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CYTOGENETICS SYMPOSIUM AT ABCC, 19-20 June 1967
ABCC oM@ ERrMRICET 5 2RI .4, 196756 A19-208

INTRODUCTION

A Cytogenetics Symposium was held at ABCC in
Hiroshima on 19-20 June 1967 to review past and
present studies related to the cytogenetics of atomic
bomb survivors. A group of human geneticists from
within Japan were invited to participate in the
Symposium, and an attempt was made to elicit the
opinions of those participating as to the most
important future cytogenetic studies at ABCC.

Among the participating guests were (in alphabetical
order): Dr. Takaaki Ishihara, National Institute of
Radiological Sciences; Dr. Sajiro Makino, Hokkaido
University: Dr. Ei Matsunaga, National Genetics
Institute; Dr. Noboru Ozono, Hireshima University:
Dr. Masao S. Sasaki, Tokyo Medical and Dental Univer-
sity; Dr. Motomichi Sasaki, Hokkaido University.
Invited observers were: Dr. Noriaki Ida, Toyo Kogyo
Hospital: Dr. Tetsuji Kadotani, Hiroshima University:
Dr. Toshijiro Kawamura, Hiroshima University (Presi-
dent); Dr. Tetsu Sakamura, Hokkaido University
(Professor Emeritus); Dr. Masanobu Tomonaga,
Nagasaki University: Dr. Takeshi Wajima, Yamaguchi
University; Dr. Kenjiro Yokoro, Hiroshima University.
From ABCC, Dr. Howard B. Hamilton, Chief of Clinical
Lahoratories, and Dr. Hiroshi Maki, Associate Director,
as well as the Cytogenetics Laboratory staff,
participated.

The Symposium was divided into three main parts:
1) Presentations of data and methodology from ABCC;
2) Presentations of material from other studies related
to the work of ABCC; and 3) Formulation of recom-

mendations for future research.

SYMPOSIUM

1. Data and Methaodology from ABCC

The three main populations explored thus far cyto-
genetically were outlined by Dr. Shotaro Neriishi.
These, include the ABCC-JNIH Adult Health Study
sample, which is composed of approximately 20,000

persons, who are seen biennially in the ABCC clinics;
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the in utero exposed; and the F1 sample. The survivors
in the Adult Health Study have detailed clinical records
on file at ABCC, and offer the advantage of long-term
clinical follow-up. The {irst two major cytogenetic
studies completed at ABCC to date's* have involved
this sample which consists of proximally exposed
persons, distally exposed persons, as well as a not-in-
city group. Those who were in utero at the time of
the bombs (ATB) are similarly made up of individuals
whose mothers were proximally, distally, or nonex—
posed, and extensive clinical data is also available on
this population. F1 generation subjects are available
from a variety of sources, including the Child Health

Survey,?

In initiation of the cytogenetic studies, the Depart-
ment of Statistics first selects groups of survivors
on the basis of the desired exposure dose categories,
and nonexposed comparison subjects (controls) are also
seiected, matched for age and sex with exposed: "The
Department of Medical Sociology solicits the coopera-
tion of those individuals who have been selected for
cytogenetic study. Normally, each person is requested
to visit ABCC for a medical history and physical
examination. At that time, a blood sample is drawn
for multiple laboratory studies, among which is the
chromosome study. Occasionally, blood may be obtained
on a home visit, if the subject is not regularly
scheduled for a complete examination at ABCC, though
he can obtain this examination at any time he desires.

The problems in contacting were outlined by Mrs.
Chie Yanagawa,a Public Health Nurse of the Department
of Medical Socioclogy. In general, good cooperation
with the citizens of Hiroshima and Nagasaki has been
maintained in the contacting for cytogenetic studies.
A small proportion of refusals is felt to be unavoidable.
In addition, movement of subjects out of the two cities,
together with death and illness within the samples
tend to diminish the number of available persons.,
Perhaps the most often encountered problem from the
contacting point of view is that of the lack of under-
standing of subjects as to the need for repeated clinical
and laboratory examinations so long after the bombs.
It was felt that in the future more time might be spent
informing the subjects of the reasons for follow-up

examinations.
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Techniques of cell culture and chromosome analysis
differ from laboratory to laboratory, and for this
reason, the methods currently in use at ABCC were
described in detail by Dr. Takeo Honda. Both the
Hiroshima and Nagasaki laboratories use the same
method of culture and of scoring so that the results
may be easily compared. This is fell to be especially
important since the proportion of gamma radiation to
which the Nagasaki survivors were exposed is consi-
derably higher than the gamma doses to which the
Hiroshima survivors were exposed. In Hiroshima, the
radiation exposure was more nearly an equal mixture

of gamma and neutron radiations,

Dr. Honda indicated that while the recent studies at
ABCC have utilized a 3-day cullure time, the labora
tories have now changed to a 2-day method, using
Burroughs Wellcome phytohemagglutinin. * It was
suggested that, theoretically at least, the frequency
of the more unstable aberrations, such as dicentrics,
rings, and fragments, would be more representative
of the in vivo situation if only first division products
were analyzed. This is essentially the case in the 2-day

culture.

It was, further, emphasized that culturing and
microscopy are done without knowledge of the exposure

status of the examinees.

Dr. Akio A. Awa outlined the approach being used in
the recently begun chromosome survey of the offspring
of heavily irradiated survivors. He indicated that the
microscopy and analysis of cells in this F1 study
would be different from that used in the studies of the
survivors themselves, because chromosome aberrations,
if present, would reflect parental germ cell damage
and as such should be seen in all cells of the affected
offspring. This study is seen as an imporiant new
approach in the ABCC effort to detect genetic effects,

Several points were raised in discussing this new

work:

1) The changes which might be found in the genetic
make-up of the somatic cells of individuals in a
subsequent generation could reasonably be assumed to
be the results of subtle but definite chromosomal

rearrangements in the meiotic chromosomes of an
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exposed parent. As such they would provide useful
information about the radiation sensitivity of human

cells in gametogenesis;

2) The chromosomal alterations would have to be
genetically stable, without significant loss of chromo-
somal material, and might include primarily balanced
translocations of a reciprocal type, as well as pericen-
tric inversions, The possibility of mosaicism occurring

is certainly present, but seems somewhat remote;

3) The study will include children born subsequent
to maternal and/or paternal exposure. It will also
include children born prior to parental exposure, in
an effort to determine the rate at which individuals
with these abnormalities naturally occur in a non-

exposed human population.

Dr. Shotaro Neriishi presented the results of leuko-
cyte chromosome studies on 68 individuals who*were
in the first trimester in utero ATB. Twenty of these
individuals were born to mothers who were within
1400 m of the hypocenters. No increase in the two-hit
type of chromosome aberrations was detected in this
group, when compared to the 48 individuals whose
mothers were distally exposed and had less than a 1
rad exposure. It was pointed out, however, that
differentiation of lymphoid cells in human embryos is
not extensive until perhaps the second trimester of
gestation, so that individuals who were in the second
(or third) trimester in utero need to be studied before
a definitive statement can be made about the sensitivity
of differentiating lymphocytes to ionizing radiation.
Further, while the estimated maternal doses may have
been sizeable, it is unclear what the fetal exposure
doses were, since shielding of the fetus by maternal
tissues undoubtedly played an important role in dose

attenuation,

Drs. Nanao Kamada and Arthur D. Bloom reviewed
the cytogenetic findings in the Adult Health Study
dividing those studied into the younger exposed (<730
years ATB) and older exposed ( >30 years ATB). For
these initial studies, patients with a history of
malignant disease, radiation therapy, radioisotope
study, or of diagnostic X-irradiation within the pre-

ceding 12 months were not included. Eviderce of a
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viral exanthem on physical examination was also

grounds for exclusion.

Among the 94 survivors who were less than 30 years
of age ATB, and who had estimated exposure doses
of 200 rad or more, 34% had exchange-type aberrations
in 1%-4% of their cultured leukocyte metaphases. In
contrast, one of the 94 matched controls had a single
minute fragment, and no other structural aberrations
such as rings, dicentrics, or translocations were seen
in the cells of the controls. There was no significant
difference in the frequencies of either single or iso-
chromatid gaps or breaks between the exposed and
controls. No direct relationship to dose or clinical
symptoms of radiation sickness at the time of exposure

was detected.

Among the 73 older persons who were exposed to
more than 200 rad, the frequency of cells with
so—called unstable aberrations (Cu cells*) was about
the same as in the younger group (0.7%), but there
was a marked increase in the proportion of Cs cells,
reflected primarily in translocations. Thus, the
combined frequency of Cu+Cs cells in the older
survivors was 1,5%. The 68 older controls also showed
an increased spontaneous aberration rate with Cu and
Cs cells occurring in 0.06% of their examined cells.
This is in contrast to the 0.01% in the younger
controls. Of the older exposed individuals 59% had
these rearrangements while 10% of the controls were
affected.

The presence of what appeared to be clones of
aberrations in four heavily exposed older survivors
suggests that at least some lymphocytes from the
pool of immunologically competent lymphocytes are
capable of cell division in vivo. Furthermore, the
high proportion of irradiated persons with multiple
aberrations raises the possibility of future assessment
of the risks of sematic cell disease in subjects who

harbor such abnormalities.
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Dr. Philip G. Archer reviewed some of the statis
tical problems relative to large scale chromosome
studies in which the expected proportions of abnor
malities are relatively low. He felt that a mixed
binomial model best explained the finding that the
heavily exposed group consists of: a) those with a
small, probably constant fraction of cells with chromo
somal abnormalities, and of b) those without such
With this model, there is

good correlation between the expected and observed

detectable aberrations.

proportions of aberrant cells. The very real question
of how many cells should be examined per subject,
since our capacity is limited, was raised. It was Dr.
Archer’'s view that if we simply wish to identify
individuals with aberrations, we ought to stop micro-
scopy on each subject’s slides when either the first
aberration is detected or when some maximum number
of cells is screened. This would reduce the amount
of information obtained from the cells of any -one
subject, but would increase our ability to detect

cytogenetically abnormal persons.

Dr. Archer also raised for consideration the problem
of the controls, asking whether there need be a
control for each index person studied. The desirability
of minimizing the number of control persons studied
seems counterbalanced by the obvious necessity of

establishing "normal” frequencies in these populations.

2. Related Studies

The cytogenetic findings in the 22 Bikini fishermen®
were reviewed by Dr., Takaaki Ishihara. Data from
three annual examinations (1964-66) have showed: a) no
increase in aneuploidy; b) a predominance, as in the
older Adult Health Study subjects at ABCC, of cells
with stable-type chromosome aberrations; and c) a
relative constancy from year to year in the proportion
of abnormal cells in any given exposed fisherman,
In addition, Dr. Ishihara called attention to the presence
of these same types of complex aberrations in bone
marrow cells of his patients. In contrast, Dr. Ozono’s
cytogenetic study of bone marrow cells of atomic bomb
survivors’ showed no such abnormalities. The implica-
tions of Dr. Ishihara’s findings are considerable, in
that bene marrow preparations may involve cells of
the erythrocytic, megakaryocytic, or granulocytic
series.
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The occasional finding, in lymphocytes of the Bikini
survivors, of long arm deletions of one of the G group
chromosomes was difficult to explain. Bul these have
also been noted in a few cells from three Adult
Health Study subjects at ABCC, two of whom were
controls. The biological significance of these Ph'-like
chromosomes is unclear, especially in hematologically

normal individuals.

Dr. Masao S. Sasaki utilized the disappearance rate of
cells with so-called stable and unstable aberrations to
present estimates of the life span of human lympho-
cytes, He arrived at the conclusion that lymphocytes
are heterogeneous in terms of survival, with one
long-lived population surviving for about 540 days.
As determined by the estimated survival time of Cs
aberrations, the average survival time of cells with
these abnormalities is 5550 days. These results are
derived from survival curves obtained from leukocytes
of patients with cervical cancer receiving X-ray

therapy.

In vitro, the average surviving efficencies of Cu
cells in each mitosis was 0.25; of Cs cells, 0.68.
TFurther cytogenetic observations of Iymphocytes
irradiated in the extra-corporeal system indicated that
circulation of these cells was intermittent, with most

of their life span being spent in the lymphocyte pool.

The study of induced abortuses was felt to be
pertinent to the ABCC population studies, in that the
chromosomal f{indings in induced abortuses would
essentially represent those of a normal population.
Dr. Motomichi Sasaki presented the data which he and
Dr. Makino had collected in their cytogenetic survey
of 468 induced abortuses and from 37 cases of sponta-
neous abortuses, Among the 468 induced abortuses
studied, seven or 1.5%, were found to have either
abnormalities of structure or number: there were
three mosaics (X0O,/XX, X0O/XY, XY/XXY), two mono-
somics (X0), one trisomic (XXX), and one D/D
translocation carrier. Nine karyotypically wnormal
cases showed 10%-36% of their cells with chromosome
breakage.
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Three of the 37 spontaneous abortuses were cyto-
genetically abnormal: one was a triploid organism
with a 69-XXY karyotype; one was a D-trisomy; and
one had a partial deletion of a number 17 chromosome.
An additional case showed a 22% frequency of cells

with chromosome breakage.

The low frequency of karyotypically abnormal
organisms found by Drs. Sasaki and Makino among
the induced abortuses, closely parallels the Adult
Health Study results, in which less than 1% of persons
were found to be karyotypically abnormal.

3. Recommendations

Dr. Ei Matsunaga began the discussion of which
groups of subjects should be emphasized in future
ABCC studies. His feeling was, and it was generally
shared, that the F1 study may well require several
thousand individuals before a definitive statement
can be made as to the presence or absence of meiotic
chromosome effects in heavily irradiated parents. He
suggested that this project may take many vyears,
but that it was clearly a necessary piece of work.
It was also suggested that cyvtogenetic studies of the
F2 generation are desirable, and that the ABCC group
should begin to plan such study. The conclusion was,
therefore, reached that the F1 (and F2) study should
be a long-term continuing cytogenetic project at ABCC,
in both the Hiroshima and Nagasaki laboratories,

In considering the Adult Health Study work,
attention was drawn by Dr. Ishihara to the fact that
not all cells examined are karyotyped using photo-
micrographs, Only cells with suspected aberrations are
so examined, the remainder being karyotyped directly
under the microscope. While it was acknowledged
that the detection of, for example, deletions would
be enhanced with increased reliance on photomicro-
graphs, most major abnormalities are detectable
directly. Furthermore, given the large number of
subjects to be seen at ABCC, there is a need to utilize
the available microscope time as efficiently as possi-
ble. Increased use of photographs would considerably
slow the progress of the work, reducing substantially

the numbers studied,
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The possible relationship of the frequency of
aberrations to the estimated exposure dose was raised
by Dr. Gilbert W. Beebe. It was the general feeling
that while there is increasing evidence of the useful-
ness of chromosome aberrations as a bioclogical
dosimeter scon after an acute exXposure,® 20 years
is probably too long an interval after the exposure
to find such an association. However, the findings
in the Adult Health Study group are now being
examined closely for the possible presence of a

dose-effect relationship.

In this regard, cultures of other tissues beside
blood cells may be useful. It was recommended that
selected tissues obtained soon after death could be
frozen, and subsequently thawed and cultured for
chromosome analysis. Little data is as yet available
on the residual cytogenetic effects of ionizing radiation
in non-hematopoietic tissues, and there may be a
lasting dose-effect relationship detectable in cells with

a slow turnover time.

The final discussion centered on what the subject
should be told about the cytogenetic findings. This
was of special pertinence since it is not clear that
the presence of isolated structural chromosomal
aberrations is harmful. Dr. Makino recommended a
long-term program of education of the populations
of Hiroshima and Nagasaki to increase the level of
understanding about genetic and cytogenetic material.
From an immediate point of view, however, it was
held undesirable to alarm the people by citing the
presence of rings or dicentrics in their leukocytes,
since these terms have no meaning to the subject. It
was the consensus that some information which would
be helpful to the subject (such as his hemoglobin or
hematocrit level) should be provided; but that there
was no need to make reference to the cytogenetic
findings. This problem will be further explored in
coming months with the contactors and others in the

Department of Medical Sociology.

It was suggested that a second Cytogenetics
Symposium might be held in 1 or 2 years, or as soon
as the steadily increasing ev'd:nce raises important

new questions for consideration.
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SUMMARY

With the continued development of the Cytogenetics
Laboratory during the past year, considerable interest

has been stirred in this particular area of activity at
ABCC.

The Cytogenetics Symposium held at Hiroshima
ABCC on 19-20 June 1967, reviewed with the invited
Japanese geneticists and the ABCC staff the current
status of the cytogenetics program. The results of the
first study based on the ABCC-JNIH Adult Health
Study sample indicated that heavily exposed survivors
who were under 30 years of age at the time of the
bombs still harbor chromosomal rearrangements in
their beripheral leukocyte chromosomes. Data more
recently obtained on exposed survivors who were over
30 years of age indicate a still higher proportion of
aberrations in their circulating leukocytes, largely of
the so-called stable type. The presence of what appear
to be distinct clones of cells with a specific cHromo-
somal abnormality in each of four heavily exposed
survivors suggests that some lymphocytes, or lympho-
cyte precursors, from the pool of immunologically

competent cells do divide in vivo. The continued
identification of subjects with residual aberrations
may allow assessment at a future time of the effect of
somatic mutations on the survivors in terms of the
development of clinical disease, especially neoplastic

disease.

The major new study begun in the past year involves
the F1 As
in considerable detail, the

a cytogenetic approach to generation,
discussed at the Symposium
effect of ionizing radiation on the meiotic, or germ

cell, chromosomes may be the induction of balanced

chromosomal rearrangements which would be trans—
missible to clinically normal offspring. In order to
detect an existing effect, several thousand children of
exposed parents may need to be studied cytogenetically.
It is likely that this study will require several years
for completion.
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