22. Einspieler C, Kerr AM, Prechtl H: Abnormal general movements
in girls with Rett disorder: The first four month of life. Brain Dev
2005;27(Suppl): in press.

Segawa M, Takano M, Shimohira M, et al: Locomotion in late
infancy and development of higher cortical function at later ages,
in Perat VM (ed): New Developments in Child Neurology.
Bologna, Italy, Monduzzi Editore, International Proceedings Division, 1998, 27–30.

33.

Armstrong DD: Rett syndrome neuropathology review 2000. Brain
Dev 2001;23(Suppl 1):S72–S76.

23. Witt Engerström I: Rett syndrome: The late infantile regression
period—A retrospective analysis of 91 cases. Acta Paediatr
1992;81:167–172.

34. Kojima J, Yamaji Y, Matsumura M, et al: Excitotoxic lesions of
the pedunculopontine tegmental nucleus produce contralateral
hemiparkinsonism in the monkey. Neurosci Lett 1997;226:
111–114.

21. Burford B: Challenges and responsibilities in early diagnosis of
Rett disorder. Brain Dev 2005;27(Suppl): in press.

24. Witt Engerström I: Age related occurrence of signs and symptoms
in Rett syndrome. Brain Dev 1992;14(Suppl):S11–S20.
25. Kerr AM: Prescott R. Predictive value of the early clinical signs
in Rett disorder. Brain Dev 2005;27(Suppl): in press.
26.

Segawa M: Early motor disturbance in Rett syndrome and its
pathophysiological importance. Brain Dev 2005;27(Suppl):in
press.

27.

Segawa M: Sleep mechanism and its development. Pediatrics
1987;20:828–853.

28. Segawa M, Nomura Y: The pathophysiology of the Rett syndrome
from the standpoint of polysomnography. Brain Dev 1990;1:55–60.

35.

36. Johnston MV, Jeon OH, Pevsner J, et al: Neurobiology of Rett syndrome: A genetic disorder of synapse development. Brain Dev
2001;23(Suppl 1):S206–S213.
37. Kaufmann WE: Cortical development in Rett syndrome: Molecular, neurochemical, and anatomical aspects, in Kerr AM, Witt
Engerström I (eds): Rett Disorder and the Developing Brain. New
York, Oxford University Press, 2001, 85–110.
38.

Hoffbuhr K, Devaney JM, LaFleur B, et al: MeCP2 mutations in children with and without the phenotype of Rett syndrome. Neurology 2001;56:1486–1495.

39.

Kudo S, Nomura Y, Segawa M, et al: Heterogeneity in residual function of MeCP2 carrying missense mutations in the methyl CpG
binding domain. J Med Genet 2003;40:487–493.

29. Segawa M, Nomura Y: Polysomnography in the Rett syndrome.
Brain Dev 1992;14(Suppl):S46–S54.
30. Kohyama J, Ohinata J, Hasegawa T: Disturbance of phasic chin
muscle activity during rapid-eye-movement sleep. Brain Dev
2001;23(Suppl 1):S104–S107.

Matsuishi T, Yamashita Y, Kusaga A: Neurobiology and neurochemistry of Rett syndrome. Brain Dev 2001;23(Suppl 1):S58–S61.

Original Article

Does Genotype Predict Phenotype
in Rett Syndrome?
Andrea L. Ham, MS; Asmita Kumar, PhD; Rose Deeter, BS; N. Carolyn Schanen, MD, PhD

ABSTRACT
Mutations in the X-linked gene encoding the methyl-CpG binding protein MeCP2 are the primary cause of classic and atypical Rett syndrome and have recently been shown to contribute to other neurodevelopmental disorders of varying severity.
To determine whether there are molecular correlates to the phenotypic heterogeneity, numerous groups have performed
genotype-phenotype correlation studies. These studies have yielded conflicting results, in part because they used different criteria for determining severity and classifying mutations. Evolution of the phenotype with age and variable expressivity
arising from individual variability in X-chromosome inactivation patterns are among other reasons the findings varied.
Nonetheless, evidence of differences in the phenotypic consequences of specific types of mutations is emerging. This
review analyzes the available literature and makes recommendations for future studies. (J Child Neurol 2005;20:768–778).
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