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SUMMARY. A total of 243 heavily exposed survivors of the atomic bombs of Hiroshima and Nagasaki, and
213 distally exposed controls of all ages were examined cytogenetically. Using a 2-day-culture method, it was
found that there was an increase in the frequency of cells with radiation-induced chromosome aberrations
proportional to radiation dose. Cells with stable type aberrations, such as translocations and pericentric
inversions, predominated, although cells with dicentrics and rings were also present to a lesser degree. All these
aberrations were greater in frequency in the exposed than the controls. In vivo clones of aberrant cells were
seen in 14 heavily exposed persons. A difference was noted between the’two cities in the frequencies of stable
and unstable aberrations in each dose group. The reason for this discrepancy is not known at present.
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INTRODUCTION

It is well known that cells with radiation-induced chromo-
some aberrations persist in the circulating blood in man
long after exposure to ionizing radiation' (see the United
Nations Scientific Report, paragraphs 216-251, 1969).
Although it has been confirmed by many in vitro experi-
ments that the frequency of aberrant cells caused by ionizing
radiation is related closely to the radiation dose administered,
it is still unclear whether or not the relation is also
demonstrable in somatic cells long after in vivo irradiation.
Bloom et al ? suggested from a cytogenetic study, using 3-
day-culture of circulating lymphocytes from older survivors
of the atomic bombs of Hiroshima and Nagasaki a possible
correlation of increased frequency of chromosome aberra-
tions with the estimated dose. A similar trend was also found
by Ishihara and Kumatori® in cultured blood cells from
fishermen exposed to nuclear fallout from the explosion at
Bikini.

Recently, Sasaki and Miyata® have shown that the frequen-
cy of both stable and unstable chromosome aberrations in
circulating lymphocytes provides a reasonably good estimate
for absorbed dose in A-bomb survivors of Hiroshima,

The present report is a preliminary description of a further
chromosome study of A-bomb survivors of Hiroshima and
Nagasaki, in an attempt to clarify the relation between the
frequency of cells with radiation-induced chromosome
aberrations and estimated dose.

MATERIAL AND METHODS
Selection of the Sample

The individuals on whom cytogenetic studies were
conducted were selected on the basis of tentative dose
estimates™® from participants in the ABCC-JNIH Adult
Health Study. This population sample comprises A-bomb
survivors and nonexposed comparison subjects resident in
Hiroshima and Nagasaki described in detail elsewhere.”*

Subjects who reported receiving fluoroscopy, radiation
therapy or radioisotope exposure at any time were excluded
from the present study. All who received any diagnostic
X-radiation other than chest roentgenography at ABCC in
the preceding vear were also excluded. With these exclu-

sions, we were able to examine 130 proximally exposed
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individuals in Hiroshima and 113 in Nagasaki both males
and females whose estimated doses were greater than 100
rad. For comparison, 134 distally exposed in Hiroshima and
79 in Nagasaki with estimated doses of less than 1 rad were
studied.

The proximally exposed individuals were further divided
into five groups according to their estimated doses: i.e.,
100-199 rad, 200-299 rad, 300-399 rad, 400-499 rad and
more than 500 rad, to see if any dose-aberration relation
could be discerned. Individuals with an estimated dose of
over 1000 rad were excluded from consideration, The study
herein reported covers the period from January 1968 to
February 1969.

METHODS

Peripheral blood samples obtained from each person were

cultured according to minor modifications of the method of

Moorhead et al’ and Bloom and lida.!" The culture was .

terminated for microscopic examination after not longer
than 54 hours of incubation, with colchicine being added 2
hours before harvesting. Therefore, most of the observed
metaphases were most likely in the first in vitro cell

division,*-1?

All slides were given a code number, and were observed
without knowledge of exposure status. An attempt was
made to examine 100 metaphases in each case. However, the
average number of cells examined per person was 99 in
Hiroshima and 94 in Nagasaki, because there were a few
cases with poor mitoses in which 30 metaphases were the
minimum number accepted for the present analysis. The
chromosomes were grouped directly under the microscope.
All of the cells with definite or suspected structural
aberrations detected by direct microscopy were photo-
graphed for karyotype analysis, Chromosome aberrations
were confirmed in the final analysis by at least two senior
cytogeneticists.

The classification of chromosome aberrations used here
was basically the same as that described in other studies
(c.f. UN Report, 1969, paragraphs 24-50).! However, the
aberration referred to as “deletion” used throughout the
present study is similar in nature to “SD” described by
Ishihara and Kumatori.'*'® This abnormality might he
caused either by a terminal or interstitial deletion of a
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chromosome, or by part of a reciprocal translocation. The
former is more likely to be the product of at least first
postirradiation cell division resulting in the loss of the
deleted chromosomal material, while the latter is an

exchange aberration of unidentifiable type.

Cells with single and iso-chromatid aberrations were not
included in the present data, since these aberrations are
considered to be of little importance in the evaluation of late

radiation effects on somatic chromosomes in vivo.»'*

Analysis of our findings was based on the number of cells
with aberrations rather than the number of aberrations per
se, Furthermore, cells with exchange aberrations were also
scored separately to test for a dose-aberration response

relationship.

RESULTS

The cytogenetic findings are summarized in Table 1. Tlte
difference in the frequencies of cells with aberrations
between control and exposed groups in both cities is
striking: while 1% of control cells in both cities had one or
more chromosomal aberrations, 7.7% of cells from heavily
exposed Hiroshima survivors and 2.8% of cells from
Nagasaki survivors were abnormal. Figure 1 shows the
distributions of percentage aberrations for individuals within
exposure groups in Hiroshima. The distributions overlap a
great deal. However, among the five exposure groups, the
average percentage of cells with aberrations as well as the
percentage of cells with exchanges increases as the dose

increases.

It is worth mentioning here that the frequencies of cells
with unstable acentric fragments did not always increase
with increasing dose except among the higher dose groups
in Hiroshima, This suggests that an unknown proportion of
cells classified as acentric fragments might arise from
terminal deletion, and may mnot be related to radiation-
exposure but are artifacts resulting from the technical

procedure.

Of the aberrant cells scored, the preponderance of cells
with translocations and pericentric inversions, or stable
type aberrations, was striking in every dose class, and these
aberrant cells constituted the major component contributing

evidence of dose-aberration relation. In contrast to cells
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TABLE 1 CYTOGENETIC FINDINGS IN HIROSHIMA AND NAGASAKI A-BOMB SURVIVORS

#=1 [FES LU EROFREBHES ST 2 MRS EENER
- e | P R e e
Exposure | Mean | Cells Number of cells w1th Total
group dose |Sumeet5| seaiied | 5 OE A ‘ Total Exchanges
i e |Ti’1]] ot ID Srvel T | @ % | oAF iR 5
(rad) (rad) M*,{ﬁfmﬁwm dictr | ace | ttiv | del & | EREH
HIROSHIMA [ B

D‘“‘“ﬁ S,S/")‘ 134 13289 | 24 (.18) | 28 (.20 | 80 (.60) | 12 (.09)‘ 144(1.08) | 106 (.80)
Total i , ,

2. o | |
Cxposed(%) | 252.4| 130 | 12852 | 74 (.58) | 34 (.26) | 809 (6.29) | 71 (.56) | 988 (7.70) | 893 (6.95)
100- 199(/o)| 144.9 | 59 5850 | 24 (.41) | 15 (.26) | 199 (3.40) | 20 (.34) | 258 (4.40) | 226 (3.86)
200-209(%) | 243.0 | 36 3574 | 20 (.56) | 7 (.20) | 226 (6.32) | 23 (.64) | 276 (7.72) | 248 (6.94)
300-399(%) | 352.8 | 18 1750 | 18 (1.03) | 4 (.23)| 157 (8.97) | 12 (.69) | 191(10.91) | 178(10.17)
400-499(%) uzz| 1 1060 | 8 (.75) | 4 (.37) | 117(10.94) | 10 (.94) | 139(13.00) | 126(11.79)

i - i |
500+ (%) | 716.51 6 600 | 4 (.67) 4 (.67) 110(18.33) | 6 (1.00) | 124(20.67) | 115(19.17)

NAGASAKI £ I3
Distal ( 1
S 79 7418 | 17 (2| 17 (2| 25 (30| 10 13| 69 (o3| 44 (.59
% |
Total % i
2een R JiE) T 10478 | 28 (.27) | 32 (.31) | 203 (1.94) | 29 (.28) | 202 (2.79) | 236 (2.25)
100-199(%) | 142.3| 47 | 423 | 11 (25| 11 25| 338 7)) | 6 (14| 61 1.38) | 4 (.99
|
200-299(%) | 246.7 40 3791 | 9 (.24)‘ 14 (.37)‘ 66 (1.74) | 14 (.37) | 103 (2.72) | 79 (2.08)
300-399(%) | 350.4| 12 1051 | 3 (‘29)‘ 3 (29| 1210 | 1 (10| 19 (1.8D) | 15 (1.43)
_ | _
400-499(%) | 436.1| 10 847 | 4 (4T)| 3 (.35)| 46 (5.43)| 8 (.94) | 61 (7.20) | 51 (6.02)
|
500+ (%) | 636.0| 4 Ll L] (.27)‘ 1 (20| 46(12.57) | 0 48(13.11) | 47(12.84)
dic: dicentric (and multicentric); r: ring; ace: acentric fragment; t: rec1pr0cal translocation;

inv:
dic :
del :

pericentric inversion; del: deletion
CEE R E A (S L U EE R ),
&S

with stable type aberrations, the cells with dicentrics and
rings, or unstable type aberrations, were less frequent,
though there was a suggestive increase with increasing

dose.

Clones of aberrant cells in vivo, each of which consisted of
at least two or more cells with an identical abnormal
karyotype from one individual, were seen in 14 exposed
cases, 10 in Hiroshima and 4 in Nagasaki, and none were
seen in the controls, The aberrations detected in all of these
cases were of the stable type, that is, translocations,
pericentric inversions and occasionally deletions. Clones
were found more frequently in heavily exposed persons: of
the 14 clone formers, 11 received an estimated dose of over
200 rad, the remaining having received 100 to 299 rad.
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Figure 1 DISTRIBUTION OF CELLS WITH ABERRATIONS BY DOSE IN A-BOMB
SURVIVORS OF HIROSHIMA
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DISCUSSION AND CONCLUSION

Qur cytogenetic findings support recent evidence that the
vield of cells with radiation-induced chromosome aberration
Of parti-
cular importance in our study is the fact that not only does

is directly related to the radiation exposure dose.!

a difference exist in the frequencies of aberrant cells
between control and A-bomb survivors, but also the dose-
aberration relationship is demonstrable in these survivors
over a range of radiation doses, more than 20 years after

exposure,

The cells with unstable type aberrations such as dicentrics,
rings and terminal deletions (or acentric fragments) have
been widely used as a sensitive indicator to measure
absorbed radiation dose in cultured human lymphocyte
system both in vivo and in vitro.! On the other hand, it has
asserted that the use of cells with stable type aberrations is
rather unreliable in evaluating the relation between exposure
dose and the yield of aberrations.'

Nonetheless, Sasaki and Miyata® suggested the feasibility
of using cells with stable type aberrations to estimate the
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ahsorbed dose in A-bomb survivors of Hiroshima, The data
presented here also show a positive correlation between an
increasing frequency of stable type aberrations and increas-
ing dose.

The predominance of stable type aberrations over the
unstable type aberrations suggests that cells with unstable
aberrations probably would have been eliminated from the
lymphocyte population in vivo after A-bomb irradiation
through mitotic events, since there is no reason to expect
the preferential formation of stable aberrations when the

cells were exposed fo radiation.

A comparison of the data from Hiroshima and Nagasaki
shows a difference between the two cities in the frequencies
of aberrant cells in each dose group. Judging from the
frequencies of cells with dicentrics and rings, whose features
are most objectively and easily compared, there is no
difference in the control values, approximately 0.2% in both
cities (see Table 1). But in every dose group among the

proximally exposed, the frequency of aberrant cells was.

higher in Hiroshima than in Nagasaki, It is not clear
whether the difference between the two cities is real or
not. If present, it may in part be ascribable to the difference
of the radiation spectrum: the ratio of neutron to gamma
was from 1:3 to 1:5 in Hiroshima, while gamma radiation
contributed almost the total dose in Nagasaki.®* Only with
the accumulation of more data will we be able to determine
whether the differing frequencies are related to differences
in the relative biological effectiveness of neutrons compared
with gamma radiation, an approach suggested by other
recent reports from ABCC with respect to epilation, bleed-

ing, leukemia incidence and radiation cataract,'’'?

There were 14 cases of clone formers, 10 in Hiroshima
and 4 in Nagasaki, each with at least two or more cells
having an identical stable iype abnormal karyotype.
However, it is possible that the apparently identical chromo-
some aberration detectable in two or more cells in the same
specimen could have arisen as independent phenomena, and
merely resembled each other superficially. This can only be
confirmed by a repeat examination of another sample from
the same individual taken on another occasion, using one of
the newly developed techniques that can identify each
chromosome pair quite precisely.!”*' The biological
implication of the abnormal lymphocyte clone among

circulating white blood cells remains unclear; whether

THAHZEEHRBLTVS, AREOERTL, MEDHEIN
LEEMEE OFE L O IEOHRMEESER S,

PRREMBEFCHALERRF RS LS C LT, B
B <, AEENER 2R Hl s R IR M ORE Y
BUTHEEANDY vAREM-BEELLEZLEFRTLIOL
Bibha., E3 0, MIREAKSHHCERL CRG, KE
TUEFE OIS MERMIC L ) BRI NS EF 2 2t

tLrbTHAS.

EERSLUEBGOoEROREZL ), WFhOoRERT
L, BRiEREOBECRE - TLMTHCERDH S Z LHFE
bt hEENCHOEBICTHEL 5 5 L0 5 R
15 ZBREERE S & SRR E AL R IR ORI
DT B, R T & LIRF0.2% Th- TE
FuisEsbhioy GE1E2R). LaL, EEsEz T,
WThORERCECTLETHROFEIRER I D LERE
DT EH - o, EHOHO - OFERSECEET L 0E
PBIINBTHS, LLEETILTRE, T0ERO—
X, HEHRAS2 b ADRICHE ELELLRD L EETIR
TR e vy <3t OHEMRT : 37w 1 : 5 THak
oL, BT, ¥FY<iEERREORBS Y HHTH
T SHBELICERANEENSL Z 2T Lo TO&K, HHEE
OENPEETHRE LU0 7 v ~ RO AN SRR RO ER
LEETALONGEHARETEATHA . MLy
IR BT 2 mENE, BB, Wi, BIMHEERERS LUK
IHEPARZET 2 B0 ABCC Ol #Hifc L - TRERS
hizbDTHE.E

7 r—VREEEIUFEDS SR, 5 bIEENI0A, Rk
47T, Thehis, [A—owelgRERE 4 = Mg 2
Pl L 2L ESH- 7, Linl, —20ERICE T,
AR FE—oREafRET 2 B LofigcEsbnic s L
Th, ThiblfEo#Ee: L TECLOT, SRENT
HULTWieTEL i o EdbEZORE, ZO0Z
L, ol cheM—oN$ENLH bl TEAY R
L, SeRH L < Rms Lo REERof ity BRI AT
BETEZFHE Y O—Don VW THRET 2 LT b
THLMCTELLOTHL, HROEFOBRIMFRTZLH
BEWYVAROD S r— T T 5 EWEN RSN
BBTH2; 0L 5y m—val, FREEEERE, BN



such clones may be of importance in relation to the etiology
of malignant neoplasms and other clinical entities developing
in persons long after exposure to A-bomb radiation, remains
to be seen and can be ascertained by continued surveillance
of the popualtion at risk.

The present study provides no information on those who
received relatively low dose exposure, at doses ranging
from 1 to 99 rad. The study of this group has become
increasingly important to clarify the late somatic effect of
atomic irradiation in man because of the abundance of such
people in Hiroshima and Nagasaki. Also, low dose exposure
from medical sources approximate this lower level of
irradiation, and this group is therefore of particular
practical concern.

A further detailed analysis from the statistical and cyto-
genetic points of view will be given fully elsewhere in the
future to further clarify the dose-chromosome aberratich
relationship in somatic cells of A-bomb survivors. These
studies will also include those who were not exposed and

those who received low dose exposure,

APPENDIX
Probability Model

Let N be the number of cells examined for each person
and X be the number of abnormal cells in N cells, Then for
a given subject with the true fraction p of abnormal cells

p(X=x[p)=

For each exposure group, we assume that the fraction of
abnormal cells is distributed as a beta distribution.

Then, for each exposure group, we have the probability
function of X as follows:

p(X=a)= | p(X=zlp)
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APPENDIX TABLE 1 MOMENT AND MAXIMUM LIKELIHOOD ESTIMATES OF
THE PARAMETERS « AND 8

1

E— AV PR X UEOREEEEIC L Bals L U452 — 2 — OREEE

Moment |  Maximum Likelihood
Exposure Status £ A Y bEEHEEIE T B T HE 5
L + =y N T e TR T
® OB OR O 2 5 ‘ 2
Dﬁg?hé3§%“p | 2.222 568. 4 2.363 ‘ 604.6
100 - 199 rad 6.135 876.7 7.764 1109.5
300-399 rad | 11.300 823.9 ‘ 1506.5

| 20.662

APPENDIX TABLE 2 OBSERVED VS THEORETICAL PROPORTIONS OF SUBJECTS

WITH 0,1,2------

CELLS WITH UNSTABLE TYPE ABERRATIONS
12 ARERHLFTARLET 2804 EOBEES L O BHrEs

Exposure Status Method Number O%S%H%‘T g?gnﬁt:gt_;lhe;?%%ﬁbermtions
R ] - | ] = T A
e _
Observed | | |
D' ) ] G ‘ﬁﬁ 2}; ;|_Il{ .695 ‘ 244 038 023 |
istal Group | [
| JMoment M. .698 | .22 | .05 | .012 | .002
E B o T ' | S
| M.L.E.
| WK | 697 ‘ 234 | 055 | om0z
Observed | .508 | .339 | .119 | .017 ‘ .017 :
| |
100-199 rad | MomentM.| .516 | .325 | .118 | .032 | .007 & .001 |
M.L.E. | .518 | .329 | .118 | .031 | .007 | .001
I | |
| |
st o e ! 118 | 059 | '
| | | |
300-399 rad | Moment M. .276 | .338 i.ms 105 | .00 | .013 | .004
i .
| ML.E | 267 | 304 | .230 | .106 | .038 | .01l | .003
| _

The effects of radiation on the chromosome aberration
can be analyzed by comparing the p distributions of various
exposure groups, From the distribution of number of
abnormal cells in each exposure groups, two parameters of
the p distribution can be estimated, from which the mean

and standard deviation of the p distributions are calculated,

In order to see how well the above model fits our data,
two parameters of p distributions are estimated by the
moment method and maximum likelihood method and the
theoretical distribution of the number of abnormal cells
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were computed, Appendix Tables 1 and 2 give the theoretical Liz. ff£ 1, 2 kimsmeys 8

BEEOSMERLRL

distribution with the observed distribution. The agreement fz. EVRIER IR L T,

is very close.
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