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Fragile Site X Chromosomes in Mentally Retarded Boys
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The fragile X syndrome is a common X-linked mental retardation and autism,
affecting females as well as males. The fragile site X chromosomes were studied
in a series of 153 mentally retarded boys of unknown etiology to determine the
frequency of fragile X syndrome, and to assess the feasibility of making a clini-
cal diagnosis of the fragile X syndrome in young boys before cytogenetic results
were known. The 10 boys (6.4%) were positive for fra (X) (q27). The phenotype
of fra (X) (q27) positive patients were typical except one who also had sex chro-
mosomal mosaicism. There were three pairs of siblings among the fra (X) (q27)
positive patients. Frequency of expression of the fragile site was in 10 to 47
per cent of cells. In addition, 19 boys showed a previously unsuspected chro-
mosomal abnormality. The frequency of the fragile X syndrome in the present
study is not significantly different from those in Caucacians and Japanese popu-
lation. The fragile X syndrome can be recognized by noting key aspects of fa-
mily history as well as the clinical features in mentally retarded boys.
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INTRODUCTION

Fragile sites of chromosomes are visible as elongat-
ed, lightly staining regions between two chromosome
bands which are normally adjacent only in
metaphases of cells that have been subjected to vari-
ous treatments known or suspected to interfere with
DNA replication (Jordan 1987). Much of the interest
is focused on the site close to the end of the long arm
of the X chromosome at Xq 27.3 because of its as-
sociation with the X-linked mental retardation syndrome
(Harrison et al 1983).

It has been known for decades that a disproportion-
ate number of mentally retarded individuals were male.
Martin and-Bell (1943) first reported a pedigree of X-
linked mental retardation. Lubs (1969) first detected the
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marker X, or the fragile X chromosome in two brothers,
their mother, and three additional relatives. Sutherland
(1977) reported that the demonstration of the fragile
X chromosome was dependent on the use of folate-
deficient tissue culture media. The Martin-Bell pedigree
was later shown to demonstrate the fragile X chromo-
some (Richards et al 1981). Recently, a gene desig-
nated “FMR-1" has been isolated at the fragile-X locus
(Verkerk et al 1991).

The classic triad of physical findings in the fragile X
syndrome in adult males consists of a long face with
prominent jaw, large, prominent ears, and macroor-
chidism (Hagerman et al 1983). Fragile X syndrome
is the most common familial form of mental retarda-
tion and autism (Sutherland 1985). It is the second
most frequent chromosome anomaly associated with
mental retardarion, after trisomy 21. The incidence of
the fragile X syndrome is approximately one in 1000
(Webb et al 1986). However, most individuals with this
disorder have not been diagnosed.

The purposes of this study were to detect fragile X
chromosome in intellectually handicapped boys for the
fragile X syndrpme, and to assess the feasibility of
making a clinical diagnosis of the fragile X syndrome
in young boys.
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SUBJECTS AND METHODS

The subjects studied were 153 boys with idiopathic
mental retardation who consented cytogentic analyses
for fragile X chromosome at Seoul National Universi-
ty Children’s Hospital from March 1985 to February
1992. Excluded were patients with Down syndrome
and other chromosomal abnormalities previously di-
agnosed.

Clinical examination included measurements of
height, weight, head circumference, ear lobe length,
ane testicular volume using Prader orchidometer. The
intelligence quotients were evaluated by Korean
Wechsler Intelligence Scaleor Draw-a-Man test.

A case was diagnosed-as fra (X) (q27) positive
based on criteria described by De Arce et al (1986);
more than two metaphases with fra (X) (q27) chromo-
some must be observed in 100 metaphases from the
boy being investingated.

The ear lobe was defined as long when its length
is over +2 SD by standard of ear size (Han et al 1992).
Macroorchidism was defined testicular volume equal
or over 4mL in prepubertal boy. The long face was
judged subjectively.

Cytogenetic studies

Ten ml of venous blood was collected into sodium
heparin, and each specimen was cultured in TC 199
medium (Gibco) with 15% fetal calf serum (Gibco) and
phytohemaggluitin (Gibco) for three or four days at
37°C, and treated with methotrexate 24 hr before har-
vesting to a finsal concentration in the culture medi-
um 0.01mg/ml. A minimum of 100 cells were examined
per specimen, and the presence of the fragile sites
at band g27 on the X chromosome was confirmed
by Giemsa banding.

RESULTS

Among 153 mentally retarded boys karyotyped, 10
boys (6.5%) were found to be fra (X) (q27) positive
(Table 1). All fra (X) (g27) positive patients were present-
ed initially with severe mental retardation, speech delay
and in most of them with behavioral problems (Table
2.). The cytogenetic and main clinical findings of these
10 boys are summarized in Table 3. A typical facial
appearance of the fragile X syndrome (patient No. 3),
and general appearance and the fra (X) (q27) posi-
tive karyotype of patient No. 5 are shown in Figs. 1,
2 and 3.

One of the fra (X) (g27) positive patients (No. 6) was
atypical for the fragile X syndrome in clinical features
and showed sex chromosomal mosaicism, 45, X/46,

193

Fig. 1. Fragile X syndrome in 6.4-year-old boy (patient No.
3) with typical facial appearance.

Fig. 2. General appearance of 2-year-old boy (patient No.
5). Note long face, high forehead, long and prominent ears
and macroorchidism.
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Table 1. Results of Cytogenetic Studies for the Fragile X
Syndrome in 153 Boys with Mental Retardation of Unknown
Etiology

Total no. karyotyped 153
Positive for fra (X) (q27) 10
Negative for fra (X) (927) 143
Other chromosomal abnormalities 20
Autosomal* 16
Sex chromosomal ' 4

*2p-, 3p-, 5p-, +8 (mosaic), inv (9) 3; 9gh+, 10p—
(mosaic), 13q-, 18p +, 18p-, t (7;14), +mar, 3.
12 XXY, XXXXY, XIXY/IXYY, Y —.

H.-R. Moon, S.-Y. Moon

Table 2. Presenting Parental Complaints in Boys with Fra
(X) (g27) Chromosome

Complaints Frequency (%)
Mental retardation, severe 100
Speech delay 100
Hyperactivity 90
Short attention span 80
Delayed motor development 80
Autistic-like behavior 60
Difficulty in discipline 50
Shyness 30
Hypotonia 20

Table 3. Cytogenetic and Clinical Features of Boys with Fra (X) (q27) Chromosome

Presence (+) or absence (—) of physical triad

Patient Age % Fra (X) (927) 1Q*
No. ) Expression Long face Long ears Macroorchidism
(>+2 SD) (=4ml)
1 10.2 46 44 + + +
2 80 36 40 + + +
3 6.4 24 37 + + +
4 90 18 34 + + +
5 20 13 30 + + +
6 70 27 38 = - -
7 26 20 49 + + —
8 6.8 1 53 + + +
9 59 21 36 + + -
10 44 15 35 + + +
*Korean Wechsler Intelligence Scale or Draw-a-Man Test.
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Fig. 3. Karyotype of patient No. 5 showing the fra (X) (q27) chromosome.
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XY/47, XYY with 1, 20 and 6 fra (X) (927) positive cells
out of 3, 45, X; 82, 46, XY; and 15, 47, XYY metaphases,
respectively. Additionally, 19 boys (12.4%) were found
to have a previously unsuspected chromosomal ab-
normality, and in three of the nineteen, the abnormal-
ity involved the sex chromosomes.

In the fra (X) (q27) positive boys, the percentage of
cells expressing the fra (X) (927) varied from 10% to
46% with a mean of 22%. The 1Qs of the fra (X) (027)
positive patients ranged from 30 to 53 with a mean
of 40. There were three pairs of sibships, patients Nos.
1 and 2; 3 and 4; and 9 and 10. The triad of physical
findings in the fragile X syndrome was present in 70%
of fra (X) (g27) positive boys.

DISCUSSION

Fragile X syndrome, associated with a rare fragile
site at Xg273, is the most common familial form of men-
tal retardation (Sutherland 1985).

The clinical phenotype comprises mental retarda-
tion, macroorchidism, and a typical but variable fa-
cial dysmorphy. The most special chracteristics,
however, is expression of a fragile site at Xq 27.3 in
the affected males and in a proportion of female car-
riers(Lubs 1969; Sutherland 1977). Cytogenetic detec-
tion of the fragile X site in lymphocytes requires culture
in folic acid-free medium or by induction with 300mg
thymidine/liter, 005mg FUdR/liter or 001mg methotrex-
atefliter (Sutherland et al 1990).

The prevalence rates for persons with all degrees
of intellectual handicap and the fragile X syndrome
in the public school population were 1:2610 for males
and 1:4221 for females in an Australian population of
1.2 million (Turner et al 1986). There have been several
reports on the prevalence of the fragile x syndrome
in Caucasians showing different frequencies ranging
from 6.2% to 136% (Carpenter et al 1982, Froster-
Iskenius et al 1983, Kahkoner et al 1983, Bundey et
al 1985). Blomaquist et al (1983) suggested an ethnic
factor as one of the possible causes of different preva-
lences among the mentally retarded population
studied. Arinami et al (1986) reported the frequency
of the fragile X syndrome in Japanese males without
a specific cause of mental retardation as 86% sug-
gesting that the prevalence of the fragile X syndrome
in Japanese is not significantly different from that in
Caucasians.

The fragile X syndrome can occur in patients with
another condition such as sex chromosomal
aneuploidy (Brondum-Nielsen 1986, Froster Iskenius
et al 1982). For unknown reasons, there is an in-
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creased incidence of nondisjunction in the fragile X
syndrome. Because of the facial appearance and or
the clearly abnormal testicle size, fragile X syndrome
was suspected prior to cytogenetic studies in the fra
(X) (927) positive patients except one who had sex
chromosomal mosaicism. The clinical features of the
boys positive for fra (X) (q27) were very similar to those
in the literature, including severe or moderate mental

retardation, thin and long face with large nose and
ears and macroorchidism. Thake et al (1985) report-
ed clinical features that helped to distinguish the boys
with the fragile X chromosome from those without were
head circumference over the 50th centile, postpuber-
tal testicular volume over the 50th centile, and an 1Q
between 35 and 70. The prepubertal boys may
demonstrate fewer obvious physical features. Macro-
orchidism was present in fewer than half of patients,
and was more difficult to recognize when the testicu-
lar volume was small (Carpenter 1983). The normal
testicle has a volume of 2 ml until the earlier stage of
puberty at approximately 8 or 9 years of age, when
it begins to increase in size. Recognition of macroor-
chidism (4 ml volume) can be difficult unless the testi-
cle is measured with an orchidometer. Simko et al
(1989) suggested the fragile X syndrome can be
recognized in young children by noting key aspects
of behavioral and family histories as well as the physi-
cal findings. Thus, patients with fragile X syndrome
may be suspected from the clinical features of males
with mental retardation of unknown etiology.

The locus of the abnormal gene is on the terminal
portion of the long arm of the X chromosome at Xg27.3
and is associated with a fragile site. Not all individu-
als who carry the fragile X gene, however, demonstrate
the fragile X chromosome in cytogenetic studies.

Approximately 20% of males and 40% to 50% of
females who inherit the fragile X gene are unaffected
by the syndrome and are fra (X) (q27) negative (Sher-
man et al 1984, 1985). There is evidence that the loss
of function of the FMR-1 gene causes mental retarda-
tion and the clinical phenotype of the fragile X syn-
drome. Recently, Wohrle et al (1992) detected a
molecular delection at Xq 27.3, including exons of the
FMR-1 gene in a fra (X) (g27) negative mentally retard-
ed male who presented the clinical phenotype of the
fragile X syndrome.

Hitherto all patients with fragile X syndrome have
been ascertained cytogenetically by detection of the
fragile site. A molecular genetic analysis is required,
however, for the patients who present the clinical
phenotype of the fragile X syndrome, but there is no
cytogenetic expression of the fragile site.
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