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SUMMARY: Evidence is presented that(1) A-bomb survivors have many residual chromosome aberrations
from their exposure, (2) about 50% of all persons exposed to over 100 rad may be expected to harbor these
aberrations, (3)they are capable of producing distinct subpopulations of cytogenetically aberrant cells in
vivo, and (4) the proportion of aberrant cells is dose and age dependent. While these aberrations per se
are not indicative of any “radiation induced disease,” their potential relationship to neoplasia is important.
The long-term, continued medical and cytogenetic surveillance of the A-bomb survivors will hopefully tell

whether or not induced aberrations, whether viral, drug, or radiation produced, are of biological impor-
tance to man.
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INTRODUCTION

While the precise nature of the relationship between
neoplasia and chromosomal abnormalities is not known, it
has long been hypothesized that a relationship does exist.
In 1914, Boveri first suggested that there is a chromo-
somal basis for the transformation of a cell from normal
to malignant.! In 1928, the somatic mutation theory of
the origin of tumors was described by Bauer? This
theory included both gene and chromosomal mutations in
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the genesis of neoplasia. More recently, Fialkow has
suggested that malignant transformation produced by
oncogenic viruses, ionizing radiations, and tumor-producing
chemicals may be mediated by chromosomal aberrations;
or, alternatively, that if the chromosomal changes per se
are not oncogenic, they may in some as yet unknown
fashion potentiate malignant transformation by other agents
such as viruses or radiations.”

The kinds of chromosomal aberrations that have been
described in tumors of man include those of both number
and structure. In an individual tumor, there may be a
wide range in chromosome number, though one or two
major cell lines usually predominate. Similarly, many
different typesof structural alterations of the chromosomes
may also be seen, though the presence of a specific marker
chromosome in a tumor cell line is suggestive evidence
for the clonal origin of some tumors. The presence of a
long arm deletion of a G-group chromosome in chronic
myelogenous leukemia cells (the Philadelphia 1 chromo-
some) is perhaps the best example of a marker chromosome
in a malignant disease of man.* Other evidence of the
clonal nature of some neoplasia comes from consistent
glucose-6-phosphate dehydrogenase (G6PD) differences
between tumor cells and normal cells of the same tissue.

We have, then, considerable evidence in man for the
presence of chromosomal abnormalities in tumor cells.
The question may be asked: do chromosomal aberrations,
of number or structure, result from the malignant process;
or do they antedate the development of a malignant cell
line 7 We now know that, as in experimentally irradiated
mammals, human populations exposed to high doses of
ionizing radiation have an increased incidence of tumors
of several tissues. In particular, among the Hiroshima
and Nagasaki A-bomb survivors, the incidence of tumors
of the thyroid has now been shown to be increased, as the
incidence of leukemia was earlier. We also know that in
man, as in other species, ionizing radiations induce
somatic mutations, which are sometimes detectable in the
form of chromosome breaks and rearrangements.

METHODS AND RESULTS

It seemed to us that the populations of Hiroshima and
Nagasaki might provide a model by which the types and
frequencies of detectable somatic mutations might be
correlated in a prospective manner with the development
of clinical disease. To that end, we have in recent years
begun to screen cytogenetically all available heavily
exposed persons in those cities, using the peripheral
blood culture technique. By obtaining data on the
frequencies of aberrations found in the circulating lympho-
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cytes, we might expect to have a measure of the load of
aberrations to which these populations are subject, our
assumption being that if lymphocyte aberrations are
present, chromosomal aberrations are also likely to be
present in the cells of many other tissues.

Several interesting findings have now emerged from these
cytogenetic studies. First, there are clear age differences
in the frequencies and types of observed aberrations.
Among 94 younger survivors exposed to more than 100 rad,
the frequency of cells with dicentrics, rings, and fragments,
was 0.5 %, almost precisely the same as it was among 77
older exposed persons. And vet, the proportion of cells
with balanced translocations or pericentric inversions was
only 0.1% in the younger subjects, aged 20 to 49, and
1.1% among those between 50 and 88 years of age.’®
Furthermore, a recent review of 248 additional exposed
persons shows a steady increase in the frequency of cells
with dicentrics, rings, and acentric fragments with an
increase in dose in subjects estimated to have been
exposed to doses ranging from 100 to over 700rad.’

In considering the implications of these findings, one
must remember that the lymphocyte population under
study is extremely heterogenous, and that the observed
frequency of aberrations will be very much dependent on
the ability of aberration-bearing lymphocytes to respond
to antigenic stimulation in vitro. On the other hand, it
appears that repeated antigenic stimulation in vivo has
resulted in the in vivo proliferation in older persons of
cells with translocations and inversions, increasing the
proportion of such cells by a factor of 10 in the older subjects.

Evidence in support of this idea comes from the finding
of in vivo clone formation in 12 survivors exposed to an
estimated 104 to 717 rad. These persons had multiple
blood cells with the same chromosomal rearrangements,
indicating that at the time of irradiation a precursor cell
was damaged cytogenetically, and that it nonetheless went
on to produce -a distinet subpopulation of cells, each of
which had the same abnormality. This is not to say that
these subpopulations, or clones, are in any way “malignant.”
It simply indicates that cytogenetically aberrant cells do
sometimes have the capacity to proliferate in vivo. We
are now attempting to develop an in vitro system which
will enable us to mimic this phenomenon experimentally,
by cloning of single, isolated lymphocytes.®

To return to the matter of the dose-cytogenetic response
curve. Bender was one of the first investigators to propose
use of the frequency of observed aberrations in human
cells as a biological dosimeter after acute radiation
exposure.” This suggestion was found by Buckton et al
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to be applicable for dicentric frequencies after acute
whole-body irradiation.'” Our data, and that of Sasaki
and Miyata,'! indicate that even long after an acute
exposure, the residual frequency of observed aberrations
varies with the dose. That is, it may ultimately be
possible to estimate an individual's exposure dose by the
observed frequency of aberrant cells. This is a preliminary
impression, and far more data will he required to make
this a reasonably precise approach.

Thus, we have now documented, and are continuing to
document, the cytogenetic effects of the A-bombs on the
survivors. In general, we may say, on the basis of past
experience, that from 35% to 62% of all subjects
estimated to have been exposed to more than 100 rad will
have, of 100 cells examined, at least one or two cells with
complex chromosomal breaks or rearrangements. The
proportion of cytogenetically abnormal cells in a given
individual will vary with age at the time of exposure, and
with the exposure dose.

In the future, individuals with neoplasia will doubtless be

found in both the exposed and nonexposed Eroups.

Having characterized both groups cytogenetically, we may
be able to determine whether or not there is a significant
increase in neoplasia among those with aberrations. This
prospective approach may well eventually tell us whether
or not the few observed, cytogenetically aberrant lympho-
cytes do reflect a real increase in the body burden of
somatic mutations, mutations which may be in the direction
of neoplastic transformation.

DISCUSSION

The phenomenon of in vitro, viral-induced transformation
12 By transformation of fibroblasts is
meant: (1) morphologic change of fibroblasts and their
colonies, for example, to epithelial cells; (2)loss of contact
inhibition in fibroblast cultures; (3) the Warburg phenom-

enon, or accumulation of pyruvate and other evidence of

is of pertinence.

anaerobiasis; and (4) the capacity, at times, of transformed
cells to produce tumors in experimental animals. Using
human fibroblasts of skin origin, Todaro and Green have
shown that spontaneous transformatjon is rare.! 3 However,
when fibroblasts from Down’s syndrome patients who
have a high risk of leukemia, are cultured, transformation
is increased at least ten-fold. Further, the preliminary
evidence is that individuals with an increase of both
chromosome breakage and malignancy, as in Fanconi's
anemia, have a similar increased tendency towards fibro-
blastic transformation when their cultivated cells are
exposed to Simian virus 40,
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It is not at all clear that this technique will prove to be
applicable to large scale screening of humans for the
detection of a premalignant state. It seems to us likely
that the sensitivity of host cells to virogeny may depend
on many factors completely unrelated to either the
presence of a consistent karyotypic abnormality in all
cells or to the presence in lymphocytes or fibroblasts of
isolated, structural aberrations. Certainly, the presence
of these lymphocyte aberrations in exposed survivors of
Hiroshima and Nagasaki cannot be expected to effect the
capacity of their skin fibroblasts to transform.
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