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ABSTRACT

A cytogenetic study was conducted on 114 cases with heavy mental retardation who
were admitted to National Sanatorium Kamo Hospital and Hiroshima Prefectural Hand-
icapped Children’s Hospital. Of the 114 cases, 69 cases were males and 45 cases were
females. These patients were classified into two groups according to clinical features:
Group I of 58 cases with cerebral palsy and Group II of 56 cases with behavior dis-
orders.

Chromosome slides were prepared in accordance with the standard blood culture
procedure. Karyotype analyses were made with the application of the conventional
Giemsa staining and G-, C-, and Q-banding differential staining.

Of these cases, 14 cases had abnormal karyotypes, showing an incidence of 12,3%.
Of the 14 abnormal cases autosomal abnormalities were observed in 12 cases and sex-
chromosome abnormalities in 2 cases. And normal variations of no.1, 9, and Y chro-
mosome were found in 11 cases.

Out of the 58 cases with cerebral palsy belonging to Group I, 5 cases (8,6%) and
out of 56 cases with behavior disorders belonging to Group II, 9 cases (16,1%) had
abnormal karyotypes.

As a result of the chromosome analyses performed on available relatives of abnor-
ma)] and normal cases with variations, one abnormal case and two of normal varia-

tions were found to be transmitted through the parental line.

A review of the etiology of mental retardation
has shown that genetic causes contribute exten-
sively to this handicap. To date, the relationship
between mental retardation with multiple mal-
formations and chromosome abnormalities has
been well established, and an increasing num-
ber of chromosomal syndromes have been recog-
nized. Minor chromosomal losses or gains may
not, however, be associated with gross malfor-
mations. The significance of translocations as a
cause of mental retardation remains to be elu-

cidated.

As far as the author is aware of, ten previ-
ous surveys®"10:14181844475) haye been published
on karyotyping of mentally retarded patients. Of
these reports, only those by Jacobs et al
(1978)"%, Grase et al (1979)'%, Nielsen et al
(1983)"”, and Kadotani et al (1980", 1984'%)
have employed banding techniques consistently
in all patients.

It was found difficult by non-banding tech-
niques to detect minor chromosome abnormali-
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ties. In fact, the great majority of chromosome
abnormalities were detected in patients with
Down’s syndrome by non-banding techniques. In
addition, according to previous reports, the in-
telligence of patients ranged from border line
(60<1Q<75) to profound (IQ< 20).

In the present study, all the patients had
heavy mental retardation ranging from severe
(20<1Q<35) to profound (IQ<20). In order to
detect even minor chromosome abnormalities,
banding techniques were employed routinely in
all the patients.

PATIENTS

The 114 cases examined in the present study
consisted of 72 cases from National Sanatorium
Kamo Hospital and 42 cases from Hiroshima
Prefectural Handicapped Children’s Hospital
with 69 being males and 45 being females.

All the cases had heavy mental retardation
with the degree of mental retardation ranging
from severe in 4 cases being 20—35 in IQ score
and profound in 110 cases being under 20 in I1Q
score.

According clinical features, the patients were
divided into two groups; Group I of 58 cases (28
males and 30 females) with cerebral palsy and
Group II of 56 cases (41 males and 15 females)
with behavior disorders. In Group I, all the pa-
tients had dyskinesia, palsy or hemiplegia of the
extremities, muscular atrophy, difficulty or ina-
bility in walking, and speech disorders. In Group
II, the common clinical findings were various be-
havior disorders and speech disorders.

Furthermore, in terms of genetic consultation,
chromosomal studies were also performed on
available relatives of karyotypically abnormal pa-
tients.

METHODS
The chromosomal preparations were made by
standard leucocyte culture procedure.

Phytohemagglutin-stimulated peripheral blood
was cultured in Eagle MEM medium for 72 hr
and slides were made by means of the air-drying
technique.

Chromosome counts were made with about 25
well delineated metaphases. The karyotype was
analysed in 6 cells by conventional Giemsa stain-
ing and by G-banding staining respectively.

In abnormal or ambiguous cases, C-, or Q-

banding staining was also employed as neces-
sary, and the number of chromosome counts and
of karyotyped cells was increased.

RESULTS

The details of the clinical and cytogenetic find-
ings of all the patients have been presented in
previous reports (Hiroshima J. Med. Sci. 35 (2),
149-161, 1968%®; ibid. 35(8), 253—270, 1986)".

In Groups I and II, abnormal karyotypes were
found in 5 cases (8,6%) and 9 cases (16,1%),
respectively. In total, chromosome abnormalities
were detected in 14 cases (12,3%) out of 114
cases (Table 1). Autosomal abnormalities were
seen in 12 cases. Of these, 21 trisomy was ob-
served in only two cases. Sex-chromosome ab-
normalities were detected in two cases.

Of all the cases, 11 cases (9,7%) had normal
variations, of which 6 cases had autosomal var-
iations, three cases had sex-chromosome varia-
tions, one case had autosomal and
sex-chromosome variations coincidentally, and an
autosomal variation was found in one abnormal
case (Tables 1 and 2).

Table 1. Summary of Results

Group I Group II Total

Number of patients 58 56 114
Normal karyotype 49 41 90
Normal with variations 4 6 10
Abnormal karyotype 5 9 14
% abnormal 8,6 16,1 12,3

Table 2. Summary of Abnormal and Variant

Karyotypes

Group I Group II Total
Trisomy 21 0 2 2
Other ahtosomal 3 7 10
abnormalities
Sex-chromosome 2 0 2
abnormalities
Autosomal variations 3 5* 8*
Sex-chromosome variations 1 3* 4*

* complicated in two cases (one was 1gh+,Yq+ and

another was 1gh+, rcp t%(3;4))

Abnormal karyotypes were seen in one case
of reciprocal translocation between chromosome
nos.3 and 4 and an elongated long arm of no.1
(1gh+, rcp #%3;4) ), one case of an elongated
short arm of no.5 (5p+), one case of a deleted
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Table 3. Details of Karyotypes of 114 cases

Karyotype Group I Group II Total Reference
46,XY 26 29 55
e BXX 28 12 3
46,XY,1gh+ 1 1 (34)
46,XX,1gh + 2 2
Normal with 46,XY,9qh + 1 1 2 (35)
variations 46,XX,9qh + 1 1
46,XYq+ 1 2 3
............................. 46 XYq+,1gh+ ... 1 1
46,XY,1gh+,rcp t(3;4) 1 1 (23)
46,XY,5p+ 1 1
46,XY,5q- 1 1 (21)32)
46,XX,dir dup(7) 1 1 (24)
46,XY,9q- 1 1 (20)26)
46,XY,inv(9) 1 1 (27)(40)
Abnormal 46,XX,inv(9) 2 2 (29)36)(40)
46,XY,der(Y)ins(Y;15) 1 1 17x37)
46,XY, +del(15) 1 1 (19)
47, XX, +21 2 2 (30)
47,XXX 1 1
45,X/46,XX/46,Xr(X) 1 1 (22X33)
Total 58 56 114
long arm of no.5 (5q-), one case of a direct dupli- DISCUSSION

cation of no.7 (dir dup(7) ), one case of a delet-
ed long arm of no.9 (9q-), three cases of a
pericentric inversion of no.9 (inv(9) ), two cases
of partial trisomy of no.15 (one was der(Y)
ins(Y;15) and another was +15g-), two cases of
trisomy 21 (+21), one case of triplo-X (XXX),
and one case of mosaic X chromosome
X/XX/Xr(X) XTable 3).

Normal variations were seen in 4 cases, involv-
ing one abnormal case of rcp t(3;4), of a long
arm of no.1 (1gh+), three cases of a long arm
of no.9 (9gh+), three cases of the long arm of
Y chromosome (Yq+), and one case of the coin-
cidence of a long arm of no.1 and Y chromo-
some (1gh+,Yq+)Table 3).

In the chromosomal study of the available rela-
tives of karyotypically abnormal patients and
normal patients with variations, 15 cases were
karyotyped. The results showed that one case
of chromosome abnormality and two cases of
normal variations were found to be transmitted
through the parental line.

The details of karyotypically abnormal cases
and normal cases with variations were report-
ed previouslyl7-24,26-36,38,40,41).

The relationship between mental retardation
with multiple malformations and chromosome
abnormalities has been established, but mental
retardation does not always have multiple mal-
formations. Among the patients in the present
study, in fact, apart from those with Down’s
syndrome, only two cases (case of 47, XXX and
case of 46,XX, dir dup(7)) had been previously
examined cytogenetically with non-banding tech-
niques. The recent studies have demonstrated
that minor chromosomal losses or gains and
translocations were not associated with gross
malformations.

The advances made in differential staining
methods have contributed much to the increase
of knowledge in human cytogenetics. Among the
previous reports in which mentally retarded pa-
tients were karyotyped, according the author’s
knowledge, only five studies routinely employed
banding techniques. A G-band study of newborn
babies by Buckton et al (1980)® showed that
the frequency of structural rearrangements de-
tected with the banding techniques was not sig-
nificantly higher than in the non-banding
techniques. The application of banding tech-
niques, however, has made it possible not only
to detect the chromosome abnormalities but also
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to delineate the exact points of rearrangements.
In order to detect even minor chromosome ab-
normalities, in the present study, the banding
techniques were routinely employed in all the pa-
tients.

The incidence of chromosome abnormalities in
normal population is 0,3%—0.5% (reviewed by
Makino, 1975)®. The finding of 12,3% (14
cases out of 114 cases) of chromosome abnor-
malities in this population indicates their impor-
tance in the etiology of mental retardation.
Furthermore, it is very interesting that an ob-
vious difference was showed in the incidence of
abnormal karyotypes between Group I (8,6%, 5
cases out of 58 cases) and Group II (16,1%, 9
cases out of 56 cases)Table 1).

Group I’®® consisted of patients having
cerebral palsy. As reason for the low incidence
in this group, most of the patients had perina-
tal and postnatal causes such as asphixia,
pracenta previa, inertia uteri, prolonged lavor,
forceps operation, severe jaundice, meningitis
and encephalitis. With the advances in medicine,
it may be considered that the perinatal and post-
natal causes will decrease and that the propor-
tion of chromosome abnormalities as a prenatal
cause will be found to increase in patients with
cerebral palsy in future.

Group II*” consisted of patients without
cerebral palsy but having behavior disorders as
the most common clinical findings. Most patients
of this group had few malformations suggestive
of chromosome abnormalities except two cases
with Down’s syndrome. Apart from two cases
with Down’s syndrome, none had been previous-
ly karyotyped. The high incidence (16,1%) ob-
served in this group is remarkable. Prior to this
study, in 4 abnormal cases out of 9 cases any
cause of mental retardation was not found.

Of 14 abnormal cases out of all the patients,
autosomal abnormalities were seen in 12 cases
and sex-chromosome abnormalities in 2 cases. Of
the autosomal abnormalities, trisomy 21 was
seen in only two cases. Trisomy 21 was the com-
monest abnormality in previous reports. Approx-
imately 10% of mentally retarded patients have
Down’s syndrome (Speed et al, 1976°”; Jacobs
et al, 1978)"”. The remarkably low incidence
(1,75%, 2 cases out of 114 cases) in the present
study probably refrects the heavily retarded pa-
tients (4 severe cases and 110 profound cases)

studies. The rate of sex-chromosome abnormal-
ities among the newborns is around two per
thousand (Nielsen and Sillesen, 1975)*®. In the
present study, this abnormality was found in 2
cases (1,75%), demonstrating a high incidence
rate.

Chromosomal losses were found in 8 cases;
one case of 5q-, one case of 9q-, and one case
of X/XX/Xr(X), and chromosomal gains were ob-
served in 6 cases; one case of 5p+, one case of
dir dup(7), one case of +15q-, two cases of +21,
and one case of XXX. The relationship between
karyotype and phenotype in minor chromosomal
losses or gains remains unclear except for sever-
al established syndromes.

Translocation-type abnormal karyotypes were
found in 5 cases; one case of 1gh+,rcp %3;4),
one case of der(Y)ins(Y;15), three cases of inv(9).
No precise explanation has been made, to date,
on translocations as a cause of mental retarda-
tion. As suggested by Jacobs (1974)"® this may
be due to an association between de novo trans-
locations and mental retardation presumably
caused by a loss of chromosomal material in the
translocation area or due to a position effect or
a point mutation.

Normal variations were found in 11 cases, be-
ing 9,7% in incidence; 3 cases of an elongated
long arm of no.1 (1gh+), 3 cases of an elongat-
ed long arm of no.9 (9gh+), 3 cases of long
Y(Yq+), one case of an elongated long arm of
no.1 associated with long Y (1qh+,Yq+), and
one abnormal case of an elongated long arm of
no.1 associated with reciprocal translocation be-
tween nos.3 and 4 (1qh+, rcp t(8;4) ). The elon-
gation occured at the area of the constitutive
heterochromatin in all the variation cases.

Although the elongated long arm of no.l, 9
and Y chromosome has been found in both nor-
mal persons and subject with congenital
anomalies®**#12162:424849505459) more morphological
variations of those chromosomes were found in
abnormal population than in normal (Gardner et
al, 1978%; Ghosh, 1979)°. Tiiir et al (1974)®
made the chromosomal study on 208 normal
adults and reported that the incidence of 1qh+
was 1,9%. Nielsen et al (1974)* reported that
the incidence of 9gh+, based on the chro-
mosomal examinations on 8712 persons, was
0,1%. In the present study, the incidence of
1gh+ was 4,4% (5 cases out of 114 cases) and
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that of 9gh+ was 2,6% (3 cases out of 114
cases), showing higher incidence than that of
previous reports, respectively. Unusually long Y
chromosome is the commonest variation, but the
significance of this feature in relation to men-
tal retardation is uncertain. It has been suggest-
ed, however, that Yq+ may be indicative of
increased risk of behavioral disturbance or men-
tal defects (Alley and Grase, 1979)". Similarly
the relationship between autosomal variations
and mental retardation also remains a matter
for further investigation.

As a result of the chromosome analyses per-
formed on available relatives of abnormal cases
and normal cases with variations, one abnormal
case (der (Y),ins(Y;15) ) and two of normal var-
iations (1qgh+) were found to be transmitted
through the parental line. Genetic consultation
was provided to one case. In terms of etiologi-
cal effects and genetic consultation, adequate fa-
mily studies may be necessary for chromosomal
studies.

The present study had confirmed that chro-
mosomal abnormalities contribute significantly to
the etiology of mental retardation and that the
chromosome analyses are important to any
retardate, especially when no obvious causes for
the retardation was found.
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