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SUMMARY

This paper describes the results of a cytogenetic
study on 8,322 children born to atomic bomb sur-
vivors (4,716 in Hiroshima and 3,606 in Nagasaki)
and 7,976 controls (5,112 in Hiroshima and 2,864
in Nagasaki). Because no child was examined
before age 12, the data may not be considered valid
for the occurrence of chromosomal abnormalities
that impose a high risk of early death. Thus, we
will restrict our comparison to the sex-chromosome
aneuploids and autosomal structural rearrangements
of the balanced type, although other abnormalities
encountered in this survey will be enumerated.

Among the children bomn to exposed parents, 19
individuals (0.23%) exhibited sex chromosome ab-
normalities and 23 (0.28%) exhibited autosomal
structural rearrangements, whereas among children
born to unexposed parents, 24 (0.30%) and 27
(0.34%), respectively, were observed to exhibit
these abnormalities. Only one child with a karyo-
type of 47,XY,+21 was found in the Hiroshima
exposed group. Thus, there was no statistically
significant difference in the overall frequencies of
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cytogenetically abnormal cases between the ex-
posed (0.52%) and control (0.64%) populations.
In Hiroshima, frequencies of chromosome abnor-
malities were similar between exposed and control
groups (0.64% vs 0.65%). However, the value
observed in the exposed group in Nagasaki was
slightly lower (0.36%)—though not statistically
significant—than the value observed in the control
group (0.63%). This value of the Nagasaki control
group was similar to that in Hiroshima.

Family studies on probands with chromosome ab-
normalities revealed that the majority of cases
(about 90%) with autosomal structural rearrange-
ments of the balanced type were inherited from one
or the other parent. The mutation rates for these
rearrangements were similar between the exposed
and control groups, being 0.98 x 10~ per gamete
per generation.

INTRODUCTION

A cytogenetic study of the children bomn to A-bomb
survivors in Hiroshima and Nagasaki and children
born to nonexposed parents was initiated in 1967.%>?
The study was expanded in 1976, as a part of the
Genetic Platform Research Program at RERF, and
was continued until 1985 in conjunction with an
ongoing mortality study and a biochemical genetics
survey on the Fy progeny.? The main objective of
our study was to evaluate the radiation sensitivity
of human germ cell chromosomes by measuring
the frequency of certain chromosomal changes in
structure or number induced by radiation in the germ
cells of exposed parents and transmitted to their

progeny.

For practical reasons it is RERF policy not to at-
tempt to obtain blood samples from children below
the age of 12. In consequence, the data collected
should not be valid for chromosome abnormalities
such as autosomal aneuploids or unbalanced chro-
mosomal rearrangements. It is known that most,
but not all, situations where autosomal trisomics
as well as unbalanced autosomal rearrangements
are associated with physical malformations, are
incompatible with life. Since the mean age of
our study subjects was 24 years at examination,
it is unlikely that most liveborn infants with these
abnormalities do not survive for two or three
decades, or by the time of the examination, even
if they survived to term. On the other hand, there
should be relatively little selection prior to age 12
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against children with sex-chromosome aneuploids
or balanced rearrangements, both of which are
lesions known to be produced by ionizing radiation
in experimental animals.

This paper describes the results of chromosome
analysis of peripheral blood leukocytes from 8,322
children born to A-bomb survivors in Hiroshima
and Nagasaki and 7,976 children born to parents
who had been exposed to less than 1 rad (distally
exposed) or were not in the cities (NIC) at the
time of the bomb (ATB), based on the old A-bomb
radiation dosimetry system, called T65D.*

A new system of A-bomb radiation dose estimates,
designated DS86,° is now available for the majority
of survivors in the RERF study cohort. However,
calculations of the individual gonadal doses are not
fully available at this time for the exposed parents
in the F; study population. For this reason, no
attempt has been made to analyze the present data
in terms of parental radiation doses. Further dose-
related data analysis is now in progress and will be
published in the future.

MATERIALS AND METHODS

Study samples

The sample subjects of the present survey were
selected primarily from the RERF F; mortality
study cohort.® This cohort included children born
between 1 May 1946 and 31 December 1958 to
parents, one or both of whom were residents of
Hiroshima and Nagasaki ATB. The sample was
later expanded to include children who were born
after 1959 through the end of 1972. The extended
samples were about 10% of the total.

In this analysis, the exposed group consisted of
children born to parents, one or both of whom had
been located within 2,000 m of the hypocenter and
who have been assigned T65DR dose estimates of
more than 1 rad. The control group consisted of
children born to parents i) one or both of whom
were exposed distally (2,500 m or more from the
hypocenter), having estimated doses of less than 1
rad, or ii) were NIC ATB.

About 40% of the total individuals in the original
sample were not included in this study, because they
had died (5%) or migrated outside the contact areas
of both cities (35%). Of the remaining individuals,
approximately 75% agreed to participate in this
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study. Thus, the participation rate for this survey
was 45% of the total original sample.

After obtaining consent from the F; participants
and, if necessary, their parents, they were invited to
visit the RERF clinic. At that time, a clinic nurse
administered a brief medical questionnaire, and a
blood sample was drawn. If requested, a physical
examination was performed.

As shown in Table 1, the total number of children
examined was 16,298 in the two cities; 9,828
in Hiroshima (4,716 exposed and 5,112 controls),
and 6,470 in Nagasaki (3,606 exposed and 2,864
controls). The number of females predominated
over males in both cities as well as in both the
exposed and control groups. The exposed group
was further divided into three categories by parental
exposure status, i.e., children born to parents in
which only the father was exposed, only the mother
was exposed, or both parents were exposed. The
number of children per parental couple was 1.4
children per couple (or 8,322 in 5,823) in the
exposed, and 1.2 per couple (or 7,976 in 6,473) in
the controls, when the two cities were combined.

The mean age of the participants at examination was
24 in Hiroshima, and 23 in Nagasaki with a range
between 12 and 38.

Cytogenetic methods

Heparinized blood specimens, 1 to 2 ml per person,
collected from each participant, were cultured for
two days, and then harvested for chromosome
preparations using the conventional Giemsa staining
methods, the details of which have been described
elsewhere.”

In each case, 10 well-spread metaphases were exam-
ined directly under the microscope, and 3 of them
were photographed for detailed karyotype analysis.
Cases with less than 10 scorable metaphases were
regarded as culture failure. The rate of failure was
about 0.1% of the total blood sample in the two
citics. When an abnormality was suspected, 100 or
more cells were examined.

In addition to the conventional stain, analyses on
G-, Q-, and C- banded preparations®— 10 were
supplementarily made to cases suspected of having
abnormality. When family studies were performed
on probands with structural rearrangements, high
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TABLE 1 NUMBER AND FREQUENCY (PER 1,000) OF CHILDREN WITII CHROMOSOME ABNORMALITIES
BORN TO A-BOMB SURVIVORS AND THEIR CONTROLS, HIROSHIMA AND NAGASAKI
%1 [EM- BRWOBEBMBRERUHREOFHRICE I JREHRRNE
HT AEOHMUHEE (1,0004572:0)

Hiroshima
Exposed
Control
Father Mother Both Total
No. of Males 638 1,348 274 2,260 2,477
cases: Females 636 1,490 330 2,456 2,635
Total 1,274 2,838 604 4,716 5112
No. of parental couples 968 2,018 467 3,453 4,242
Mean dose  Father 115.8 0 88.1 42.6 0
(rad, T65D) Mother 0 91.3 61.3 62.8B 0
Abnormalities:
A. Sex chromosomes
Males** 1. XYY — - - - 5{2.02)
2. XXY 11{1.57) 4(2.97) 11(3.65) 6 {2.65) 4(1.61)
3. Mosaic 1{1.57) - - 1{0.44) -
4. Other - - — - 2(0.81)
T 2(3.13) 4(2.97) 1(3.65) 7 (3.10) 11 (4.44)
Females** 5. X - - - - -
6. XXX 21(3.14) 1(0.67) 1(3.03) 4(1.63) 3(1.14)
7. Mosaic - - 11(3.03) 1(0.41) 3(1.14)
8, Other — = o - -
T 2 (3.14) 1(0.67) 2(6.06) 5{2.04) 6 (2.28)
Subtotal 4 (3.14) 5(1.76) 31{4.97) | 12 (2.54) 17 (3.33)
B. Rearrangements
Balanced: 1. rob(D/D]|| 2 (1.57) 3(1.06) - 5 (1.06) 41(0.78)
2. rob(D/G)|| — 1(0.35) - 1(0.21) -
3. rep 3(2.35) 2(0.70) 2(3.31) 7 (1.48) 611.17)
4, inv - 1(0.35) -— 1(0.21) 611.17)
Subtotal 5 (3.92) 7(2.47) 2(3.31) 14 (2.97) 16 (3.13)
Unbalanced:
5. rob - — = == -
6. rcp - - - - -
7. del — — = - -
8. Supern. 1(0.78) — - 1(0.21) -
9. Other 1(0.78) 1(0.35) - 2(0.42) =
Subtotal 2 (1.57) 1(0.35) O 3 (0.64) 0
1. +21 1(0.78) — - 11(0.21) -
2. Other - - - - -
Subtotal 1(0.78) o 0 1100.21) o
Grand total 12 (9.42) 13 (4.58) 5(8.28) 30 (6.36) 33 ({6.45)
*Cited from Hook and Hamerton.22 Hook and Hamerton®™ K N43lHI. (Continued # <)

**The rates for the sex chromosome abnormalities apply only to the affected sex, not the total studied.
PRtk O RAH IR G BRI TAEOTE S, FORBARHLANL VEMIIC BT S RGTH 5.
rob: Robertsonian translocation w<—} > #gzE  rep: Reciprocal translocation Hi Ak Me inv: Inversion i {r
del: Deletion &%
Supern: Supernumerary with minute marker (Details of individual abnormalities are given in Appendix Table 1.)
Bohv—h— o kS E R A (e ORI OVTIRT R TIRE)
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TABLE 1 Continued # 1 #i#

Nagasaki
Exposed
Control
Father Mother Both Total
No. of Males 543 912 199 1,654 1,205
cases: Females 623 1,123 206 1,952 1,659
Total 1,166 2,035 405 3,606 2,864
No. of parental couples 802 1,305 263 2,370 2,231
Mean dose  Father 131.3 0 124.6 56.4 0
(rad, T65D} Mother 0 117.7 83.7 75.8 0
Abnormalities:
A. Sex chromosomes
Males** 1. XYY 2 (3.68) 1(1.100 -— 3(1.81) =
2. XXY — 1(1.100 - 1(0.60) 5 (4.15)
3. Mosaic - e - - -
4, Other - 1(1.10) - 11{0.60) -
T 2{3.68) 3(3.29) 0 51{3.02) 5 (4.15)
Females** 5. X - - - - -
6. XXX 1(1.61) - - 1(0.51) 1(0.60)
7. Mosaic - 1(0.89) - 1(0.51) —
8. Other = - - - 11{0.60)
T 1(1.61) 1(0.89) 0 2 (1.02) 2{1.21)
Subtotal 3 (2.57) 4(1.97) 0 7 (1.94) 7 (2.44)
B. Rearrangements
Balanced: 1. rob(D/D) 2(1.72) - - 2 (0.55) 2 (0.70)
2. rob(D/G) 1 (0.86) - 1(2.47) 2 (0.55) -
3. rep - - - - 7 (2.44)
4, inv - - - - —
Subtotal 3({2.57) 0 1(2.47) 4(1.11) 9 (3.14)
Unbalanced:
5. rob - - - - -
6. rep - - - — -
7. del - - - — -
8. Supern. 1 (0.86) - - 1(0.28) -
9. Other - 1(0.49) - 1(0.28) 2 (0.70)
Subtotal 1 (0.86) 1(0.49) 0O 2 (0.55) 2 (0.70)
1. +21 - - - - -
2. Other - - - &
Subtotal [*} [*] [} o 0
Grand total 7 (6.00) 5(2.46) 11(2.47) 13 (3.61) 18 (6.28)

(Continued # <)
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Two cities combined

Newborn
it Control infants*
Father Mother Both Total
No. of Males 1,181 2,260 473 3,914 3,682 37,779
cases: Females 1,259 2,613 536 4,408 4,294 19,173
Total 2,440 4,873 1,009 8,322 7,976 56,952
No. of parental couples 1,770 3,323 730 5,823 6,473 e
Mean dose  Father 123.0 0 102.7 48.6 0 -
(rad, TE5D) Mother 0 102.3 70.3 68.4 0 -
Abnormalities:
A. Sex chromosomes
Males** 1. XYY 2 (1.69) 1(0.44) — 3(0.77) 5(1.36)| 35(0.93)
2. XXY 1(0.85) 5(2.21) 1(2.11) 7 (1.79) 9(2.44)| 35(0.93)
3. Mosaic 1(0.85) = - 1(0.26) - 14 (0.37)
4, Other — 1(0.44) - 1 (0.26) 2(0.54}| 14 (0.37)
T 4 (3.39) 71{3.10) 1(2.11) | 12(3.07) | 16 (4.35)|| 98 (2.59)
Females** 5.X - - - - - 2{(0.10)
6. XXX 3(2.38) 1(0.38) 11(1.87) 5(1.13) 4(0.93)| 20(1.04)
7. Mosaic — 1(0.38) 1(1.87} 2 (0.45) 3(0.70) 7 10.37)
8. Other = - - - 110.23) -
T 31(2.38) 2{0.77) 2(3.73) 7 (1.59) 8(1.86}| 29{1.51)
Subtotal 7 (2.87) 9(1.85) 31{2.97) | 19{2.28) | 24(3.01)|| 127 {2.23)
B. Rearrangements
Balanced: 1. rob{D/D}|! 4 {1.64) 3(062) -— 7 10.84) 6 (0.75)| 40 (0.70)
2, rob{D/G}|| 11{0.41) 1(0.21)  11(0.99) 3 (0.36) - 11 (0.19}
3. rep 3(1.23) 2(0.41) 21(1.98) 7 (0.84) | 13(1.63)| 51 (0.90)
4, inv - 1(0.21) - 1(0.12) | 6 (0.75) 8 (0.14)
Subtotal 8 (3.28) 7 (1.44) 3(2.97) | 18(2.16) | 25(3.13) ]} 110 (1.93)
Unbalanced:
5. rob - - - - - 4 (0.07)
6. rcp - - - - - 7 (0.12)
7. del - - - - - 5 (0.09)
8. Supern, 2(0.82) — - 2 (0.24) - 10 (0.18)
9, Other 11(0.41) 2(0.41) -~ 3(0.36) 2 (0.25) 8 (0.14)
Subtotal 3 (1.23) 2(0.41) 0 5 (0.60) 2(0.25) || 34 (0.60)
1.+21 1(0.41) - - 1(0.12) - 71 (1.25)
2. Other - - - - 11(0.19)
Subtotal 1(0.41) o} 0 11(0.12) 0 82 (1.44)
Grand total 19 (7.79) 18 (3.69) 6 (5.95) | 43 (5.17) | 511{6.39) || 353 {6.20)
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resolution banding techniques!-'? were also em-

ployed for the precise identification of break points
of the chromosomes involved in the aberrations.
Description of the type of chromosome abnormali-
ties followed the standardized International System
for Human Cytogenetic Nomenclature (ISCN).}3

In the present study, a number of heteromorphic
variants have been detected with the conventional
staining method, and most of these cases were
reanalyzed by the application of C-, Q- and other
banding techniques. Since cytogenetic character-

istics of heteromorphic variants have been reported

elsewhere, 416 these variants will not be described
in this report.

RESULTS

The results of the cytogenetic observations are
shown in Table 1, and every abnormal case is fully
described in Appendix Table 1.

Chromosome abnormalities were classified into the
following four groups: i) sex chromosome ab-
normalities, ii) balanced autosomal structural re-
arrangements, iii) unbalanced autosomal structural
rearrangements, and iv) autosomal trisomics. As
noted above, the latter two classes were thought to
be of little research importance under the circum-
stances of this study.

Sex chromosome abnormalities

As shown in Table 1, items A1-8, 43 cases exhib-
ited sex chromosome anomalies—19 out of 8,322
in the exposed group (2.28 per 1,000) and 24 out of
7,976 in the controls (3.01 per 1,000). No increased
frequency of sex chromosome abnormalities, ascrib-
able to parental radiation exposure, was observed.

The majority of the abnormalities were due 1o sex-
chromosome aneuploidy, mostly XYY and XXY in
males and XXX in females, which constituted 75%
of the total sex anomaly cases. Except for mosaic
situations, no female with 45,X was detected in any
of the groups studied.

When the data from the two cities were combined,
no significant differences were noted between the
frequencies of sex chromosome abnormalities in the
exposed group when compared to the controls.

Furthermore, no statistically significant difference
was noted in the mean maternal age at birth of
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XXY and XXX children between the exposed and
control groups: for XXY, 28.3 +4.1 years old in
the exposed and 28.9 + 5.8 years old in the control,
and for XXX, 27.54 6.2 years old in the exposed
and 27.2 4 4.2 years old in the control.

The frequency of mosaic cases was higher in
females (two in 4,408 exposed and three in 4,294
controls) than in males (one in 3,914 exposed and
none in 3,682 controls). Among the mosaics, a
woman in the Hiroshima control showed a mosaic
of 45,X/46,X,r(X). A family study revealed that the
abnormality was the result of a de novo mutant,
since both parents showed the normal karyotype.

Three cases were noted with structural rearrange-
ments involving sex chromosomes, all of which be-
longed to the control group: two unrelated males—
each with a pericentric inversion of the Y chromo-
some in Hiroshima—and a female with a distally
deleted long arm of one of the X chromosomes in
Nagasaki. ’

One unusual observation was made in the Nagasaki
series. A male child, born to an exposed mother,
was found to have 46 chromosomes with two X
chromosomes. Molecular basis for the etiology
of the XX males has recently been investigated
extensively, and it is interpreted that XX males
carry certain Y-specific DNA sequences, or the
testis-determining factor, produced most likely by
an interchange of a portion of the Y chromosome
with a portion of the paternal X chromosome.!?:!3
It is yet known whether the altered function of an X
chromosome in this particular child was related to
maternal exposure to A-bomb radiation, although it
may be unlikely as suggested above.

Balanced autosomal structural rearrangements
The majority of structural rearrangements involving
autosomes were translocations of the Robertsonian
or reciprocal types and pericentric inversions. They
would, therefore, result in no loss or gain of
chromosome material, and they would be geneti-
cally balanced without any phenotypic effect. The
present study sample consisted of seven families
(three exposed and one control from Hiroshima,
and one exposed and two controls from Nagasaki)
in which two or more siblings in a family showed
identical karyotypic abnormalities.

Among these cases 10 children (7 D/D and 3 D/G)
from eight exposed families exhibited Robertsonian
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translocations, and six children (all D/D) from three
control families showed similar rearrangements. In
addition, seven children from five exposed families
and 13 children from 12 control families exhibited
reciprocal translocations. Only one child among the
exposed families, and six children from five control
families had inversions.

Table 1, items B1-4, shows that a high incidence
of pericentric inversion was observed among the
Hiroshima controls (Table 1, item B4), and in
Nagasaki a high rate of reciprocal translocations was
observed in the controls, while no such cases were
found in the exposed group (Table 1, item B3).

As shown in Appendix Table 1, chromosomes No. 5
and No.8 were found to be involved more fre-
quently than the others in the formation of reciprocal
translocations.  Furthermore, chromosome No.?2
was frequently involved in pericentric inversions in
the Hiroshima sample.

Pooled data on the frequencies of balanced struc-
tural rearrangements indicated that, although there
is no significant difference in the frequencies of
children with stable autosomal rearrangements, a
relatively low frequency of rearrangements was
observed in the exposed group in Nagasaki (see
subtotal in Table 1, item B). The data were further
compared with the frequencies of the same types
of abnormality derived from cytogenetic surveys on
59,542 consecutive newborn infants.!® The results
obtained in this study of both exposed and control
groups were approximately 50% higher than those
reported for neonatal surveys.

Family studies of abnormal cases were undertaken
to determine whether the observed structural rear-
rangements arose de novo or were inherited from
one or the other parent. Family studies in all cases
were not possible because of the death of parents
or because parents did not wish to cooperate in this
study. When two or more siblings from a family
were found to carry an identical rearrangement,
their abnormalities were judged to be inherited even
though a family study may not have been done.

Ample evidence indicates that the majority of cases
with rearrangements were preexisting. Only two
de novo mutants were identified; both mutants (one
in the exposed and one in the control group) were
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from the Hiroshima group. Thus far, none have D) TChol, 2ETHOEZS, RO RE»S
been detected in the Nagasaki sample. E1flbBlsh Ty i,

The chromosomal mutation rate can be estimated THROXNEHOT, ROGEAERFEHET S
using the following formula: LATE S,

No. of de novo cases

No. of de novo cases observed + il ﬂuﬂf = x No. of rearrangements of unconfirmed origin
i AR A 4 A de DOV cases + 1nleTlled. cases 2 {5 A HE 8 0 1 150 1] 171
PR 22 PR 2 SR B g #1451 2 U {2 1 2 e I A T f

Mutation rate =

Erg A R Total number of individuals examined
FIRUE R
For the gametic mutation rate, the value derived B o R R, LACHNAMaEIL2T

from the a'bove formula is fuxt.her divif{ed by 2.19 H5 e .Y E 2 Tt ke, B
As shown in Table 2, the gametic mutation rates for o A
balanced structural rearrangements were estimated AC 51 o AL A% - 52 44 20 B T IR T T 1L 0,98 1074,

as 0.98 x 10_4 in the exposed and 0.98 x ].0_4 SHAEETIE 0.98 X107 FHEE &N, IR #ETN
in the controls, indicating no statistical difference

between the two groups. However, these values hEALVWZENTERE. LAL, 2h 5O,
were much lower than the value of 1.88 x 104 BRI TR SR TS LU 1 B
er gamete per generation on the liveborn infant

1s:,ulr'\.'fy19 per e 1 1 l DO 1.88X107% £ 0 Hhinikh iz,

TABLE 2 PARENTAL ORIGIN OF BALANCED STRUCTURAL REARRANGEMENTS*
# 2 MpfigRUREE FACH Y OB Otk

Hiroshima Nagasaki Hiroshima + Nagasaki  Neonates**
Exposed  Control Exposed  Control Exposed Control
No. of individuals 4,716 5112 3,606 2,864 8,322 7,976 59,452
de novo 1 1 0 0 1 1 18
Inherited 8 8 2 7 10 15 73
Father (2) @ (2) @ ) ) (37
Mother (V] 1 (@ (¢)) 0 2) (36)
Undetermined (6) 3 (0) (2) (6) (5) ©
Subtotal 9 9 2 7 11 16 91
Not studied 5 7 2 2 7 9 22
Grand total 14 16 4 9 18 25 113
Gametric mutation
rate (x 10™%) 1.65 1.74 - - 0.98 0.98 1.88

*Including reciprocal and Robertsonian translocations plus pericentric inversions.
B RREE, 8= b o RUSRHE, SRS (A& & ©.
**Cited from Jacobs.!®
Jacobs™ & 9 5IH.
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Unbalanced autosomal structural rearrange-
ments

Unbalanced autosomal structural rearrangements
were noted in seven cases: five among the exposed
and two among the controls. All of them were
characterized by the presence of an extra small
metacentric element (or elements), termed “mar,”
according to ISCN.!? The element (or elements)
was present either as a “supernumerary” piece of
chromosomal material in addition to the normal
chromosome complement in all cells,?’ or was in
the form of a mosaic (Table 1, items B5-9, also
Appendix Table 1). Five of the cases were mosaics
(three exposed and two controls).

In one male observed among the Nagasaki controls,
three extra minute elements, each of which differed
in size and shape, existed as cell lines with different
combinations of markers.?! Family studies revealed
that most of these marker cases were found to arise
as de novo mutants (Appendix Table 1).

Autosomal trisomics

Only one male Down’s syndrome case (47,XY,+21)
was born in 1966 to an exposed father in Hiroshima.
This child’s age at cytogenetic examination was 15.
No other trisomic cases, such as D- and E-trisomy,
have been observed in the F; population.

The overall frequency of cases with abnormalities
by parental exposure and by city is shown at the
bottom of Table 1. It can be seen that, for sex
chromosome abnormalities and structural rearrange-
ments, the frequencies are consistently higher in
the controls than in the exposed, and also higher
in Hiroshima than in Nagasaki. Yet none of these
differences is statistically significant.

The data from the two cities were combined,
regardless of parental radiation exposure, and each
of the frequencies was compared with that of the
corresponding abnormalities in the cytogenetic sur-
veys on 56,952 consecutive liveborn infants.?? Here
again, the frequencies of both sex abnormalities and
rearrangements were found to be somewhat higher
in the children included in this study as compared
to the neonates.

DISCUSSION

As mentioned previously, the main objective of this
study was to demonstrate whether any measurable
increase in the frequency of children with chro-
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mosome abnormalities might be associated with A-
bomb radiation exposure of parental germ cell chro-
mosomes. Thus, this study was conducted to com-
pare the frequency of births to A-bomb survivors
of children exhibiting chromosome abnormalities—
especially structural rearrangements—against the
frequency of such births to nonexposed parents.

Our results show no statistically significant in-
creases in the frequency of chromosome abnor-
malities, especially sex-chromosome aneuploids and
structural rearrangements of the balanced type,
among children of the exposed. This does not
imply that genetic effects ascribable to parental
A-bomb exposure have not occurred. It simply
indicates that such effects have not been detectable
by current cytogenetic methods or that the total

number of cases in the present study is too small
to be observed. The reason for the absence of

cytogenetic effects of A-bomb radiation among the
children of survivors remains unresolved. One
possible interpretation is that germ cells with chro-
mosome damage could have been eliminated either
in the course of gametogenesis or in the very early
period of gestation as “unrecognized” spontaneous
abortions, or in early postnatal life.

Extensive cylogenetic surveys on consecutive live-
bom infants, undertaken as international collabora-
tive studies in several European and North Ameri-
can countries, have provided very useful and rele-
vant information on the natural incidence of various
types of constitutional chromosome abnormalities in
the human population,?3~29 (also refer to Hook and
Hamerton?? for a review).

Cytogenetic data based on the above-mentioned
surveys were compared with our findings (Tables 1
and 2). It is apparent that the frequencies of both sex
chromosome abnormalities and balanced autosomal
structural rearrangements were slightly higher in our
study than in the neonatal surveys. The situation
was reversed when we compared unbalanced rear-
rangements and autosomal trisomics. Here again,
we must emphasize that the mean age of our study
subjects was 24 years at examination, which was
markedly different from the neonatal surveys. It
is conceivable that the majority of infants with the
abnormalities in question did not survive for 20 to
30 years, and thus did not reach the mean age of
our study.

13

RERF TR 21-88

AL A R g (1 BE T R B O R O
LB HEATAEWNSPIZTEIETH 1.
La#-T, @iy, FIOMERRH, 28515
fEfFEHEIZ2WT, #REOFI LIEBREOFH)
DItk E e L THRPE 1T .

A OFERTIE, HEBEOFOIET Sk,
TR G A SR TR R O 2 1 Y O R ARG O MRS
IZBIL T, HHmMICEREZMMIAD shido iz,
ZAUE, O I A AR R R T R Y B RN 4
WHRP Lo EEEWS 2hITTEL . R
Mo o MR e 28 AR O Mgl R kT
M AafeTh B h, i, BEAIEMTE20001E
FHEOBERRA DT EIL VI L EZHIZRT
LOTHS, BRI HT 3B E O+ 5 B
B AR OM Fa MR 4 09 5 2730 5 h 4 WITOREANE
* 2w —DOO R RS LT, RE
B2 6 DR MM A, BTk o 7,
TEIEORS THHOBRBIZFWTEAR 0B K
W, &L HER S CEMIZK (FEC) shk
BENEZLR S,

o,

g b A o T O JE il A MR T A
-y SRtk g & E T E R E AT
ELTiITbhTeY, v rEHICET 3L 22K
MRaFEREOEAEELIIML TR TERE
fif i & 4R L C v 35 (#3122 0 T Hd Hook and
Hamerton® % B0 = k).

LR EOMBEEEN F—y L RAOME L &
R LA(RLEUC2)., HBEREBE LEYHRE
e RS ERN OBEIZ, WERBEERELY
FHEABEEROHT b T Cm b L A A
FleBuaiR b)Y 3 — Rl L G, HOEREE
AL FPESEEO BRI E M L2468 T
HY, FERAEOBAFLETAICHREZ LV G
CITHWTSUENSS, bYV Il LIHT S
RWEETIHROE {H, 20~30FLEXHT S
THEMEE L (, RO L 2L EXKWEOTFHER
LETELAVWER LA S,



RERF TR 21-88

A question arises as to whether the F; cohort
in this study truly reflected the entire population
of offspring of A-bomb survivors. As mentioned
earlier, we were able to obtain a high cooperation
rate among the children of survivors, about 75% of
them being in the “contact areas” of Hiroshima and
Nagasaki. Nevertheless, since the final participation
rate in this study was only 45% of the original
sample, there was good reason to believe that some
of the individuals with chromosome abnormalities
could not participate in this survey due either to
early death or to being institutionalized. Further-
more, because the cytogenetic survey was not begun
until more than two decades after the A-bomb
explosion and because of the age limitation for
blood drawing (allowed at the age of 12 years or
older), the data may not be considered valid for
the occurrence of chromosome abnormalities asso-
ciated with impaired phenotypes, such as autoso-
mal trisomics and unbalanced autosomal structural
rearrangements, which impose a high risk of early
death. There should, however, be little or no selec-
tion against individuals with autosomal structural
rearrangements of the balanced type. Thus, the
mutation rate estimated for this type of abnormality
is relevant for evaluating the genetic effects of A-
bomb radiation.

Recently, attempts have been made to reevalu-
ate cytogenetic surveys of neonates using band-
ing techniques to obtain more precise informa-
tion on the frequency of abnormalities associated
with structural chromosomal changes in the general
human population.3?~33 The results obtained in
such studies are discordant. Some studies indi-
cated an increase in the frequency of reciprocal
translocations,3! and inversions,31:3% or an increase
in the Q-band variants.3? In contrast, the frequency
of all types of chromosome abnormalities detected
when G-banding techniques were used has been
found to be similar to that observed previously when
conventional staining preparations were used.?* In
our experience, there seemed to be no difference
in the detectability of structural rearrangements
between conventional stain and G- and Q-banding
methods, although the latter were found to be more
efficient in detecting heteromorphic variants than
the conventional method.

Maeda et al®* have reported the results of a cytoge-
netic survey on 2,626 consecutive liveborn infants
in Japanese. They found 8 cases with sex chromo-
some abnormalities (0.30%) and 10 autosomal ab-
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normalities, including 5 with Robertsonian translo-
cation of the balanced type (0.19%), 1 with 13-
trisomy associated with rob translocation (0.04%), 1
with a supernumerary marker (0.04%), and 3 with
21-trisomy (0.11%). Although the sample size of
their survey was rather small, the results agreed to
a certain extent with our findings with respect to the
frequency of sex chromosome abnormalities and the
types and patterns of autosomal abnormalities.

Disagreement does exist in regard to the possible
association between maternal radiation and 21-
trisomy.?*~37 In the A-bomb exposed population,
Schull and Neel®® have reported that the frequency
of children with Down’s syndrome born to exposed
mothers (the fathers were not exposed) was 0.54
per 1,000 (3 in 5,579), and 1.27 per 1,000 (12
in 9,440) in children born to nonexposed mothers.
These results suggest that no association exists
between Down's syndrome and maternal radiation.
Our results did not indicate an increase in children
with 21-trisomy or aneuploidy involving any other
chromosome.
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APPENDIX TABLE 1 LIST OF CHILDREN WITH CHROMOSOME ABNORMALITIES

ft#1 PEKERELZETIFHRO-BE
Case No. Sex :19; Ysii::f Ahg';‘e:)at b;:;h E:;c::s.slre Type of abnormality Remarks
Hiroshima
FH3321 M 28 1948 32 38 (2 A1l. 47 XYY
FH4305 M 22 1956 30 38 c " =
FH4988 M 29 1949 25 29 (o] ” ”
FH7308 M 17 1964 28 32 c " "
FH9913 M 15 1969 25 27 E ” ”
FHO757 M 17 1953 26 34 Mo A2. 47 XXY
FHO0801 M 22 1948 23 27 Fa " "
FHO0815 M 13 1957 31 48 B " "
FH4223 M 22 1956 34 31 Mo " "
FH4727 M 29 1949 33 38 Mo " ”
FH5953 M 26 1953 21 24 C " "
FHG6415 M 30 1950 32 40 c ” .
FHB6662 M 28 1952 27 3 c 8 ”
FH8632 M 24 1958 24 28 Mo ks L
FHB8718 M 33 1949 35 41 Cc L9 (i
FHB8454 M 17 1965 25 30 Fa A3. 46, XY/47 XYY 45:48 cells, 47:152 cells
FH6505 M 24 1956 32 38 & A4. 46, X,inv(Y)(p11.29q11.2)
FH7417 M 23 1958 33 31 (o] " 46,X,inv{Y)(p11.2g911.23) pat Paternal origin
FH0492 F 21 1948 25 29 Fa AB. 47 XXX
FH1870 F 15 1857 34 33 B " "
FH3886 F 30 1947 25 27 c " ”
FH5852 F 21 1958 30 36 Mo . "
FHB291 F 24 1958 23 27 Fa ” ” F,:one (liveborn)
FHB912 F 16 1967 37 39 C o ” Sib (dizygotic co-twin)—normal
FH9339 F 15 1967 28 30 c " 2
FHO0092 F 18 1949 33 36 B A7. 45 X/47 XXX 45:95 cells, 47:4 cells
FH3033 F 22 1954 33 38 C " ” 45:82 cells, 47:15 cells
FH8020 F 24 1957 24 28 Cc . " 45:44 cells, 47:49 cells. F2; one (liveborn), also pregnant
at examination
FH8590 F 33 1948 25 38 c " 45,X/46,X,r(X) § §de novo mutant. 45:141 cells, 46:59 cells

ATE: At the time of examination. £ f&li} Age at birth: Parental age. HEOEOER Mo: Mother B
Exposure status: B % (O #H & B=Both parents exposed ik Ik 1

Fa: Father L #

(Continued #i< )

Fa=Father exposed i () 4 %% Mo=Mother M & # % C=Control xfHIE

2812 UL JUTH
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APPENDIX TABLE 1 Continued f{F# 1 #t%

Case No. Sex AA"?E Y;ia:t:f A&zat b;:r;h E;tiz_ls:re Type of abnormality Remarks

FHO0381 M 18 1951 21 30 Fa B1. 45 XY ,t{DgDq)

FH 1988 F 16 1956 27 32 Mo 45 XX,tlDgDq)

FH2443 F 21 1952 | 23 28 Mo " AEXK, Sibs; inherited, origin unknawn (ND)
FH4989 M 28 1951 29 39 Mo ** 45,XY,tl13g14q)

FHE456 M 30 1949 24 27 c " 45,XY,t(13gq14q)

FHBB64 F 29 1951 | 26 29 c “ 45XX, } Siherinhiritad cngin anknow (N0)
FH6757 F 26 1954 29 32 c "o45 XX, "

FHE538 F 30 1950 20 23 c " 45,XX,t(14q15q)

FHB80%6 F 16 1966 30 35 Fa " 45,XX,t{13q14q)

FH3436 F 22 1954 26 34 Mo B2. 45,XX,t{14g21q)

FHO0405 F 18 1851 29 43 Fa B3. 46,XX,t({5;11}{q13;p15) i .

FH8076 M 33 1949 27 41 Fa 46, XY, - Sibs: inherited, origin unknown (ND)
FH2209 F 26 1947 | 34 36 B " 46,XX.15;17)(p13:q25) § e

FH2210 | F 26 1947 | 23 29 B " 46,XX,1(5:8 (q22;p11.2) pat Gatopral:GHYIN

FH2690 | M 17 1957 | 23 27 Fa " 48,XY,1(5:8)(q22:p11.2)pat bt

FH4493 M 29 1949 32 34 o " 46,XY,1(6;12)(q15:922)

FH4595 M 23 1955 27 30 c " 46,XY,t(1;6)(g21;p21)

FHE611 F 29 1951 27 32 Mo " 48,XX,t(3;8){g21;924.1) o . . k (ND)
FHE771 M 2 1954 | 30 35 Mo " 4B XY, Sibs; inherited, origin unknown
FH7342 Fo 32 1949 | 27 38 . " 46,XX,1(12;13)(921.32;p12.3) § § e Asie FritaRE

FH9219 M 25 1957 25 31 C B3. 46,XY,t(5;7)(q15;p21) pat Paternal origin

FH9876 F 13 1970 29 30 C " 46,XX,1(5;8)(q22;p11.2) pat Paternal origin

FH9922 M 13 1971 25 30 c " 46,XY,t(6;8)(q13;q22)

FH1705 F 25 1946 34 35 C B4. 46, XX, inv(2p+q—)

FH5672 ™M 32 1947 27 32 c " 46,XY,inv(18)(p11.32q11.2)mat Maternal origin

FHE099 M 27 1953 27 38 Mo " 46,XY,inv(2)(p11.2913)

ig;gg; :: ::i ::ggg g; gi g i ﬁ:ii:mv(zlipl T.Zq‘l.‘j)pat} Sibs; inherited, origin unknown (ND)
FH9118 M 35 1948 39 45 [ed " 46,XY,inv(2)(p11.2q14.2)

FH9254 M 34 1949 27 34 c " 46,XY,inv(5)(p15.3q13)

FH7361 F 24 1957 24 25 Fa B8. 47, XX,+mar*§ (*minute) $de novo mutant. F,:one (liveborn)
FH6169 F 23 1956 28 28 Mo BS. 46, XX/47 XX, +mar* (*minute} 46:9 cells, 47:91 cells

FHB89B0 M 14 1969 25 28 Fa " 46 XY ,del(18)(p11.1}/46,XY,i(18q) del(18p}:181 cells, i{18qg):7 cells (ND)
FH7594 M 15 1966 | 25 25 Fa C1. 47,XY,+218 §de novo mutant

(Continued #: < )
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APPENDIX TABLE 1 Continued — ff# 1 #i%

Case Mo. Sex AA?IEE Y;ia:‘:f An?'!‘::;at h;:rath E:t':i’:;re Type of abnormality Remarks
Nagasaki

FNO217 M 13 1956 a7 33 Mo A1l. 47, XYY

FNO0486 M 21 1948 30 35 Fa i 2

FNO0970 M 19 1951 26 28 Fa i &

FN1717 M 26 1948 31 39 C A2. 47 XXY

FN2656 M 18 1957 27 27 C i =

FNAD25 M 30 1948 27 31 Mo L =

FN4171 M 25 1953 22 19 C £ e

FNA317 M 28 1951 40 a5 c . o* &

FNGB65 M 14 1970 25 29 o = o

FN3338 M 21 1956 25 30 Mo Ad. 46 XX XX male (ND)

FN3252 F 22 1955 24 27 Fa AB. 47 XXX

FIN4237 F 31 1947 20 24 Cc " -

FN2120 F 18 1956 26 24 Mo A7. 46, XX/47 XXX 46:3 cells, 47:96 cells

FN3202 F 21 1956 33 37 [ of AB. 46,XXq—

FNA935 F 32 1948 32 a5 c B1. 45,XX,t{13q14q)pat . tos

FN4936 | E 28 1952 | 36 50 c " 45XX, " } Sitis paternal origin

FN5837 M 13 1969 32 34 Fa * 45,XY,t(13q14q)pat o -

FNsssa | F 17 165 | 20 31 Fa " 45XX, " ) Bl paternel I

FNO870 M 18 1952 23 31 B B2. 45,XY,t(DgGq)

FNG6530 F 14 1969 29 36 Fa 45 XX,t{14g21q)

FN1638 M 24 1950 21 22 C B3. 46,XY,t(Cq—;17q+}pat Paternal origin

FN3068 F 28 1948 40 44 o " 46,%XX,t{18g+;20g9—])

FN3948 M 21 1957 33 41 c " 46 XY t{1p—;12g+Imat Maternal origin

i:g;? 'E g? 1:2’; ;i gg g 5 ﬁji((i((:t&p—:‘ﬂpﬂ Sibs; inherited, origin unknown (ND)

FNA4724 M 29 1951 24 29 o ‘* 46,XY,t(Bg—;Cqtlpat Paternal origin

FN5049 F 29 1951 28 35 [ od " 46,XX,t{2q—;13qg+)

FN2357 F 26 1949 23 45 Fa B8. 47,XX,+mar* mat (* minute) Maternal origin

FN3990 M 22 1957 40 37 o B9. 46,XY/47 XY ,+mar* § ("minutel § de novo mutant. 45:18 cells, 47:31 cells

FN4121 M 30 1948 20 29 Mo * 46,XY/47 XY ,+mar* § (*minute} § de novo mutant. 46:21 cells, 47:9 cells

FN6023 M 31 1951 23 24 & “ 4B.XY/47.XY +mar/a8,XY +mar x2§ | §de novo mutant. Complex mosaic consisting of cell
lines with 2 or 3 different minute markers of varying
combinations.

88-1C UL JdTd
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