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Rett Syndrome in a Boy with a 47,XXY Karyotype

To the Editor:
Rett syndrome (RS [MIM 312750]) is a progressive en-
cephalopathy characterized by severe mental retarda-
tion, autism, apraxia, seizures, stereotypical hand move-
ments, and deceleration of head growth. Its prevalence
is estimated at 1:10,000–15,000 female births (Hagberg
1995). The majority of cases are sporadic, but rare re-
ports of familial recurrence have been made. In addition,
all but 1 of the 10 MZ twins reported in the literature
are concordant, whereas all 11 DZ twins reported are
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discordant for the disorder (Migeon et al. 1995). Lab-
oratory investigations have not revealed any metabolic
abnormalities in affected individuals.

Chromosomal abnormalities and/or association with
another syndrome have already been reported in patients
with RS: a translocation t(X;22)(p11.22;p11) by Journel
et al. (1990), a translocation t(X;3)(p21.3;p25.2) by
Zoghbi et al. (1990) and Ellison et al. (1993), a deletion
del(3)(3p25.1-p25.2) by Wahlström et al. (1996), and a
deletion del(13)(13q12.1-q21.2) by Herder et al. (1996).
RS was described in association with fragile X by Alem-
bick et al. (1995) and with Down syndrome by Eas-
thaugh et al. (1996). No concordance for the chromo-
somal abnormalities has been found, however, since
different chromosomes and/or breakpoints were in-
volved in each case. Vorsanova et al. (1996) reported
a boy with RS and karyotype 46,XY/47,XXY (the
47,XXY cell line was observed in 6%–12% of the stud-
ied lymphocytes).

Here, we describe a patient with RS and a 47,XXY
karyotype. The propositus, a male patient born in Jan-
uary 1995, was referred for genetic studies at age 28
mo. His parents are healthy, were aged 30 years (father)
and 29 years (mother) at the time of the birth, and are
not consanguineous. The child was born at term, after
an uneventful pregnancy. His birth weight was 3.330 g
(25th–50th percentile), his Apgar indices were 6 (1st
minute) and 7 (5th minute), and his birth occipitofrontal
head circumference was 32 cm (2.5 percentile). The per-
inatal period was uneventful. The propositus is the
fourth child, and his older sibs—two boys aged 16 and
9 years and one girl aged 13 years—are normal. There
is no history of neuropsychiatric diseases in the families
of the mother or the father. The propositus showed nor-
mal development until age 8 mo. At that time, he sat
without support, played normally, and was able to grasp
objects and to put food into his mouth. He had also
started to say some words comprehensibly.

The family noticed that, at age 11 mo, he had lost
purposeful hand movements and language skills. He also
began to show regression in social contact. At age 1 year,
he began to show stereotypical hand movements, brux-
ism, and constipation. At age 28 mo, he presented severe
global retardation and slightly diffuse hypotonia. He
was socially isolated and made few spontaneous move-
ments (other than the stereotypical hand movements).
He did not grasp or otherwise show interest in any object
or toy. He could vocalize but did not form any words.
He reacted to luminous and sonorous stimuli. When
standing up with support, he presented axial ataxia.
Bruxism and short episodes of apnea were observed dur-
ing consultation. No focal neurological signs or altera-
tion in cranial nerves were observed. His occipitofrontal
head circumference was 45 cm (2.5 percentile), his

weight was 12.220 g (35th percentile), and his height
was 87 cm (25th percentile).

When the patient was last seen, at age 37 mo, the loss
of purposeful hand movements, the manual apraxia, and
the slight global hypotonia were persistent. The stereo-
typy of his hand movements was midline, was constant
in vigil, and showed a slightly athetoid component.
When walking with support, he presented ataxia/
apraxia. He reacted to luminous and sonorous stimuli.
The episodes of apnea were more frequent and more
sustained. His occipitofrontal head circumference was
46 cm (2.5 percentile), his weight was 15.200 g (35th
percentile), and his height was 94 cm (25th percentile).
Results of electroretinogram, magnetic resonance im-
aging of the brain, and electroencephalogram were nor-
mal. The results for rubella, syphilis, HIV I and HIV II,
cytomegalovirus, herpes, cerebrospinal fluid, and serum
amino acid testing were all normal. Toxoplasmosis test-
ing showed that the patient’s IgG level was slightly in-
creased. However, acquired neurological disorders re-
sulting from congenital toxoplasmosis infection were
ruled out, since the boy was normal from birth until age
∼8 mo.

Chromosomal analysis, including GTG banding, was
performed on peripheral blood leukocytes as described
by Seabright (1971). Karyotype analyses from all 300
banded metaphase preparations showed 47 chromo-
somes with an extra X chromosome (47,XXY).

To establish the origin of the nondisjunction, we
analyzed DNA from the mother and the propositus
with eight microsatellite markers from the dystrophin
gene—5′DYSI; 5′DYSII; 3′DYSMS; STR 44; STR 45;
STR 49; STR 50; and 3′-19n8. DNA from the father
was not available. DNA analysis showed that the pro-
positus had an allele that was not present in his mother,
indicating, therefore, that the additional sex chromo-
some was paternal in origin—that is, it resulted from
nondisjunction at the paternal first meiotic division.

For X-inactivation analyses, DNA was extracted from
peripheral blood from the mother and the propositus,
and 1 mg of digested (with AluI and CfoI) and nondig-
ested DNA samples were used as templates for ampli-
fication of the androgen receptor (AR) highly polymor-
phic (CAG)n repeat, as reported (Allen et al. 1992;
Edwards et al. 1992). All samples were run in duplicate
in a 5% polyacrylamide gel (19:1 acrylamide:bis-acry-
lamide). A densitometer (Shimadzu CS-9000) was used
to determine the ratio of X inactivation in each sample,
and the mean of two readings was considered for each
case. Since one allele may amplify more than the other,
a correction factor was applied to compensate for un-
equal amplification of alleles. We did this for the mother
and for the son, calculating, first, the ratio between the
two alleles of the undigested DNA and correcting the
final values for preferential PCR amplification (Pegoraro
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et al. 1994). We calculated the degree of X inactivation
on the digested DNA by normalizing the sum of allele
A plus allele B to 100%, as reported in Sumita et al.
(1998). The analysis of the X-chromosome–inactivation
pattern in blood DNA showed X-inactivation ratios of
73:27 in the mother and 41XP:59XM in the affected son.

To rule out a possible diagnosis of Angelman syn-
drome (AS), the methylation status of the locus SNRPN
mapped within the PWS/AS region was assessed by
Southern blotting. The probe used was a 0.6-kb EcoRI-
Notl fragment that contains exon 1 of SNRPN (Glenn
et al. 1996). Methylation assay for AS was analyzed at
the SNRPN CpG island and a normal result was ob-
tained, with the presence of the 0.9-kb band from the
unmethylated paternal allele and a 4.2-kb band from the
methylated maternal allele. This method confirms the
diagnosis in ∼80% of cases, since in the remaining 20%
AS may be due to UBE3A mutations or other unknown
mechanisms (Kishino et al. 1997; Matsuura et al. 1997)

The parental origin of additional sex chromosomes
was studied by Lorda-Sanchez et al. (1992) in 47 patients
with a 47,XXY chromosome constitution. In 23 (49%)
cases, the error occurred during the first paternal meiotic
division, as observed in the present case. No significant
clinical differences were found among patients of distinct
parental origin.

To date, RS has been convincingly described only in
females. Some cases described as RS syndrome in males
have been reported (Coleman 1990; Eeg-Olofsson et al.
1990; Philippart 1990; Topçu et al. 1991; Christen and
Hanefeld 1995; Vorsanova et al. 1996). The clinical
signs and symptoms, however, were but suggestive, atyp-
ical, and/or partial. In the present report, the clinical and
laboratory findings do not overlap with any described
for Klinefelter syndrome. AS was excluded with 80%
certainty, and extensive testing did not disclose any other
alternative etiology, such as infantile neuronal ceroid-
lipofuscinosis. The clinical findings met the criteria of
inclusion and exclusion for the diagnosis of RS (Tre-
vathan and Naidu 1988).

Several authors (Zoghbi et al. 1990; Webb et al. 1993;
Camus et al. 1996; Webb and Watkiss 1996; Krepischi
et al. 1998) reported that, as a group, RS patients tended
to present a higher frequency of moderate skewing
(20%–35% or 65%–80%) of X inactivation in lym-
phocytes, when compared with their mothers and nor-
mal controls, and that this skewing, when present,
favors, in most cases, preferential inactivation of the pa-
ternally inherited X chromosome. On the other hand, it
has been suggested that extreme skewed X inactivation
could prevent manifestation of the RS phenotype in mu-
tant-gene female carriers, which would be consistent
with RS being a male-lethal trait (Schanen and Franke
1998; Xiang et al. 1998). In the present report, analysis
of X inactivation in the proband and his mother did not

show extreme skewed X inactivation, suggesting that the
proband might be the result of a new paternal or ma-
ternal germ line mutation event. However, as shown pre-
viously, it is not known whether the X-inactivation pat-
tern found in DNA from blood is representative of other
tissues and, furthermore, a skewed pattern of X-inacti-
vation in blood is not rare in normal females (Naumova
et al. 1996; Sumita et al. 1998). Therefore, although the
occurrence of moderate skewing is more frequent in RS
patients and extreme skewed X inactivation has been
observed in obligate RS carriers (Sirianni et al. 1998), a
correlation between X-inactivation skewing and the RS
phenotype must be interpreted with caution.

An explanation for the exclusive occurrence of RS in
females, without evidence of male lethality, was pro-
posed by Thomas (1966) on the basis of the fact that
de novo X-linked mutations occurring exclusively in
male germ cells could only be passed on to, and result
in, an affected daughter. Under such a hypothesis, the
absence of affected males is explained by the fact that
sons do not inherit their X chromosomes from their
fathers. Since our patient inherited one of his two X
chromosomes from his father, his RS phenotype would
be consistent with Thomas’s hypothesis if the mutated
gene was on the paternal X chromosome. On the other
hand, RS-affected half sisters with the same mothers
have been described (Archidiacono et al. 1991; Sirianni
et al. 1998). However, under Thomas’s hypothesis, it
would be expected, in rare instances, to find families
with half sisters with the same father, because of ger-
minal mosaicism. This has already been demonstrated
for other disorders such as achondroplasia (Philip et al.
1988) and Duchenne muscular dystrophy (Darras and
Francke 1987) but apparently has not been reported for
RS.

In a recent report, Sirianni et al. (1998) postulated
that the relatively high frequency for RS would be ex-
plained by a high mutation rate in either male or female
germ lines. In the present case, it was not possible to
determine whether the mutation was inherited through
paternal or maternal gametes.

With respect to the etiology of RS, several investiga-
tors have suggested the possibility of an alteration in the
timing of replication of a gene (or genes) on the late X
chromosome in RS patients (Riccardi 1986; Martinho
et al. 1990; Kormann-Bortolotto 1992; Webb and Wat-
kiss 1996). If this alteration represents the 0misbehavior0
of a gene (or genes) that should be inactive on the in-
activated X chromosome but, when mutated, does not
respond to XIST (the product of the X-inactivation–
center gene), the consequence would be transient func-
tional disomy at one or more loci. Partial functional
disomy as a cause for RS (Webb et al. 1993) and other
abnormal phenotypes, such as hypomelanosis of Ito or
mental retardation, has already been suggested (Journel
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1990; Schmidt and Du Sart 1992; Correa-Cerro et al.
1997; Wolff et al. 1998). If such a mechanism occurred
in RS patients, this condition could be the result of func-
tional disomy.

The present report, confirming an RS phenotype in a
47,XXY male, is consistent with the hypothesis that two
X chromosomes are required for the manifestation of
Rett syndrome.
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Combining the Sibling Disequilibrium Test and
Transmission/Disequilibrium Test for Multiallelic
Markers

To the Editor:
Horvath and Laird (1998) describe the SDT (sibling dis-
equilibrium test) which, like the sibling-association test
(Curtis 1997), is a test for association in addition to
linkage even when applied to sibships larger than sib
pairs. These tests thus differ from the sibling transmis-
sion disequilibrium test (S-TDT [Spielman and Ewens
1998]), which is a test for linkage but not for association
(unless attention is restricted to sib pairs). The possible
advantage that the SDT has over Curtis’s test is that it
uses all affected sibs in the sibship, although it does not
allow for special provision to be made to detect a re-
cessive effect by testing whether there is an excess of
affected sibs homozygous for one particular allele. Hor-
vath and Laird demonstrate how the SDT can be applied
to a multiallelic marker and how, in the case of a biallelic
marker, the SDT and TDT can be combined, but they
do not show how the tests can be combined for a mul-
tiallelic maker. Curtis described by using logistic regres-
sion how his test could be combined with multiallelic
TDT data as implemented in the extended TDT (ETDT
[Sham and Curtis 1995]), and here we show, using their
multivariate sign test, that it is straightforward to apply
Horvath and Laird’s own approach to combine the mul-
tiallelic SDT with multiallelic TDT data.

Horvath and Laird use the 0component0 sign test
(Bickel 1965; Randles 1989) as follows. For N sibships
and a marker with m alleles, let be 1, 0, or -1, accordingjsi

to whether, in the ith sibship, the frequency of allele j
in affected sibs is higher than, equal to, or lower than
that in unaffected sibs. Then define 1 2 m21S 5 (S ,S , ) ,S )
where and a matrix W having elementsj N jS 5 S si51 i

. The multiallelic SDT statistic is thenN j kW 5 S s sjk i51 i i

, which is asymptotically under the null′ 21 2T 5 S W S xm21

hypothesis of no association or no linkage. In order to
extend this approach to include TDT data, we note that
we can apply exactly the same formula to a sample of


