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Definition and History

Rett syndrome (RS, RTT; MIM 312750) is a neurodeve-
lopmental disorder caused by a mutation in the gene
methyl-CpG-binding protein 2 gene (MECP2) encoding
for methyl-CpG-binding protein2 (MeCP2).

Since the first clinical delineation, substantial progress
has been achieved in the clinical understanding of RS,
which has been further fortified by the finding of the
causative gene.

Tts clinical feamres consist of autistic symptomatology,
mental retardation, stereotyped movements mainly
involving hands and mouth, dystenia, scoliosis, epilepsy,
abnormal respiratory patterns, acquired microcephalus,
and female preponderance.

In RS, particular signs and symptoms appear in an age-
dependent fashion and this is considered to be due to
abnormal synaptogenesis at certain stages of the course
of development caused by the MECP2 mutation. The
explorarion of the role of MECP2 in RS is helpful in
understanding not only other developmental disorders
but also normal brain development.

In 1966, Andreas Rett, a pediatrician in Vienna Austria,
described a disorder with the specific symptoms occur-
ring only in females as ‘Uber ein eigenertiges hirnatro-
phisches Syndriome bei Hyperammonimie’ in German.
In 1977, Rett wrote a chapter in the Handbook of Clinical
Neurology entitled ‘Cerebral Atrophy associated with
hyperammonaemia’. Because his initial paper was written
in German and his initial English paper was under the
misleading heading of hyperammonemia, his original
contribution had remained unknown outside of Austria
and Germany. The clinical characteristics of the disorder
were described as ‘hyperammonaemia, hypomimia or ami-
mia, alalia, stereotyped movement patterns in arms and
hands, enhanced reflex activity, spastic increase in tone,
gait apraxia, tendency to cerebral convulsive attacks, high
grade of mental retardation, gynecotrophy (only females),
and progressive course’. In 1972, this disorder was first
described as ‘Rett Syndrom’ by Leiber in a syndrome
textbook ‘Die klinischen Syndrom’ known in German-
speaking area. In 1978, Ishikawa et al. wrote a short case
report with identical symptoms and signs to the cases
reported in the article by Rett; however, this report
by Ishikawa was not noticed either. In 1983, the paper by
Bengt Hagberg et al in Annals of Neurlogy brought
the disorder into medical nosology. We proposed for the

first ume, in 1984, that this disorder is a developmental
disorder involving monoamine systems. In April 8, 1983,
Rett organized the first meeting on this disorder in Vienna.
It was only then that the international collaboration on
the research of the disorder began intensively.

‘In 1999, the causative gene MECP2 was identified by
Amir et al, and the new era started on the clinical—
biological-molecular correlation, and basic research of
MECP2 and its role in the development of brain began.

Pathogenesis/Pathophysiology

RS is associated with characteristic and tomplex pheno-
types. The natural course of RS consists of a unique age-
dependent appearance of the specific clinical symptoms
and signs. The age-dependent presentation of the features
of the disorder is important in considering its pathophysi-
ology, because it reflects the changes taking place along the
maturation of the responsible neurons or neuronal systems.

The onset of the disorder is in early infancy, although
the initial symptoms and signs are very subtle. The early
motor signs of RS are hypotonia with failure of crawling,
abnormal pattern of walking, and disturbance in skillful
hand manipuladon. Clinical evaluation has revealed that
the former results from postural hypotonia, with failure in
locomotion. Additionally, neurophysiological examina-
tion has showed this to be due to hypofunction of the
aminergic neurons of the brainstem. The latter signs are
considered to indicate dysfunction of the corticospinal
tract at higher levels.

Early psychobehavioral characteristics are a poor
response to environmental stimulation, a poor formation
of circadian rhythm, and more sleep during daytime,
which are the earliest features of autistic tendency and
can be speculated as being due to hypofunction of brais-
tem serotonergic and noradrenergic systems.

Along with these features, the deceleration of head
growth begins to appear in late infancy. This is speculated
to be due to the dysfunction of noradrenergic neurons,
which is involved in the cerebral cortical synaptogenesis.

The pathognomonic stereotyped hand movements
appear in early childhood after the loss of purposeful
hand use. These occur on the background of dystonic
posturing and fixed position of the hands. With age,
rigid hypertonia appears and later, fixed dystonic posture.
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The frequency of the repetitive hand movements has
been found to be minimally affected by environmental
manipulations, suggesting that the movements are driven
by automatic reinforcement or neurochemical processes.

The pathophysiology of the stereotyped hand move-
ments with the loss of purposeful hand use and appear-
ance of dystonic posturing are thought to be induced
by the dysfunction of the basal ganglia-premotor and
supplementary motor area with dopaminergic receptor
supersensitivity. Scoliosis, which manifests itself in early
childhood and shows progression with time, is also con-
sidered to be part of the dystonia.

The psychobehavioral characteristics of the disease
include autistic features, and sudden episodes of scream-
ing, laughing, or crying. Abnormal sleep—wake rhythms
are present from early infancy.

With regard to the abnormal respiratory patterns and
suggested abnormal cardiorespiratory centers in the
brainstem, the involvement of the brainstem serotonergic
system has been proposed. It is also suggested from exper-
imental observations in mice that decreased substance
P and other neuromodulators in the brainstem are the
cause of the abnormal respiration.

The cause of sudden death in RS is not fully under-
stood, but alteration of brainstem cardiorespiratory center
can be an artributing factor.

Neurochemical studies in the cerebrospinal fluid and
brain tissues revealed the involvement of most systems of
transmitters, their receptors, and trophic factors, includ-
ing acetylcholine, dopamine, serotenin, glutamate, sub-
stance P, and the nerve growth factor. It is important to
note their roles as neurotrophins in brain development
and their later role in the normal function of mature brain.

Neuroimaging studies have revealed altered volume of
specific areas of the cerebral cortex, such as the prefrontal,
posterior frontal, and anterior temporal regions, and rela-
tive preservation of posterior temporal and posterior
occipital regions.

A neuropathological report by Armstrong showed
decreased brain weight to the level of a 1-year-old and
decreased pigmentation of the substantia nigra pars com-
pacta. The weight loss does not progress with age, indicating
that it is not degeneradon. No degenerative, demyelinat-
ing, or gross malformative process is recognized. The neu-
ronal size is decreased and increased neuronal packing
density is observed in the cortex and subcortical areas.
Significant decrease of dendritic territories in the frontal,
motor, and subcortical cortices was shown by Golgi tech-
nique. In the midbrain and substantia nigra, the large neu-
rons of pars compacta have less melanin and tyrosine
hydroxylase staining than controls. Limited studies of the
brainstem suggest abnormalities in serotonin receptors and
in the substance P content. These neuropathological find-
ings suggest a failure of development. General autopsies

show that all organs except the adrenal gland are small for
age butnot for height.

Studies using receptor autoradiography demonstrate
abnormalities in the density of excitatory glutamate and
inhibitory gamma-aminobutyric acid (GABA) synaptic
receptors in postmortem brain tissue, supporting the
hypothesis that RS is a genetic disorder of synapic devel-
opment, especially that of the synapses that use glutamate
and GABA as transmitters.

RS is a genetic disorder affecting mostly girls and is
primarily a sporadic disorder with few familial cases.

Mutarions in MECP2, X-linked gene encoding methyl-
CpG-binding protein 2 (MeCP 2),in exons | to 4 or DNA
deletions, represent the genetic cause of more than 90%
of typical cases of RS.

The phenotype—genotype correlation has revealed
that MECP2 correlates with clinical severity and charac-
teristics. The MECP2 mutation is also found in the case of
some phenotypes of Angelman syndrome and autism.

The mutation can also be found in normal females
or females with mild learning disability. The mutation
type, pattern of X chromosome inactivation, or other
unknown factors seem to play a role in these phenotypical
variations.

The mutation is also found in males, and the pheno-
types in males vary from fatal infantile encephalopathy to
familial X-linked mental retardation. Classical RS can
occur in males with somatic mosaicism or with Kleinfelter
syndrome.

MECP2 mediates transcriptional silencing through its
methyl-CpG-binding domain (MBD) and transcriptional
repression domain (TRD), and modifies gene expression
of its target genes. This epigenetic function seems to be
significant in the genetic control in brain development.

In normal early embryonic life, MeCP2 is expressed in
two developmentally important regions, that is, the
medulla and the thalamus. In normal brain development,
the neurons of the medulla express monoamines (nor-
adrenaline and serotonin), which act as the critical trophic
roles, and send nonspecific afferents to the developing
cortex, where they influence migration and organization
of neuronal systems. MeCP2 is also a marker of a maturing
neuron, being increasingly expressed in neurons as they
evolve. The increase in MeCp2 expression in the brain
after the prenatal period suggests that MeCP2 might also
be required for neuronal maintenance and function.

" The abnormalities, observed in the features of clinical
symptoms and signs as well as the chemical and anatomi-
cal findings, suggest that MeCP2 is essential for neuronal
maturation of the specific systems. The signal for the
initial expression of MECP2 in a neuronal precursor
cell can be regulated by a cell-autonomous mechanism.
Its increasing expression in fully matured neurons can
then be regulated in part by external factors, such as
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synaptic input. Thus, MECP2 appears to be required for
both the structural and the functional maturity of the
neurons.

The establishment of the MECP2-deficient mice dis-
playing phenotypic fearures mimicking some symptoms
of RS as well as the understanding of the function of
MECP?2 at the cellular and molecular levels is developing.

Epidemiology/Risk Factors

Cases of RS have been reported worldwide among all
ethnic backgrounds. The classical form of RS was reported
to have a prevalence of about 1 in 10000-15 000 girls.

The frequency may increase with the addition of atyp-
ical cases, variants, or formes fruste cases. Particularly, the
discovery of the causative gene may increase the preva-
lence by clarifying the genetic bases of atypical, variants,
or formes fruste cases. There are some geographical areas
where the prevalence is higher.

There are no known risk factors for the occurrence of
the disorder.

Clinical Features and Diagnostic Criteria

The clinical presentation of RS is characterized by the
specific psychomotor developmental delay, and patho-
gnomonic symptoms and signs, which appear in an age-
dependent fashion.

The onset of the disorder was initially late infancy to
early childhood after a seemingly normal development.
However, placidity and mild muscle hypotonia are pres-
ent from early infancy, and the onset of RS is believed to
be in early infancy. Sleep—wake rhythm is abnormal with
increased sleep during the day, starting from early infancy.
These earliest clinical features are subtle in most of the
cases and are often overlooked.

These clinical features are similar to the ones observed
in autism, showing delayed development of the circadian
sleep—wake rhythm and poor response to environmental
stimulation.

In late infancy, failure to crawl, delayed development
of voluntary hand use, and the deceleration of head
growth are observed. From late infancy to early child-
hood, psychomotor regression and social withdrawal
appear. This social withdrawal seen in this period and
the aforementioned characteristics seen in early infancy
comprise the autistic features of RS.

The most striking and pathognomonic symptom of RS
is the stereotyped movements of the hands associated with
the loss of purposeful hand use appearing at this period.
The typical hand stereotypies are characterized by repet-
itive squeezing, flapping, clapping, wringing, or bizarre
hand automatisms. These movements occur mostly in the
midline and virmally continue during wakefulness.

Before these stereotypies manifest themselves, habit-
like behaviors involving the hands are present, and exces-
sive clapping may be present.

Stereotyped movement of the tongue and mouth and
licking and teeth grinding are also characteristics.

These stereotypies are observed during wakefulness,
and increase when the child gets excited or becomes
anxious.

Age-dependent changes are also observed in the hand
stereotypies, evolving from simple to complex and fast,
then to slow and simple with age.

In early childhood, dystonic posture appears. Hand
stereotypies are obscured by dystonic rigidity. Because
of the dystonia, the stereotyped movements of the hands
become fixed and this does not change through the rest of
the course of the disease.

The pes varus or vulgus, dystonic posture of all extre-
mities progresses after childhood. Kyphosis and scoliosis,
which are the postural dystonia involving trunk, progress
after childhood to adulthood in some patients.

The deceleration of the growth of the head begins in
late infancy, and patients often become microcephalic
after early childhood.

The characterisic gait was initially described as
apraxic by Rett. However, both failure of crawling and
gait dysfunction are due to failure of locomotion.

Epilepsy may be seen, but the severity is variable
among individual cases.

Abnormal sleep-wake rhythm and inappropriate laugh-
ingor crying during wakefulness or sleep are also seen often.

Breathing abnormalities, such as hypervendilation,
breath holding, air swallowing, and bloating are striking
features seen in some RS. Heart rate variability, difficulty
in swallowing, and constipation suggest autonomic impair-
ment. Cold and small feet are also consistent with dysfunc-
ton of the autonomic nervous system.

Height, weight, and hand and foot sizes also decline
later. Overweight or emaciation may be seen in some
patients.

The age-dependent appearance of the clinical features
has led to the proposal of staging the disease.

Because of the difficulty in understanding the complex
clinical features, the efforts of constructing the diagnostic
criteria were set in 1984 and in 1988. With the increase
of reported cases and advances of the understanding of
the pathophysiology of the disorder, some components
of these diagnostic criteria need to be changed or deleted.

Differential Diagnosis

The diagnosis of RS is not difficulc with careful history
taking of characteristic symptoms and signs, and noting the
age-dependent appearance of these symptoms and signs.
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However, there are disorders that need to be differen-
tiated from RS. They include for example autism and
Angelman syndrome. Some female cases with autism,
particularly the cases with regression during the course,
may later prove to be RS. Infantile neuronal ceroid lipo-
fuscinosis may show temporarily similar feacures to RS.
Finally, some neurodevelopmental disorders may present
with similar features with RS. Therefore, in these cases,
some symptoms or some periods of the course may over-
lap with the features of RS.

X-linked-cyclin-dependent kinase-like 5 (CDKLS5/
STK9) has been proposed as another causative gene for
RS, particularly early seizure cases with severe mental
retardation.

Diagnostic Workup/Tests

The clinical fearures and their evolution at specific ages
are typical of RS. Careful history taking and neurological
examination leads to the correct diagnosis in most cases.

There are no pathognomonic laboratory, neurophysio-
logical, or neuroradiological tests.

The finding of mutation of MECP2 is the best test to
clarify the diagnosis; however, it is important to keep in
mind that there are cases even with typical clinical fea-
tures that do not carry the MECP2 mutation.

Management

Therapeutic approaches are still symptomatic, and unfor-
tunately, no crucial treatments have been established.
Rehabilitation, including physical and occupational ther-
apy, and enhancement of communication with music
therapy have been tried with limited results. Trials of
theoretically attractive treatments in these areas have
been reported. Medications directed to possible correc-
tion of the underlying pathomechanisms have failed to
produce appreciative and sustained effects.

Seizure is one of the common symptoms of RS that
appears in early childhood. In such cases, administration
of a suitable anticonvulsant(s) is essential. However, there
is no antiepileptics specifically recommended for RS, and
some cases can be drug resistant.

The effort to control the abnormal respiratory patterns
is another challenge. Each abnormal respiratory pattern
requires unique and special intervention. Some of the
phenotypes can partly respond to pharmacological inter-
vention, but others do not.

When physical therapy and orthopedic management of
scoliosis fail, surgical treatments are indicated.

With some patients, management of nutrition becomes
necessary, including gastrostomy.

General health care and prompt appropriate manage-
ment for the undercurrent or acute illnesses is also impor-
tant. All necessary managements for better quality of life
need to be considered.

Prognosis

Initially, RS was thought to be progressive, but the clinical
course is basically one of a developmental disorder.

As for the life-expectancy, relatively healthy patients
survive into the fourth and fifth decades, although there is
an increased incidence of sudden death in adolescent
years. Cases surviving into their seventieth have been
reported.
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B 2 #NFK action type @ voluntary saccades
LB BRASBES, TER) NRESE

U R saccades DER (BEF, IRIE, HE, TES TA—F Y X LCHEL EFCIRRSEEYE, T
B saccades DM, saccade to cue) DB T ->T & FEE L D EHICEES L, DEBSEEORENL DR
TV B0, RFTRHEIEDYTS), RHREREY ot
A b =7 (DYT1) ? voluntary saccades BZE iz D\ T fli#d DYT1 DB MRMBEDOLXEEV R =7 Th
CEHL, ZRENOFEBLEOREZ R~ 3, . %%, action dystonia type b & 5. Saccades DRE L 2
W IR O BEIB I postural dystonia 227 373, action DERICEIDBLELIERCH-7, Wb, EHIA =7
dystonia DEFZ L H 3. WTFh bERFELS & K Z2E27 2013 EEHHELE: saccades DR % A7z, Action
FE M saccades L HIKEEI N, BEMNIDEEINT dystonia 27 L ARFRCRERE I RHESHLL, B
W (X1, 4), %7, action dystonia type ®R—RBRH iz RESOERLZEE, BIFVEETH 44, 20 Lol
BUOTHEERIC L YBEOBEICENDH D LBRES RECBLVA =7 2R TRCREEZED TR, /)
(2, 4)., RS, NRIARES CIIBRAFRERIC L, RMFEETH B0, LRICBRRTIHICA =7 ERL
B S saccades DEE S W o7, L L, 588IC TIEFICIRIZIEER TH o7 (M3 E&R)D,
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—H, =% VIR CIFEEFERY: saccades HIH <
BEI N TV 508, parkin BEFESEIC L 25 —-F
vV = X5 (PARK2) TIRELNLTWB (X1, 4),

¥/, BEEOHRECBRETIERESRA =7 TR
B4 OEE T saccades DEEMA LNl T TR
& DBREMBEE 2T L 72 mitochondria cytopathy DBl
2RT (M3 TH).

F R .
YR F=F BB voluntary saccades DR 14 7%
'I)B).

bhbhoPE LY, voluntary saccades DFEATIZ KB
REW» S EEARET 2 TITROBERITCERTH
h, TREFNOEBOFRBOMHICE D, F, direct
pathway, indirect pathway DEEOHS 2R T35 X
KHRREEZZDDEWAS,

SO EM: saccades L DB SN T AHIIFH TR
COTTRWERICEE L T\w3, Lil, 58 RIEHEMIC
Ao FHEAEREN:, REFEEOREIZIEHOHN
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DYT 1 (Dystonia musculorum deformans)

IEU&HIC

PR Po7EEERLETAEBOOEHIIBETA, RBE
£, WE»SOHEINTEE, BRI X 298Iz Ak
LIRS o, RBESA o7 CEERDLD
BRDYT L@y & h, BEEZORBRET F 2888
HEINEDDIRDYT DHEIC, 2, 3, ~LffEShak
NTETWAY, 2o CHEEBRIICHEI N 0K
WOEXETH S5 DYT1¢H3?, @A, DYT DI bR
RRETFHRDICBESINDE DYTS & 3T Wil
JIFEC, 1994 4E, GTPcyclohydrolase I 3% OELBET
& LR E Y,

DYT 1 2 BRERIC—E D & FEE§ % primary torsion dys-
tonia (—XH#:{2E Y A + = 7) T, Dystonia Musculorum
Deformans ¥ 7= Oppenheim’s dystonia & & fiEh 3,

FEsfiz i, 1911 ££ Oppenheim % Dystonia Musculo-
rum Deformans % —ZREHM & U TRME, “F—FHickh%
RIET L EDBHET 2IRE” % “Dystonie” EFFAZ

ERHRES, ThbtEo DYT1 TH Y Oppenheim’s dys-
tonia L FRIENZWRAATH B, /-, 2OERBETO
&1 “Early-onset torsion dystonia” & LT 1997 £EIC3)
H3 Nk, FE, BERECR P27 ORKBEFORE
BEPEATETWRHT, BIERDYT] LB T L
N TH D,

DYT 1 Ashkenazi-Jewish & e I bDTH
38, BEFORARS, BEKNSBRERD 2, $ 0B
AN RET 2 BHERGEOSERHECA =T ELT
HRMICREINB LI B LR 8D,

B

BRSSO —R S X + = 7 (primary dystonia) D &
12 1908 4E Schwalbe DHEHIC T 1 DIES. T I THER
g, REMTHB L, Ra—uy oy rAic
B ) T L THo . 1970 4E Eldridge iR HISEE—

BN FT

L3I~ EHEEENDE, ZOE20EMIT 1600 FR i
Ashkenazi-Jewish 128 ¥ 7= DYTI BEFEROAIREH
RN, ZoROELVAORMICE DL b3,

2 DB EHFE T Ashkenazi-Jewish, non Ashkenazim &
bz 30~40% LA T 5. ERMMELAZ—BECKIT?
BRI 15.5%C, 8% 6.5%L3ns, #H, + [
MoBBERERZEEOEREVWEENS,

FEDKEBETFRYE, TORIA GAG R&Z % DAl
HEHRW Z k- Ashkenazi-Jewish it BW TR 26 R T D
BEIASESID 80% %2 5 3435, non-Jewish ABTIZ 16~
53% & \ahins,

MR, HFLWERIET 2T YRR EENS,

BRI RREBOER R,

ERPREVISR

EHBEEE LY, ZOBANRBICRIET 2REY R
P=PTH B,

FAEERIZ BRI RY, BENICH 2, RICH
AFIED S 2. FHFHEERIZHN 12 RC, Median age 1
I~ BTH S, BEERIZI~ARIERE L DOHEND
28, BT 26BETTH B,

DHEERIZS OHE, THRELZBEEOSA =27
DHFRT, PAL=TRMEETS, FEFRCIDR
BB R4s, ~WTEEHIR), LE(FEE15R)
EEETCRTHEIORET 2 2 LR TH S, BUDI
B ROARELIINR, B RS oRE DR
#), EEFFEELR L, HI8FECBLTBI 3, £R
RIEFICT, MBI AREROC A =7 TRES 2
EMH 5,

BREEDIZHEDBE, HTLLENLREE LT
EHHBTE LA, MBI bIENS, '

F 1 DYT 1 OFREREHY

* Ashkenazi-Jewish IC 20, MEIBLHOMONTNIRET, REORE
BERBETS, '
o NRBICTIE (T 12.58%)
o LTHRO—BRICHRTHIENELN.
W BESGTORTIIEREBTHS.

REVR F =7 B2 5% N B TR ERGEGHSERE Y
Lh, 2P AN CRERAGEEREE L EREL
3 7=, TOBK20EEZET, £ AF L, KE, Eldridge ®
F—yOBRIFLY, 2T AL THEEEER2 L2
ZEDHER I NS,

o REBICETT .
AHEDIEE 1L Ashkenazi-Jewish IZ 8B \V> T ARRizH BlCZRE, SN, BRECEEL L3055,
oUs KL WINEEEEY Y =y ZRIBE o BRBAEIERE
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