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Sex chromosome aberrations and speech development. When chromosome
studies were made on 9 boys with grossly defective expressive speech but with normal
levels of language comprehension, 3 were found to have abnormal karyotypes. 2 were

mosaic (46,XY/47,XXY and 46,XY/47,XYY) and the third had 48 chromosomes with
an XXYY sex chromosome complement. These results and data in published reports

suggest that sex chromosome aneuploidy may play an important role in delaying and
upsetting the development ofhigher neurological functions, for example those involved
in communication and psychosocial adaptation and behaviour. The early diagnosis
of such children and subsequent remedial and medical intervention may reduce the
risk of psychiatric referral later in life.

Problems of communication in children due to
lack of expressive speech have received little
attention as a genetic problem. When these are
associated with gross mental retardation, such as
that caused by major chromosomal disorders, the
origin is clear, many body systems being affected.
However, the more common sex chromosome
anomalies or the recognized variability of certain
autosomal regions, while producing no gross somatic
or neurological features, could be causative factors
in minimal brain dysfunction, one expression of
which might be retardation of speech development.

In published reports there is considerable
evidence that sex chromosome anomalies are found
more frequently in psychiatric populations. In
addition, we have some evidence that such patients
also show an increase in the frequency of
chromosomal variants (Anders et al., 1968). These,
together with clinical reports of variant chromo-
somes among children examined for speech
assessment, suggested that a study for chromosome
abnormality and variation among such children
might be productive. It was decided, therefore, to
conduct a pilot study to examine the chromosomes
of a group of these children by regular microscopy
and by the newer quinacrine fluorescence technique
(Caspersson, Lomakka, and Zech, 1971). To
exclude nonspecific mental impairment which might
be responsible for the speech delay, patients were
selected who had presented with gross retardation of
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expressive speech, but with a normal comprehension
of speech.

Materials and methods
-Among approximately 450 children with severe speech

and language problems, only 9, aged 3 years or older,
were found with language comprehension within at least
the second SD below the mean, but with expressive
speech <-2 SD, both abilities being measured on the
Reynell Developmental Language Scales (RDLS)
(Reynell, 1969). For these children the levels of
auditory perception and of verbal and manual expression
were established through subtests of the Illinois Test of
Psycholinguistics (ITPA) (Kirk, McCarthy, and Kirk,
1968). Lingual sensory motor abilities were measured
on the Lingual Mobility Test (LMT) and the Magnitude
Discrimination Test (MDT) (Fawcus, 1969). All
children were examined for any major neuropsycho-
logical anomaly which might have affected response to
these tests.

Blood collected in Manchester was mailed to the
Paediatric Research Unit (PRU) in London for culture
and analysis. Lymphocyte cultures were established
using a microculture technique. Chromosome spreads
for bright field analysis were stained with lacto-acetic
orcein and for fluorescence analysis (Caspersson et al.,
1971) with quinacrine mustard (Micro-Bio Laboratories
Ltd.). At least 10 metaphase spreads were counted
from each patient and if any aberration was found,
further counts were made. Bright field and fluorescence
karyotypes were prepared from each patient.

Analysis of chromosomal variants by bright field
microscopy was made using the standards suggested by
Lubs and Ruddle (1970a). For the fluorescent variants,
comparison was made with a series of patients analysed
at the PRU (D. E. Mutton, unpublished data).
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TABI
Comparison of language comprehension and expressit

Reynell Developmental Language Levela

Caae no. Age at -,Developmental orKaytpteat (yr) Speech Expreaaive Probability that intelligence levelatKaytp
com -rehension* apeech* comprehenaion expreasion

1 5 3 +0-4 -3 P <0-01 S-B 102 46,XY/47,XY"
2 5 3 -18 -3 P <0*05 G 88 46,XY
3 4-8 -18 -2 M-P 90 46,XY
4 6-0 -18 -3 P <0.05 G 58 46,XY
5 6-0 ±0.1 2 P <0-01 G 108 46,XY
6 5 5 +0.2 -3 P <0-01 C 5 -4 yr level 46,XY/47,XX'

EPVT 5 yr level
7 4-4 -09 -3 P <0.01 S-B 92 46,XY
8 5 11 -0-9 -3 P <0-01 S-B 98 46,XY
9 3 0 -17 -3 P <0-01 S-B nonverbal normal 48,XXYY

for age verbal-poorly
performing

10 Data not available but aaid to be normal S-B 120 46,XY/47,XYl

Note: Caaea 1 and 10 are twina.
*Figures indicate number of SDa from normal mean.
tS-B, Stanford Binet Form L,-M; G, Griffitha Mental Developmental Scalea; M-P, Merrill-Palmer; C, Columbia Mental Maturity Scale; EPV'
IA further 100 cella examined by fluoreacence ahowed no Y negative metaphases, auggeating there ia no 45,X line in lymphocytes.

Results

Chromosome analysis showed no enlarged
satellites or short arms of acrocentric chromosomes

in any of the patients. Several carried chromo-

somes with intense variant bands but these were not

unusual in size and their frequency was not greater

than in the PRU sample. One patient (Case 2) had

a moderately long Y-chromosome (equal in size to

chromosome No. 18). This variation is present in

about 0 -3% of the general population (Lubs and

Ruddle, 1970b), but may be purely a chance finding
in such a small group. However, 3 patients showed

a sex chromosome abnormality (Table I); one (Case

9) had XXYY sex chromosomes (48,XXYY) while

the other 2 (Cases 1 and 6) were mosaics., both with

a high proportion of abnormal cells.

Case has a twin sib (Case 10) with normal

spe-ech, and evidence from placentation and the

distribution of fluorescent variants in the karyotypes

of the twins support the view that they are mono-

zygotic. Both were found to be mosaic 46,XY/

47,XYY on lymphocyte cultures, but whereas

fibroblast cultures (Table II) showed only 47,XYY

cells in the affected sib (a point supplemented by the

high level of double Y-chromatin in oral smears), his

twin is mosaic for normal, and abnormal lines in

both fibroblasts and lymphocytes and oral smears

show only a low proportion of double Y-chromatin.

The origin of mosaicism in these twins is of interest

in view of their probable monozygosity and yet their

discordance on three counts, namely minor con-

genital anomalies in twin 1 (the reason for the 1967

cytogenetic study), their tissue cytology, and the

speech defect. The simplest hypothetical
explanation is that there was originally one 47,XYY
zygote in which separation of the blastomeres
occurred to produce two monozygotic embryos.
Subsequently, in one (Case 10) nondisjunction
produced 46,XY/47,XYY mosaicism. With the
development of placental anastamoses., the flow of
blood between the fetuses produced marrow

TABLE II

Comparison ofpsycholinguistic and karyotypic findings
in Case 1 and his 'normal' twin brother

Caae 1 Caae 10

ITPA Auditory Reception
Subteat 35 46

ITPA Verbal Expreaaion
Subteat 25 28

ITPA Manual Expreaaion
Subteat 34 38

Progreaaive coloured
matriceas 12 12

Stanford-Binet L-M" IQ 102 120
Fawcua MDT (5) correct

reaponaea 6 6
Fawcua LMT (5) mean

time (aec) 60 60
Chromosome reaulta

1967* 46 47 46 47
Skin fibrohlasts 0 100 60 40(0
Lymphocytea 65 35 55 45()

Diagnoais 47,XYY chimeric Moaaic
for 46,1XY 46,XY/47,XYY

lymphocytea
ITPA, Illinoia Teat of Paycholinguiatica; MDT, Magnitude

Diacrimination Teat; LMT, Lingual Mobility Teat.
*Mr. L. Butler, Senior Cytogeneticiat. Queen Elizabeth Hoapital

for Children, Hackney, London.
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?'ether with intelligence levels and chromosome results

Chromosome counts
-_ lSex chromatin Comments Fluorescent variants

<45 45 46 47 48 49

3 14 12 ?1 Oral smears Y3 YY 25 n = 45 random loss
10 Long Y = 18 in length 14s

?1 11 Pronounced heterochromatic regions of 1 & 9 3
1 12 13p 13p

4 18 n =45 apparently random chromosome loss
11 18 1 * Oral smears X-chromatin

positive
?1 9 Y = 19 in length 15s

1 2 42 1 1 Random chromosome change 3, 21s
1 2 26 ?2

1 14 13 ?1 Oral smears Y32 YY1

iglish Picture Vocabulary Test.

chimerism in Case 1 (see Ford (1969) for definitions
of terms 'mosaic' and 'chimera'). If this
explanation is correct, the twin with speech deficit
might be expected to have 47,XYY neurological
tissue whereas his 'normal' sib may have normal or
mos3ic tissues.

Discussion
In this small group we found no evidence of

association between delay in speech development
and 'minor' chromosome variation, but a correlation
seems to exist between major sex chromosome
aberration and delay in speech development. This
is supported by published reports (Fujita et al.,
1972; Crandall, Carrel, and Sparkes, 1972) and by a
current survey (R. J. Robinson, personal com-
munication, 1973).

Patients in psychiatric and penal institutions have
a much higher incidence of sex chromosome
disorders than the general or newborn populations
(Court Brown, 1967; Anders et al., 1968; Smith and
Jacobs, 1970; Lubs and Ruddle, 1970b; Fujita et al.,
1972; Crandall et al., 1972; Hamerton et al., 1972).
Unlike individuals with autosomal aneuploidy,
many patients with sex chromosome trisomy look
relatively normal. The difference is thought to be
due to the genic inertness which sex chromosomal
material displays, in the soma at least, and this in
turn seems correlated with their special hetero-
chromatic features. Heterochromatin can be
regarded as inactive genetic material. As far as the
X chromosome is concerned, the Lyon hypothesis
(Lyon, 1961) is that during early embryogenesis X

chromosomes in excess of one, previously capable of
genetic expression, are inactivated to form the
facultative heterochromatin (Brown, 1966) visible as
the X-chromatin mass (Barr body) in the interphase
nucleus. There is considerable evidence for this
hypothesis, but some loci on the X chromosome
might escape inactivation. The Y chromosome also
seems to be heterochromatic, but the character of its
heterochromatin is different (Polani, 1968) and
seems to be constitutive rather than facultative, at
least in somatic cells. The greater the number of
sex chromosomes, and hence the amount of
heterochromatin present in a genome, the more
severely an individual is affected or retarded, each X
or Y added having a cumulative but slightly differing
effect on many characteristics, particularly
intelligence (Polani, 1967, 1969; Hamerton, 1971;
Barlow, 1973). These effects of extra sex
chromosomes must either be expressed in the early
development of the embryo-in which case their
activity might be that of the genes they contain, or
else it must be presumed that the heterochromatin
has some subtle form of expression when embryo-
genesis and organogenesis are complete (Polani,
1968, 1969; Hamerton, 1968; Mittwoch, 1967).
Both may be true. It seems likely that the greatest
effect of heterochromatin is in retarding develop-
ment (Polani 1967, 1969; Barlow, 1973), possibly
due to differences in a number of cell characteristics
including their size, organization, and especially
growth (Hamerton, 1971; Angell, 1969; Barlow,
1972).
The finding oftwo mosaic individuals in our small
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sample may be highly significant or purely
fortuitous. The population frequency of
individuals mosaic for two cell lines is not known.
Large-scale surveys of newbom populations based
on chromosome studies have, for practical purposes,
been limited to a study of two cells per patient.
The chances, therefore, of detecting mosaicism are
very low. In the three largest published surveys of
newborn populations (Lubs and Ruddle, 1970b;
Ratdiffe et al., 1970; Hamerton et al., 1972), no
mosaics were detected in 9000 males studied. In
X-chromatin surveys of newborn males carried out
in Edinburgh (Court Brown, 1967), 5 mosaics
46,XY/47,XXY were discovered in 13,257 liveborn
males, a rate very close to that detected by Fujita et
al. (1972) in sex chromatin studies on school-
children. In the light of these results, our discovery
of two mosaics in 9 patients seems highly significant,
but as pointed out above it is possible that one (Case
1) is a blood chimera and not a mosaic. However,
the chances of finding one mosaic in the series seems
to be less than 1 in 250. We tried to exclude the
effect on speech development of 'global' mental
retardation by selecting for normal comprehension
of speech with retarded expressive speech levels, and
thus we could expect to select against pure line
chromosomal abnormalities with mental impair-
ment. The child with a 48,XXYY karyotype
illustrates this point as he only just falls within the
selection criteria. Available evidence suggests that
mosaic individuals with both normal and abnormal
cell lines show less severe clinical symptoms than
non-mosaic subjects with abnormal karyotype.
However, despite their relatively normal IQ
distribution, the frequency of sex chromosome
mosaic individuals in mental hospitals is similar to
that of patients with 47,XXY Klinefelter's
syndrome, namely 5 to 6 times higher than that in
newborn populations. Polani (1969) has suggested
that this may be due to the admixture of different
cell lines in the brain upsetting higher functions and
social adaptation with subsequent hospitalization.
While considering the significance of our findings,

it is perhaps worth pointing out that only one child
with 48,XXYY karyotype (Court Brown, 1967)
was found in 22,000 male births in the surveys
quoted above. Crandall et al. (1972) reported one
child with this karyotype among 700 psychiatric
referrals; it does seem, therefore, that such children
may present either with developmental problems or
mental retardation.

It is widely accepted that there is a relation
between intelligence and language levels. If the
intelligence levels of children with single sex
chromosome aneuploidy (e.g. 45,X; 47,XXY) are

examined, the general IQ may be close to the normal
but the distribution is negatively skewed. How-
ever, if the verbal and performance values are
compared, it is found that in individuals with sex
chromosome monosomy (45,X) the performance IQ
is lower than the verbal IQ, whereas in Klinefelter's
syndrome (47,XXY) the reverse is true but less
consistently so (Money, 1963; Moor, 1967; Polani,
1969). In children with various forms of sex
chromosome aneuploidy related to Klinefelter's
syndrome, this discrepancy between levels of verbal
and performance IQ presents as speech retardation,
a finding supported by the work of Crandall et al.
(1972) and Fujita et al. (1972) in psychiatric patients.
Conversely, we might expect children with the sex
chromosome changes responsible for Turner's and
some related syndromes to be referred for problems
of motor co-ordination.
Many social and environmental factors could

affect the age at which all these patients might be
recognized as needing help, but it is important that
they be referred for remedial help in the first few
years of life. The children with more extreme sex
chromosome disorders and the associated mental
impairment would probably be referred later to
special purpose schools.

It is apparent from this and published reports that
the retardation of speech development may be a
diagnostic criterion for selecting chromosomally
anomalous patients in prepubertal populations. If
this is so, future experience may show us ways of
giving supportive therapy directed not only at their
speech defect, but more generally at preventing the
development of psychosocial maladjustment. In
the cases reported here, expressive language deficit is
responding to therapy and we hope that care from
infancy may prevent the adaptive crises which could
lead to psychiatric referral later in life.
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