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Genetic studies

Genetic effects

Study Period Genetic effect
e et s by DA~ 1954 Al
2 Sex ralin 1948 - 1962 Absent
3 | Gowhaseveiopmen Absen
4 Chromesomal abermations [T ~ 1984 Absent
5 Malignant twmor freguency [t} — present Mot detected
6 Moralily rate L9641 ~ present Not detecied
7 Gene mulation frequency 1977 ~ (934 Absent
8 DINA studies |45 - present Ml Kronwn
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In order to evaluate the genetic effects of
atomic bomb radiation on the children of
atomic bomb survivors, a study was conducted
on abnormal pregnancy outcomes between
1948 and 1954, A total of 71,280 pregnancies
were  investigated, consisting of 15410
registered pregnancy cases involving atomic
bomb survivors in Hiroshima and Nagasaki,
and 55,870 controls,

However. no significant
genetie etfeets due to atomic bomb radiaton
were observed in any of the following caego-
rics: sex ratio, stillbirths, neonatal deaths, and
infant mortality rates for ages up to 9 months,
and congenital malformations in stillborn

statistically
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babics or within the first nine months of hite,

Although the sex ratio study was repeated
on 47,624 children of survivors in Hiroshima
and Nagasaki between [948 and 1962, the
results were the same, .

In order 10 investigate the growth and
development of the children of atomic bomb
survivors, approximately 200,000 elementary,
Junior high and senior high school students in
Hiroshima and Nagasaki were surveyed in
1963, but no impairment was found relative 10
the controls.

The resulis of these studies are summari-
eed in the above table: the DNA study hegan
m 1985 and is shill under way. Study findings
are discussed in the following sections.



Chromosome aberrations

Number of examinees  Mules
Females

Totat

AL Sex chromosome abnormalitivs
Males XYY
XXY
Mosiicisin
Others
Females XXX
Mosaicism
Others

H. Autosommal structural rearrangzements

Reciprocal iranslocations (alanced)
D, DG translocations (balanced)

laversions (balanced)
Others (including unbalanced)
C. Awtosomal trisomy

2| trivomy

Total aberrations

() Figieres in parenthoses irnhoate Mregoency por L0 examdnees. However,
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Exposed Controls
1,904 1642
4,408 4.294
%322 7976

30,771 5101.36)
7 (1.79} 91244
| {0.26] =
1 (0.26) 2 (0.54)
501.13) 4 (093}
2 (0.45) 30700

1 (0.23)
T084) 13 11.63}

10 (1.20) 6 i0.75)
1 (0.2} 6 10.75)
5 (0600 2 (0.25)
1 {012}

43 1517) 510(6.39)
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A study on chromosonil aberrations was
performed on the children of atomic bomh
survivors between 1967 and 1984,

The study covered 16,298 children (7,596
males and 8.702 females), consisting of 9.828 in
Hiroshima (4,716 exposed and 5,112 controls)
and 6,470 in Nagasaki (3,606 exposed and
2.864 controls). The average age at the time of
cxamination {24 years) was the same for both
the exposed and control populations (the uge
range bemng 12 o 38 years).

[. Sex chromoesome abnormalities:

No radiation effect was observed in either
mumerical abnormalitics (XYY, XXY. XXX
and mosaicisim) or in structural rearrungements
(e.z. inversion of the Y chromosomes),

2. Autosemal structural rearrangements
{reciprocal  translocations,  Robertsonian
translocations, inversions, and extra marker
chrommosomes ete. )

Since structural abnormalities (rearrange-
ments) are predicted to be induced by radiation
al a [requency proportional to dose, they
provide a good index Tor investigating the
genelic effects of radiation. However, no
signiticant difference between the exposed and
control populations wis found with respect to
the trequencies of structural abnormalities,
including both bulinced rearrangements (c.g.
translocations) and unbalanced ones.

3. Chromosomal trisonmy (21 trisomy. i.c.
Pown’s syndromie):

No increase was observed in the children
of atomic bomb survivors.
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Cancer incidence

Number of children

All cancers

“Heritable™ ¢cancers
Retinoblastoma
Wilms' tumor
Neuroblastoma
Osteosarcoma
Embryomal carcinoma
Sarcoma, kidney

Leukemia

Others*

*includling 15 brain tumors

D A T
%3 3.Cancer incidence and
¥ mortality rates

The Radiation Effects Research Foundation
has continued to perform follow-up siudies on
children who were conceived after the deto-
nation of the womic bombs (thus born after
May 1946) and tor whom at least one parent
was a survivor of either the Hiroshima or
Nagasaki atomic bombs.

I. Cancer incidence study

A study was conducted for the period 1946 -
1982 on the cancer incidence at all sites for
snbjects aged under 20 years. Among the
72,216 subjects were 92 cancer cases, but no
significant increase in cancer risk was associa-
ted with parental exposure.

Parental gonadal dose (Sv) Total
0 =10.01
41,066 31,150 72,216
49 43 92 {100%)
10 9 19 (21%)
4 ] 1 5
1 4 5
3 1 4
| I 2
| 1 2
0 1 1
17 16 33 {36%)
3 18 40 (43%)
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Nomber of cancer cases in livebom children
20 yeurs, [946-1982)
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2. Mortality study

The 1946 - 1985 inortality rate study pub-
lished in 1990 reported 3,852 deaths among
the 67.586 persons for whom it was possible
to estiimale doses using DS86 dosimetry.
Excluding the 584 individuals who died from
extrinste causes and the 359 deaths from
unknown causcs, there were 2,909 deaths due
to discase, Of these. malignant neoplasms
accounted for 113 deaths, and other diseases
for 2,766.

No signiticant increises in mortality in
relation to parental dose were observed in the
mortality rates from cither fatal cancer or
other diseases.
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Mutations producing changes in electrophoretic mobility

Parental gonedal dose
Children examined
Equivalent locus tests
Mutations

Mutation rate { locus f generation

Mutations producing decreased enzyme activity

Children examined
Equivalent locus tests
Mutations

Mutation rate / locus / generation
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'//, 4. Biochemical genetucs study
72 (gene mutation rates)

Between 1977 and 1984, 11,364 children of
Hiroshima and Nagasaki atomic bomb survivors
as well as 12,297 controls were examined for
protein variants using two techniques, starch gel
electrophoresis and ¢nzyme activity mcasure-
ments, in order o determine whether the vanants
had been produced as a result of mutations in the
parental germ cells,

As shown in the table, no significant differ-
ence in mutation rates was observed between the
exposed population {2 cases, with a mutation
rate of 0.37 x 10 " per locus per genceration) and
controls (4 cases, with a mutation rate of 0.68 X
[0 " per locus per generation). Thus no radiation-
caused genetie effect was detected. However,
the presence of such an effect cunnot completely
be discounted due to various factors such as low

\“41 J.
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Exposed Controls |
=0.015v < 0.015v
11364 12,297
344,779 589,506
2 4
0.37X10° 068 <10 °
Exposed Controls ]
4,959 5,026
60,529 61,741
! 0
165X 107" 0

parental doses and the facl that much of the data
was obtained using a technique suited to the
detection of point mutations, which are rather
rare among radiation-induced mutations,

In order 10 compensate for these disad-
vantages, mutation studies atl the DNA and
RNA level are being mtempted. With the
intreduction of 1echniques to detect deletional
mutations, which are the predominant form of
radiation-induced mutation, this research is
expected to yield dividends.





