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INTRODUCTION

Extensive earlier studies of offspring conceived after
parental atomic bomb exposure have revealed no increased
frequency of still-births, neonatal deaths, or gross
malformations.! Further, there has been no overall
increase in the mortality rate in the F', generation,?
and the initial impressions of an alteration in the sex-ratio
have not been substantiated.® These essentially negative
findings suggest that no effects were produced, that the
sample size was too small to allow detection of genetic
effects, or that the indicators used were insufficiently
sensitive.

The present cytogenetic study was designed to evaluate
the radiation sensitivity of human germ cell chromosomes,
on the assumption that subtle but detectable chromosomal
rearrangements induced in the meiotic chromosomes of an
exposed parent would be reflected in the somatic cells of
the progeny, even if the offspring were phenotypically
normal. It has been well established, for example, that
heterozygous carriers of balanced translocations may be
clinically unremarkable.*-?

METHODS AND RESULTS

The selection of a relatively small number of children of
heavily exposed survivors was planned as a preliminary
approach to an anticipated larger-scale effort. Families
were selected from the Fertility Study sample of
Sawada et al,® the criteria being that at least one parent
had to have a minimum exposure dose of over 100rad,”
and that there were children born both before and after
parental exposure.

Peripheral blood leukocytes were cultured for 46-50 hours.®
Slides were coded and analyzed without knowledge of
the age of the patients. Twenty-five well spread meta-
phases were examined microscopically, and an additional
five cells were independently selected and photographed
for karyotype analysis.
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As seen in Table 1, leukocytes were successfully cultured
from 185 children from 98 families with one or more
exposed parent. One hundred twenty-eight individuals(62
male, 66 female) of the 185 were conceived after parental
exposure; and 57 children (26 male, 31 female) were
conceived befare exposure. Of the 128 children, 103
came from families in which the maternal dose exceeded
150 rad, the father having been not in the city at the
time of the bomb (87 cases) or exposed to less than
150 rad (16 cases). The remaining 25 of the 128 children
were born to parents exposed to lower doses, but in all
instances, at least one parent received more than 100 rad.
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TABLE 1 CYTOGENETICALLY EXAMINED CHILDREN OF ATOMIC BOMB SURVIVORS,
BY BIRTH PERIOD, CITY, AND SEX

#1 HMIBRERWRELT 2 - ~AEREREO TR K:
WAERE - 46T - b & ORI
Birth Period Hiroshima [ & Nagasaki £ i} Total Wi

2k B Male Female Total Male Female  Total Male Female Total

E x® & % &t 5B E'S . EE
1940-46 21 24 45 5 7 12 26 31 57
1946-50 37 40 77 11 15 26 48 55 103
1951-63 14 11 25 14 11 25
1946.63 25 26 51 62 66 128
Total & it 58 64 122 30 33 63 88 97 185
Families % 5% %t 69 29 98

Although all families included children born both before
and after parental exposure, in only one-third of the
families contacted were we able to obtain blood samples
from children born prior to August 1945,

Of the 185 children studied, 182 were karyotypically
normal. Among the other three, one female was found to
have a deleted short-arm of one of the G group chromo-
somes in all cells analyzed (Figure 1). This girl, born
in 1948, was clinically normal. Her sister, born in 1941,
and sampled as a family control for the proband, also
carried the same chromosomal abnormality. A fuller
description of this family with the deleted G will be
given elsewhere.? The third karvotypically abnormal
patient was a female, born in 1949. She showed a sex
chromosomal mosaicism of 45, X/47, XXX. Of her 100
examined leukocyte metaphases 95 had 45 chromosomes
and were XO. Four cells had 47 chromosomes and were
XXX. In addition to being well below the Japanese
average in height, the proband had irregular menses,
raising the possible diagnosis of gonadal dysgenesis.
Two female sibs, one born before parental exposure and
one born after, were karyut_j:pically and clinically normal.
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Figure 1 Partial karyotypes showing the short-arm deletion of a G-group chromosome in a female born in 1948 (wpper row)
and in her sister born in 1941 (lower row). This abnormality was also found in the mother, and was, therefore,

familial,
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It is presumed that the mosaicism in the affected child
arose as a result of a non-disjunctional error during an
early mitotic division, soon after zygote formation.

In this study, we were particularly interested in the 103
children born in the first 5 years after parental A-bomb
exposure. Data on the mutation rates in the offspring of
irradiated mice had suggested that irradiation of the
female resulted in specific-locus, gene mutations only
when conception took place within 7 weeks of oocyte

irradiation.!”

Irradiation of the male, however, resulted
in a relatively constant mutation rate regardless of when
conception occurred.!! Thus, the absence of a radiation
effect in the 103 children born in the first years after

parental exposure was felt to be especially meaningful.

In attempting to explain the absence of a detectable
cytogenetic effect on the progeny of A-bomb exposed
survivors, we cannot rule out the possibility of selection
against chromosomally or genetically damaged germ cells
in either oogenesis or spermatogenesis. Nor can we
eliminate the possibility of very early, and undetected,
death of the zygote. In addition, the radiation dose
received by the germinal tissue may well have been
considerably less than the total dose to which the parent
was exposed.
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It is likely that if, in fact, any radiation-induced karyo-
typic abnormalities are present in the F, generation,
they occur at such a low frequency that a very large
sample will be required to detect them. On the hasis of
the absence of a radiation effect in the 128 children
born between 1946-63, we may say with 95% confidence
that if there are affected offspring, their frequency is
less than 2.5%. A larger study is now being established

to determine more definitively whether damage was induced
and transmitted from parental germ cell chromosomes.

SUMMARY

A cytogenetic examination was done on cultured leukocytes
of 185 children born to heavily exposed atomic bomb
survivors of Hiroshima and Nagasaki. Of 128 children
conceived subsequent to parental A-homb exposure, one
showed a short-arm deletion of one of the G chromosomes,
while a second was a 45, X/47, XXX mosaic. The
short-arm deletion was found to be familial, and the
mosaicism presumably arose during a post-zygotic cell
division. There was, therefore, no evidence of a radiation
effect on the meiotic chromosomes of survivors.
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