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A CYTOGENETIC STUDY OF 92 CASES OF DOWN'S SYNDROME
HIROSHIMA AND NAGASAKI

Down EEEZ # R B OMRETFHNRE
LB - kI

INTRODUCTION

The cytogenetics of Down's syndrome has been extensively
studied in the past few years and the underlying chromo-
some defect, in the majority of cases trisomy 21, is well
re-::c-gni:r.(‘.d.1 The purpose of this paper is primarily to
present data which supplements other recent reports
A survey of 92
patients with Down's syndrome is described, giving

from Europe, U.S.A., and Japan‘z‘u

cytogenetic, parental age and birth rank data. In
addition, a case with trisomy 21 and a D/D translocation
is presented.

MATERIALS AND METHODS

Most of the patients with Down’s syndrome were drawn
from eight schools for mentally retarded children, five in
Hiroshima Prefecture and three in Nagasaki Prefecture,
and from one vocational training school for mentally
retarded adults in Hiroshima Prefecture. Through five
large hospitals in Hiroshima City, 12 additional non-
institutionalized cases were ascertained. In the children’s
schools, the upper age limit is 18, and though there is no
stated lower limit few cases are under 8 years of age.
Those selected for cytogenetic study were presumed
Down’s syndrome cases based on clinical examination by
physicians in the schools and hospitals.

A total of 101 cases were examined cytogenetically, 64 in
Hiroshima and 37 in Nagasaki. With one exception,
studied by bone marrow technique, chromosome prepa-
rations were made through short-term culture of peripheral
leukocytes by a modification of the method of Moorehead
et al.l% Whenever it seemed indicated and was possible,
chromosomes of the families of the patients were examined
by the same method.
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RESULTS AND DISCUSSION

Of the 101 patients examined cytogenetically, 92 (57 in
Hiroshima and 35 in Nagasaki) were found to have chromo-
somal abnormalities consistent with the clinical diagnosis
Details for these 92 cases are
given in Table 5. Table 1 summarizes the results.

of Down’s syndrome.
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TABLE 1 DISTRIBUTION OF KARYOTYPES AND MEAN MATERNAL AGE FOR 92 CASES OF DOWN'S SYNDROME

#1

Down 15 BFO261 0 5 55 i & B 00 T 19 4 %

Mean Maternal Age at

Abnormality Cases  Relative Frequency Birth of Subject
2% 7l & FH A Ry SR R mHHER O B o F SR

G2l trisomy
ZIFEOREEO F Y VI — s B6
Gz21 trisomy and D/D translocation 94.6 33.2
QIFEOREEEO ) v I —HLUD,S DT 1
D/G translocation
D~ GiEeE 3 3.3 24.0
Mosaic 46/47
FHA TIERAE AT ciisiivviieiniinvinnivivisions 2 2.2 32.0
Total B msnnsnnarenmasmna 92 32.9

100.1

Trisomy of chromosome 21 accounted for 86 cases (53
male, 33 female). Two sibs (cases 85, 86) were trisomic
for chromosome 21. Another case of 21 trisomy had a
D/D translocation with five short acrocentric chromo-
somes (case 87). Three of the remaining five cases had
D/G translocations (cases 88, 89, 90) and the other two
were mosaics (cases 91, 92) in whom, on peripheral
blood culture, two distinct cell lines were demonstrable:
57% and 55 % respectively had 46 normal chromosomes,
while the remainder, containing 47, were trisomic for

chromosome 21.

It is possible that a few mosaics may have been missed,
since only blood cultures were emploved. Ideally, more
than one type of tissue should be studied, but in practice
this is not always feasible. Whether the nine clinically
presumed Down's syndrome cases who were cytogenetically
normal on a single peripheral blood culture are mosaics
or not, remains to be determined. Makino'! reported two
sihs with Down's syndrome who had normal karyotypes
from single peripheral blood culture. He implied that
further study, presumably of other tissues, was required
to be certain that mosaicism was not the underlying cause.
Hamerton and Polani'? pointed out the importance of
determining whether or not Down's syndrome is always
associated with excess material of chromosome 21 and
emphasized the necessity of obtaining adequate clinical
data, before accepting a diagnosis of Down’s syndrome in
the face of a normal chromosome complement.
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Among parents of this group there were seven consan-
guineous marriages, involving first cousins in three
instances and second cousins in the others, for an overall
consanguinity rate of 7.6%, slightly but insignificantly
different from the rates for Hiroshima and Nagasaki of
5.9% and 8.0% respectively.!?

Although parents (one or both) of several of the patients
were exposed to the atomic bomb either in Hiroshima or
Nagasaki some time before conception, most doses of
radiation were very low according to recent estimates.™

The mother of Case 77, who was 1630m from the
hypocenter, could have received a maximum air dose of
16 rad. All other exposed parents(excluding case 81, see
below) were beyond 2000 m, and with one exception, the
mother of Case 19 in Nagasaki whose dose estimate is 8rad,
were beyond the point in either city where the maximum
estimated air dose is 1 rad (2180 m and 2740 m respectively
for Hiroshima and Nagasaki). Hence it may be stated
with confidence that, with the two exceptions noted,
the exposed parents probably received vanishingly small
amounts of ionizing radiation at the time of the bomb.

The maximum estimated air dose for the mother of
case 81(1400 m from the hypocenter)is 54 rad. However,
the situation in this case is different from those above,
since the child was conceived 3 months before the bomb.

Thus, in this series, there is clearly not sufficient data
upon which to base any conclusion about the relative
frequency of Down's syndrome in the exposed and
nonexposed parents.

The karyotype for the patient with the presumed D/D
translocation had a modal number of 46 with trisomy 21
and only two chromosome pairs in the 13-15 group
(Figure 1). An additional chromosome resembling number
3, with a median centromere, was interpreted as the
product of a translocation between the long arms of the
two missing chromosomes from the 13-15 group. The
translocation chromosome was not readily identifiable.
Clinically the patient was indistinguishable from 21 trisomy
Down's syndrome. This case is apparently similar
to one reported by Hustinx'® (cited by Hamerton),
of a Down’s syndrome patient having 46 chromo-
somes, 21 trisomy and a 13-15 translocation. Walker
and Harris'® reported transmission of such a translo-
cation chromosome through three generations of a
kindred in which, however, no cases of Down's syndrome
occurred. Hamerton et al 1%, found a similar translocation
in two sisters, one of whom produced a typical trisomy
21 Down'’s syndrome child, without the 13-15 translocation.
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Figure 1 A iypicel karyogram from the patient with trisomy 21 and D/D translocation (Case 87). There are only two chromo-
some pairs in the 13-15 group. A single additional chromosome similar to number 3 is presumed to be the result
of a translocation between the long arms of the missing pair. There is an exira chromosome in the 21-22 group,
accounting for the trisomy in this case of Down’s syndrome.
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They stated that the presence of the translocation might
have somehow predisposed to nondisjunction of chromo-
some 21, resulting in Down'ssyndrome. Whether the
D/D translocation in our case was sporadic or inherited
is unknown, since chromosome study of the parents was
not possible. Inheritance of the translocation seems
somewhat more likelv, however, than the primary occur-

rence of the two events, nondisjunction and translocation.

Neither parent of the two sibs with 21 trisomy (cases 85,
86), nor those of the mosaics(cases 91, 92) were available
for chromosome study. The parents and four sibs of
case 87, having the D/D translocation combined with 21
trisomy, were phenotypically normal, but chromosome
study was refused. In two of the three cases of D/G
translocation (cases 88, 89) the parents’ karyotypes were
normal. The mother and three sibs of case 90 were cyto-
genetically normal; the father was not available for study.

In at least two of the translocation cases, the ahnormality
appears to be sporadic in occurrence rather than inherited,
since the parents’ karyotypes were normal. Similar
findings have been reported by others,®* 1819 and the
data of Day and Wright® show that approximately three-
quarters of the translocations (D/G) responsible for Down's
syndrome arise de novo.

The relative proportions of different karyotypes(trisomy 21,
translocations and mosaics; see Table 1) differ only
slightly and insignificantly from those reported by

2.4,20

others. In each study, trisomy 21 constituted

over 90% of the entire group.

Mean maternal age at the patient’s birth in this series is
similar to those reported else\r\.'lwrc,2‘3’2[J in all instances
being 3 to 5 years greater than the controls. Considered
in terms of karyotypes, mean maternal ages for the
trisomy 21 and mosaic groups are likewise greater than
in the controls, whereas for the translocations it is near or
below normal, data also in agreement with the reports
cited above.

This series of Down’s patients represents a highly selected
group, a fact that is apparent in the manner of ascertain-
ment. The excess of males (61.6%) is doubtless a
reflection of the altered sex ratio for all individuals in the
schools from whence they were drawn, as well as an
indication that female Down's patients, being more
tractable than males, or more likely to be kept at home.?!#

The age distribution in this series is likewise an indication
of the selective bias inherent in the sample. The range
is from 2 months to 22 years with a mean of 12.4 years.
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However, all but nine cases are over 8 years old; moreover
eight of those were located through hospital records.

It is evident, therefore, that selecting matched controls to
obtain maternal age expectations™ for our 86 trisomy 21
patients is out of the question. We elected to use Japanese
vital statistics for 1952-63 and employed the method
suggested by Tonomura et al® which takes into account
changing proportions of older and younger mothers in
the population during these years.

[Distribution of paternal age by maternal age is not available
prior to 1952 (Table 2). Patients born before or after this period
were included in 1952 and 1963, respectively, an unavoidable
defect in the analysis. The fact that 38 of the trisomics were
born before 1952 unduly weights the data towards the earlier
years, tending to cancel out any effect the changing proportions
of mothers' ages might have on the distribution: if mother's age
distribution is calculated by using over-all average for the period,
the relative incidence is virtually identical with that shown in
Table 3.]

Table 2 shows the maternal age distribution of the 86
trisomy 21 cases to be significantly different from expec-
tation, as is the mean maternal age of 33.3 years, 5.2 years
greater than the controls; the relative incidence increases
steeply with age beyond 35.

These data on maternal age are consistent with other
studies demonstrating that maternal age is an important
factor in 21-trisomy and probably also in mosaicism
when a majority of the cells are trisomic (the ‘class B’
mosaics of Matsunaga®). Although others have indicated
that the increased risk of Down’s syndrome to younger
mothers may be due to inherited translocations in the
parents,‘a"‘ﬁ‘zﬁ this is not true of at least two of our
patients whose parents were cytogenetically normal,
similar to several cases reported by others.”*' The
association of recurrent 21 trisomy and of de noveo
translocations with other parental chromosome aberrations,
parental mosaicism in the germ cells, and genetic predis-
position to nondisjunction have been cited as possible
additional factors in the hereditary transmission of
Down’s syndrome.*>**"  Fyrther surveys, including
family studies, are required to define these factors
more clearly.

Others have pointed out that when maternal age effect is
separated from that of paternal age, the latter apparently
is of no significance in Down’s syndrome,?:%225.29
with the exception of 21-22 translocation cases, where an
association with paternal age has been demonstrated.®
Similarly, for our 86 cases of trisomy, after excluding
maternal age using the method of Tonomura et al,*

paternal age distribution and relative incidence, shown
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TABLE 2 MATERNAL AGE DISTRIBUTION AND RELATIVE INCIDENCE FOR 86 DOWN'S CASES
(TRISOMY 21)

# 2 - Down fEIRBEEOH O B O EMBI ST & M OVIEE (21 REE LYY I —FHo )

Age Ohbserved Expected Relative Incidence
B WEE i FE Y 40 1
< 24 13 24.4 0.53
256-29 22 371 0.59
30-34 8 17.4 0.46
35-39 22 5.7 3.86
40-44 15 1.3 11.54
45+ 6 0.1 60.00
Total Bf....cooereseisiss 86
Mean T . - 33.3 27.1
SD fH#EmE 7.8 4.2

The deviation from expectation is highly significant: P <.001

MifHEenEFEFELHTHE: P<.00]

TABLE 3 PATERNAL AGE DISTRIBUTION AND RELATIVE INCIDENCE FOR 85 DOWN'S CASES,
EXCLUDING MATERNAL AGE EFFECT (TRISOMY 21)
#3 Down HEMRBMSH O LHOEWMB 54 & BROEBDE LB 2 & & O AYHE
(2l1FFBE LYY I —flos)

Age Observed Expected Relative Incidence
if: s B 1 5 18 Filxd i A
<24 2 4.0 0.50
25-29 18 18.6 0.97
30-34 19 16.3 117
35-39 10 13.3 0.75
4044 14 16.0 0.88
45-49 12 11.3 1.06
a0-54 8 4.5 1.78
5+ 2 1] 1.82
Total Rt~ 85
Mean F5) ... 37.2 32.6
SD  #HHEE ... 9.1 6.0

The deviation from expectation is not significant: P> .1

MiFHenFFIHBTL: P> 1

TABLE 4 DISTRIBUTION OF LIVE-BIRTH RANK AFTER EXCLUSION
OF MATERNAL AGE EFFECT

#d4 BEOFBOME LRV IR S A

Parity Observed Expected
4 N A e LUERA
1 20 17.7
2 21 15.8
3 15 13.4
4 g 10.6
5+ 23 28.2

The deviation from expectation is not significant: P> 20

WL DELHETEV: P> 2



in Table 3, do not differ significantly from the control
population.

[When the corresponding caleulation is performed for maternal
age distribution (maternal age 'corrected’ for paternal age) the
relative incidence shown in Table 3 is not substantially altered. ]

Though Sigler et al® were unable to demonstrate a
significant association between paternal age and Down’s
syndrome, they caution that further well controlled
studies are necessary to settle this point. The problems
of accurately assessing birth rank effect were recently
discussed by Tonomura et al®’ and their arguments
apply equally to our data.

An additional difficulty is that our patients come from
two widely separated areas varying significantly in a
number of their demographical characteristics, possibly
sufficient to cause additional bias in the data. Table 4
shows the distribution of live-birth rank for these 86
Down’s patients, using the method of Tonomura et al®
to correct for maternal age (but not corrected for year
of birth, see page 6). The difference hetween observation
and expectation is not statistically significant, whfcﬂ is
consistent with the prevailing view that birth rank is
irrelevant in the etiology of Down’s syndmme.w In our
opinion, however, while these data do not stand in
contradiction to this thesis, neither do they offer con-
vincing support, owing to some of the problems alluded
to above.

SUMMARY

In a cytogenetic survey of 92 patients with Down's syn-
drome from institutions for mentally retarded individuals
in Hiroshima and Nagasaki, Japan, 86 cases were found
to have trisomy 21, the chromosome abnormality most
often associated with this congenital anomaly. Two
patients, mosaics, had two distinet cell lines: approximately
50% of the cells contained a normal chromosome comple-
ment of 46; the remaining cells had 47 chromosomes with
21 trisomy. Three cases had modal chromosome numbers
of 46 with D/G translocations. One patient, with a modal
number of 46, had in addition to 21 trisomy, a D/D
translocation.

The distribution of parental age at birth of the patients
is similar to those reported for Down's syndrome patients
elsewhere in Japan as well as in Europe and the United
States. Mean maternal age was 5.2 years greater than
normal; mean paternal age, after correcting for maternal
age, was not significantly different from normal. Live-
birth rank distribution was not significantly different
from normal controls.
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TABLE & LIST OF CASES

%5 fEFOY AR

Case Apge at Patient's Birth Live Number .
Number Sex Birth Tl - Rukid ﬁ:nt}k] 91' b::‘urce
B &S 1 EES Paternal Maternal 1 4 ME fir m?;}%s& B

LR i3]
Trisomy 21 21 kU w3 —

1 F & MaysH 65 30 26 1/1 HT
2 F & NovilH 64 28 26 1/1 HT
3 F % May5H 64 30 27 3/3 HT
4 M% Qct 108 64 29 28 2/2 HC
5 F% Jan 1H 64 33 31 2/2 HP
6 M B Dec 12A 63 41 37 3/3 HU
T F % Qct 108 62 29 26 2/2 HU
8 M% Feb 2H 60 33 28 2/3 HO
9 M# Aug 87 57 27 26 2/5 HU
10 M%B Apr 4H 57 32 26 3/3 N1
11 F % Apr 4H 57 ? 38 17 HP
12 M% Jun 68 57 33 43 4/4 N1
13 F % Nov1lA 56 25 20 1/2 H4
14 M% Jan 1H 56 25 23 1/2 H1
15 M%B Sep 9H 56 30 26 2/2 N1
16 F % Feb 2H 56 32 30 3/3 N1
17 M % Nov1IH 56 46 38 6/6 N1
18 F % Dec 12H 56 45 39 4/4 H2
19 M%B May 50 56 45 41 747 N2
20 M% Mar 38 55 27 21 1/2 N1
21 F % May 5F 55 28 23 1/3 N3
22 M % Dec 12H 55 24 26 1/2 N2
23 M% Jan 18 55 30 24 1/1 H1
24 M % May 57 55 34 28 45 N1
25 F% Ju 7H 55 61 35 3/3 H3
26 M®B Jul TH 55 42 36 3/3 HI1
27 F & Apr ¢H 55 41 38 6/6 HO
28 M®B May 5H 55 50 38 84 N1
29 F % Apr 4H 55 43 49 5/5 N1
30 F % Nov 1A 54 24 22 2/3 N3
31 Fod Jul TH 54 28 23 1/2 Ha
32 M% Jun 68 59 36 36 3/3 N2
33 F & Aug 80 54 25 T 2/3 H5
34 M B Dec 12H 54 16 43 2/2 N1
35 F % Apr 48 54 47 45 8/8 Hz
36 MPB Apr 473 53 27 26 4/5 H1
37 M®B May 58 53 32 28 3/4 H4
34 M % Nov 1H 53 36 33 5/5 HI1
34 M% May 58 53 45 46 6/6 NI
40 F % Apr 4 A 52 26 25 2/3 H3
41 F & Jul 7H 52 36 29 2/4 N2
42 F 4 Apr 48 52 31 33 3/4 H5
43 M%B Jun 68 52 43 33 5/5 H3
44 M®B May 5H 52 52 349 2/3 N1
45 M%B Jun 6F 52 42 42 2/2 H1
46 MB Oct 10 52 46 44 88 N3
47 M% Jun 688 52 57 45 5/5 HU
48 M3 May 50 51 30 24 22 Hi1
49 F % Jun 6H 51 32 25 1/3 N3
50 M % Jun 6H 51 35 29 3/4 N3
51 M% Jun 6H 51 50 35 /1 N1
52 M % Mar 3H 51 51 39 5/5 H5




Case

Age at Patient’s Birth

Number Sex Birth HERE DB O E
G & 5 i HEFH Paternal Maternal
WHE fiid )
Trisomy 21 21 h U ¥ 3 =
53 M % Oct 10H 5 52 43
54 M % Mar 3 &l 50 48
55 M % MaysH 50 6 24
56 M % Aug 8H 50 28 27
57 M B Apr 4H 49 25 21
58 F % Feb 2H 49 37 28
59 M % Sep 9H 49 32 33
60 M % Oct 10H 49 38 35
61 F % Aug 80 49 39 38
62 F & Ju 78 49 40 38
63 M % Aug BA 49 46 40
64 F & Aug 8H 49 45 41
65 F % Aug 8H 49 47 41
66 M %P Aug 8A 48 31 29
67 M B Dec 12H 48 34 34
68 F % QOct 108 48 40 35
69 M % Oct 10F 48 41 35
70 M B Aug 8H 48 41 37
71 M % Dec 12H 48 ~ 50 39
72 F % May 50 48 44 43
73 F % Oct 10H 47 25 20
74 M % Oct 10H 47 26 20
75 M5B Ju TR 47 45 34
76 M % Jun 6H 47 40 37
i F % Apr 4H 47 43 10
78 M % Oct 10 46 24 22
74 M % Jan 1H 46 39 41
80 M F Oct 108 46 43 43
81 F % Jan 1H 46 54 46
82 M #H Aug BH 45 53 41
83 M % Ju 78 45 49 42
84 F & Ju 78 44 37 38

Sibs with Trisomy FU Vv i-OEHLh3ER

85 M ® Aug 87 53
#6 F & Aug 8H 50

31 27
28 24

Trisomy with D/D Transloeation D /D#&EEHI UV I —

87 F & Jul 7H 50

NG Translocation D G E

88 M % Jun 6H 61
39 F % Dec 12H 52
90 F #& Jan 1H 50

Mosaies EH 1 7 HR

91 F % Oct 10H 54
92 M % Jan 1H 54

23 21
30 24
30 27
27 21
33 26
40 38

Live | Number

Birth of Source
Rank Sibs i
i A M [i] A ¥
5/5 N1
3/3 N2
2/3 N3
2/2 N3
1/3 H4
1/2 N1
1/2 N2
1/1 Hi
6/7 N1
5/8 H1
1/1 H2
6/6 H1
5/6 N3
4/4 Hi
2/4 H3
3/3 H2
111 H4
6/6 H1
T/7 N3
10410 H3
1/2 H1
2/3 H3
5/5 H1
77 H4
2/2 H1
1/4 H4
4/4 N1
3/3 H3
4/4 H6
2/2 H1
7 H6
3/3 Hé
3/4 H2
2/4 Hz2
1/3 H1
12 N3
2/3 N1
1/4 H3
3/3 N3
5/7 H1
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Chromosome preparations were from short-term peripheral
blood cell cultures, with the exception of Case 4 which
was from bone marrow.

Consanguinity The parents of Cases 5, 17 and 19 are
first cousins; those of Cases 20, 38, 60 and 92 are
second cousins.

Atomic Bomb Exposure of Parents The father of Case 5,
the mothers of Cases 17, 28, 77, 81, 87 and 92, and
both parents of Cases 19, 41 and 53 were either in
Hiroshima or Nagasaki at the time of the 1945 atomic
bombs. The estimated air dose for these parents, with
three exceptions, are all less than 1 rad. The dose
estimate for the mother of Case 19 is 8 rad; for the
mother of Case 77, 16 rad; for the mother of Case 81,
54 rad. The latter was 3 months pregnant at the time
of the bomb.

IQ Data The average 1Q for 74 cases was 31, ranging
from 11 to 52. Values were not available for Cases 1-9,
11, 27, 47 and 54; Cases 13, 31, 64, 69 and 87 were
simply classified as ‘idiots’ by the referring institution.

Source column abbreviations are explained below:

H Hiroshima Prefecture
N Nagasaki Prefecture

H1 Roppo School for Mentally Deficient Children,
Hiroshima City

Hanazono School. Kure City

Sakura School, Shobara City

Roppo School, Fukuyama City

Zeno School, Fukuyama City

HZ2
H3
H4
H5
H6 Miyajima School, Ono Town
HC
HO
HP

Hiroshima Citizens Hospital, Hiroshima City
Railway Hospital, Hiroshima City
Hiroshima Prefectural Hospital, Hiroshima City

HT Toyo Kogyo Hospital, Fuchu Town

HU Hiroshima University Medical School Hospital,
Hiroshima City

N1 Hikarigaoka School for Mentally Deficient Children,
Nagasaki City

N2 Urakami School, Nagasaki City

N3 Minori School, Nagasaki City
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