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The case of a boy is reported showing the typical symptoms of Down’s syndrome, in whom the
chromosome analysis revealed a mosaic karyotype: 50% 48, XYY, +21/50%, 47.XY,+21.
Findings of 92 cases from the literature are summarized to show the frequencies of double
gonosome-autosome aneuploidies compared with single trisomies. Referring to the different
chromosomes involved, the aneuploid cell formation, the frequencies of combinations, as well
as the tendency to mosaic formation are analyzed. The age of parents at the time of birth and
the life expectancy are described as well as the clinical symptoms. Theories concerning the
origin of double aneuploidies are discussed.

The cytogenetic investigation of a mongoloid infant showed at chromosome analysis a
mosaic of the sex chromosomes XY and XYY, as well as trisomy 21 throughout.

CASE HISTORY
Alois A., born 25.9.1974.

Mother 29 years, father 35 years at birth of the child. Three elder, healthy siblings, no
miscarriages or still-births. Birth was one week earlier than the expected date, birth weight
3620 g, length 52 cm, head circumference 34.5 cm.

Clinical findings

The child presents the typical symptoms of Down’s syndrome (Fg. 1) and clinical signs of
heart disease. Because of weakness of the sucking and drinking reflexes, the child had to
be fed by tube until his eighth month.

Developmental anamnesis

At the age of 6 months, the child shows a developmental age of 115 months, whereby the
motor coordination, grip and perception show better development than general body control.
The social reactions are especially retarded, there is hardly any contact with the environment,
and the baby utters no sounds. EQ lies at about 0.3.
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Fig. 1. Alois A., 6 months.

Cytogenetic findings

At chromosome analysis of the lymphocyte cultures, 50 %, of the mitoses showed a karyotype
47.XY,+21, and 50% the karyotype 48,XYY,421 (Fig. 2).

Sixty-eight per cent cells from buccal smears and lymphocytes showed F-bodies, 109, show-
ing 2 F-bodies per cell (Fig. 3).

Dermatoglyphics

The dermatoglyphics show the characteristic changes for Down’s syndrome as well as extreme
dysplasia of the palms and soles. The D.S. score according to Beckman totals 17 and there-
fore lies within the range of male mongoloids with proven trisomy 21 (14.77 + 0.53).

DISCUSSION
1. Frequencies of double gonosome-autosome aneuploidies in the group of autosome trisomies

(@) Own Investigations

At the Erlangen Institute for Human Genetics, 630 patients have been examined in whom
an autosomal trisomy could be proven: 568 showed a free trisomy 21, 45 a trisomy 18, 16
a trisomy 13, and 1 a trisomy 8.

During the same period, 3 children were observed with double aneuploidy. Two of them
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Fig. 2. Karyotype of the patient Alois A.: 48,XYY,+21.

presented a combined autosomal-gonosomal aneuploidy; the above-mentioned patient and
a girl with Turner/trisomy 21 mosaic. The third one had a double autosomal aneuploidy,
having additional chromosomes 18 and 21.

The frequency of double aneuploidy in the sum of our patients with trisomy 21 therefore
lies at about 0.59%.

(b) Literature

Hamerton found 2 cases of double aneuploidy in 133 mongoloid children, Pfeiffer 1 in 68.
The theoretical frequency of double aneuploidies is taken as a product of the frequencies of
single aneuploidy. For the example, combination of Klinefelter’s syndrome and mongolisms,
this would mean a theoretical frequency of 1 : 300,000 male births.

Summaries of screening examinations of male births including more than 20,000 children
show, however, an actual frequency of 1 :11,500. This combination of double aneuploidy
is therefore observed 30 times more often than would be theoretically expected.

On the whole, we found 93 cases of double autosomal-gonosomal aneuploidy in the literature.

2. Combinations of double aneuploidies and their distribution

By far the greatest proportion of the above-mentioned number of cases (68 cases) appear
as a combination of trisomy 21 with various types of gonosomal aneuploidy, in 18 cases
gonosome abnormalities were combined with trisomy 18, and in 7 with trisomy 13.
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Fig. 3. Lymphocytes of the patient with 1 and 2 F-bodies.

Most frequently combined with trisomy 21 is the Klinefelter’s syndrome, followed by the com-
bination with XYY and XO at about equal frequency, while XXX is seldom found (Table).
For combinations of trisomy 18 with gonosome aneuploidy, cases involving the Y chromo-
some are rarely seen. This may be possibly traced back to the known discrepancy between
the sexes in the occurrence of trisomy 18.

Trisomy 13 is found only in combination with XXY and XO.

If the various types of gonosomal aneuploidy are compared, the extreme variation in the
inclination to form mosaics is striking: in 41 combinations with XXY, 16 combinations
with XYY, and 12 XXX combinations, only 5 cases of mosaics were observed, while from
24 XO combinations 23 were shown to be mosaics.

3. Age of parents

The average maternal age for trisomy 21 according to Smith and Berg (1976) stands at 34.43
years. For the above patients (N = 66) the average maternal age was 32.0 years and there-
fore slightly lower than expected. This difference is above all due to the lower maternal
age of the mosaic patients: in the mosaics an average of 29.6 years (N = 19) was calculated,
while for penetrant double aneuploidies 32.9 years (N = 47) were shown.

So, there is a direct connection of maternal age referred to penetrant double aneuploidies
and to mosaics. It is possible that different aetiological factors play a role in the origin of
double aneuploidy.
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Table. Frequency of the different double aneuploidy forms.

Chromosome results Total number of cases* Share of mosaics

Trisomy 21 + XXY 29 0
+ XYY 16 1
+ XXX 5 1
+ XO 18 17

Trisomy 18 -+ XXY 9 1
+ XXX 7 1
+ XO 2 2

Trisomy 13 + XXY 3 1
+ XO 4 4

93

* Including all cases from the literature (cf. References) and the present ome.

The low maternal age of 27.4 years (N = 11) for the 48,XYY, 421 group of penetrant double
aneuploidy cases was particularly striking, as it lies almost within the normal range (average
maternal age for the general population of the FRG 27.02 years). Therefore the paternal
age for this group was also considered, if possible. In as far as a count of 7 cases may allow
any sort of assertion, it shows an increase over the general population (average age 30.5
years) with an average of 31.9 years.

4. Life expectancy

The average life expectancy of the children with aneuploidy combinations with chromosomes
13 or 18 was, as expected, extremely low (26 days, N = 16), while for the patients with com-
binations with trisomy 21 no obvious difference was noted from those with trisomy 21 only,
nor was any expected.

S. Clinical symptoms

The clinical picture of the patients was to a large extent determined by the autosomal distur-
bance; with a higher portion of XO-cells, however, the symptoms of Turner syndrome were
apparent.

In most of the mongoloids with Klinefelter’s syndrome a hypogonadism was observed. How-
ever, this is also found in mongoloids with trisomy 21 only. In any case, in various patients
an increased gonadotropin value was found as well as female body proportions, gyneco-
mastia, and testicular changes, all characteristic of Klinefelter’s syndrome. These symptoms
must therefore be due to the gonosomal disturbance.

In the combinations with XXX and XYY, apparently no additional clinical symptoms were
observed.

6. Familiar findings

No familial tendency to chromosomal abnormalities was found in any of the patients.
Three cases were twin pregnancies, and in 1 case we found an increased familial risk of
miscarriage.
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7. Cytogenetic investigations

The chromosome analyses were made on lymphocyte cultures in about half of the cases.
In addition, skin, fascia, and bone marrow were investigated. For the mosaic cases, several
tissues were usually analyzed, whereby a variable distribution of the cell lines in the different
tissues was sometimes found. In half of the cases the sex chromatin was also determined.
The results agreed in all cases with the results of the chromosome analyses.

8. Theories as to the origin of double aneuploidies

Penetrant double aneuploidy can arise from a fusion of a gamete with 25 chromosomes with
another having 23 chromosomes, or from a fusion of 2 gametes with 24 chromosomes. A
further possible origin is a post-zygotic nondisjunction with subsequent loss of the hypoploid
cell line.

The most probable explanation for the origin of a mosaic is, in most cases, a post-zygotic
loss of chromosomes. This theory is particularly supported by the fact that there occur
almost exclusively mosaics of the XO/autosome combination, since with monosomic X it
is not very probable that the disturbance occurs at gametogenesis; rather at zygotic mitosis.
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