IRE

e it

i

it

Tt

LLFiLE

LR RE _ R
BRI Eh e HEEEE R e
FHE FER e il
: :

1

=] ...Tm...: EEEE LI
o prme i
11 EHEIN B
= | b

{1 el
i -+ 1 o ] I I
H § ] milis
I it _ i
Mmh : i
TIEEHT i’ 1

i
i
T

Hoi e

B IiNRieN i
EEEIE Fhne
o} Bl
Bl e (25|
- HHEE -

i =
e O

R




TECHNICAL REPORT SERIES
2 B B & & &

The ABCC Technical Reports provide the official bilingual statements required to meet
the needs of Japanese and American staff members, consultants, advisory councils, and
affiliated government and private organizations. The Technical Report Series is in no way
intended to supplant regular journal publication.

ABCC 2B EHE, ABCCOBAALLUKABPIREA, WM, $8B2, BFLLULR
FMOREEHECERCE L2200 ERBE - L2088 TH 5. ML IR THAGO
hERIINZ O TIE AW,



TECHNICAL REPORT
7-68
¥ | B & =

CYTOGENETICS OF IN UTERO EXPOSED SUBJECTS
HIROSHIMA AND NAGASAKI
fe M B E OMRE&ERR¥EMNHAZR
LB - k&

ARTHUR D. BLOOM, M.D. 1t
SHOTARO NERIISHI, M.D. 1 #ih 8 &R0
PHILIP G. ARCHER, Sc.D.?

-

Approved K3Z 19 April 1968

& uﬁc [

ATOMIC BOMB CASUALTY COMMISSION
HIROSHIMA AND MAGASAKI, JAPAN

A Cooperative Research Agency of

LS. A NATIONAL ACADEMY OF SCIENCES - NATIONAL RESEARCH COUNCIL
and
JAPANESE NATIONAL INSTITUTE OF HEALTH OF THE MINISTRY OF HEALTH AND WELFARE

with Tunds provided by

1.5, A, ATOMIC ENERGY COMMISSION
JAPANESE NATIONAL INSTITUTE OF HEALTH
0.5 A, FUBLIC HEALTH SERVICE

E B # ® B ¥ ¥ A £

o EE R

kEE LR - FW 2 me BEAE LT NS ERE N
Lo B ok RE &SR MM

RERTFHEAZ, MEAGRTTHREREREE FRARLANEROFRRIZLS

Departments of Clinical Laboratories! and Statistics?
ABCCERFR B! & & UHERIEE 2

T Senior Surgeon, US Public Health Service, The National Center for Radiological Health, Population Studies Program, assigned to ABCC
KELRTERBIMBREME > 5 - AOBEEHE LM AR ES T ABCC ~ikR



CONTENTS
B X

Introduction BB B it et i LA R F M SR R SRR W,
Method 5 T e i s e
Results B i T B s e
Summary ) N o - SIS o o B e ol o WS

#
References EE N

TABLE 1. Cytogenetic findings among the in utero exposed, Hiroshima and Nagasaki
EEd L UVEEORAHERSEOMBRIEFNTR .

ACKNOWLEDGMENTS
B0 el

We thank Mr. S. Tida, Mrs. S. Murata, and Mr. K. Ohki for their excellent technical
assistance. We are also indebted to the Public Health Nurses of the Medical Sociology
Department of ABCC for their tenacity in contacting the subjects.

BEHAE S, HMHBILIRSLUPARE -KoERAHMMENIS L TEROEEET S,
%7, ABCCEM %S0 RREO » 242 FIAMEATSRE LDEBLCI LT
Fa kol LTt B#HOBEET 3.

A paper based on this report was published in the following journal
FRECEITCRLETFRICEELL

Lancet 2:10-12, 1968

L R -



CYTOGENETICS OF IN UTERO EXPOSED SUBJECTS, HIROSHIMA AND NAGASAKI
BRERZFOCARREZNRE, BB - BB

INTRODUCTION

The recent demonstrations of complex chromosomal
rearrangements in the peripheral blood lymphocytes of
heavily exposed atomic bomb survivors''? suggested that
those who were in utero at the time of maternal exposure
might also harbor radiation-induced aberrations. The
detection of complex aberrations in first trimester exposed
persons would depend on the presence in the embryo of
lymphoeyte precursors which could transmit the aberrations
to mature lymphoeytes. The detection of aberrations in
persons exposed in the second or third trimesters would
depend on the presence in the fetus of long-lived lympho-
cytes which would be capable of responding to antigenic
stimulation in vitro.?

In an earlier report on cytogenetic findings among a
group of survivors who were in the first trimester of
gestation at the time of the atomic bomb (ATRE),* no
meaningful differences were noted between exposed and
nonexposed persons. However, that group of in utero
exposed were selected on the basis of distance from the
hypocenter and not on the basis of an estimated maternal
radiation dose. When dose estimates became available
for this group,” it became apparent that the mothers of
those studied were all estimated to have been exposed to
well under 100rad. Thus the fetal doses could have
been, and probably were, very low.

It was, therefore, concluded that the in utero exposed
should be reexamined with cases selected on the basis of
the newly available estimates of maternal exposure, and to
include those who were in the second and third trimester
of gestation ATB. Both the higher fetal dose and the
presence of a larger pool of fetal lymphocytes later in
gestation could reasonably be expected to increase the
likelihood of detecting residual chromosome damage, if
any had been induced.

METHOD

For the present study, in utero exposed .subjects were
selected from the In Utero Mortality Sample.® Only
exposed subjects for whom the maternal dose estimate
exceeded 100rad were selected. No control subjects
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were selected specifically for this group, since a large
amount of control data had already been obtained in the
previous study. In addition, all slides in our laboratories
are routinely prepared and read without our knowledge
of exposure status, and in this case, the microscopists
were unaware of the absence of controls in the series.

Subjects were ruled ineligible if they had a history of
malignant disease, of radiation therapy, or of radicisotope
exposure at any time. Subjects with a history of diagnostic
X-irradiation in the preceding 12 months were also
rejected, as were those with evidence of a viral exanthem
on physical examination.

Peripheral blood leukocytes from the in utero exposed
were cultured for 46-50 hours prior to addition of
colchicine.” Once selected under low-power magnifi-
cation (100 x), on the basis of the intactness of the cell
and the gquality of spreading, a cell was by definition

included in the analysis,

Up to 100 cells per subject were examined and karyotyped
directly under the microscope. Cells with definite_ar
suspected structural aberrations, exclusive of single- or

iso-chromatid lesions, were photographed and karyotyped.

All aberrations scored were confirmed by at least two
examiners. Single chromatid and isochromatid breaks
were distinguished from gaps on the basis of displacement
¢ the distal chromatid (s). Dicentrics and rings were
scored as such, whether the rings were centric or
acentric. Translocations were usually detectable as
elongated chromosomes, while pericentric inversions
showed an obvious shift in centromere position. Acentric
or centric fragments were scored simply as fragments,
except when they accompanied rings or dicentries in
which case only the dicentric or ring was recorded.
Detectable deletions were generally terminal, and centro-
mere breaks represented splitting at the centromere.

RESULTS

As seen in Table 1, 38 in utero exposed were studied for
the presence of chromosomal aberrations. Table 1 also
shows the results of the former study for comparison
purposes. Of the 38 in the present series 4 were in the
first trimester of gestation ATB; 23 were in the second
trimester; and 11 were in the third trimester. Twelve
of the subjects were exposed in Nagasaki and 26 in
Hiroshima. Since the proportion of detected chromosomal
abnormalities did not differ significantly by either city,
sex, or trimester, only the combined data are given.
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TABLE 1 CYTOGENETIC FINDINGS AMONG THE IN UTERO EXPOSED, HIROSHIMA AND NAGASAKI
#1 ER&LUEHEORAEEREOMIEEZEZNATR

4 Exposed #1#¥
Item Controls
BHH o EE Previous Study Present Study
B[l o B Sl oo W
Estimated exposure dose
MEER B DI ... 24-85 rad 104-477 rad
Survivors
Total cells examined
B it LR % < T 4678 2000 3643
% cells with 46 chromosomes
BEEHEOBMIBO% 96.2 98.2 97.1
Survivors with one or more complix aberrations*
I BN LB E T TSR i 2(4%) 3(156%) 15(39%)
Cells with: TRORE L HT 38l
Single chromatid gaps or breaks
o — Bt Sk gap F AL UIB. e 84 28 79
Isochromatid gaps or breaks
[R5 1% gap £ 2 X UIHT ..o, 9 7 2R
Rings
Dicentrics =
A PR Ao it s setonfendionll Sl LY 0 4
Fragrnenls
Wi | o, o SR Lo et v e Ve S e U 2 2 11
Translocations
| e NEC ) 1] 1 3
Deletions
Centromere breaks

* Complex aberrations include rings, dicentrics, fragments, translocations.

LRI, BEaE, 2H6E, W sdtEELd .

A total of 3643 cells were examined, of which 19(0.52%)
were found to contain complex aberrations, of the dicentric,
ring, fragment, or translocation types. It is noteworthy
that only 3 translocations were seen in 3 cells(0.08 % of
cells), while 19 dicentrics, rings, or fragments were
seen in 17 cells (0.47% of cells). Of the 38 subjects,
15(39%) had at least 1 cell with a complex aberration,
and no individual had more than 3 abnormal cells. Of
these 15 persons 3 were in the first trimester when
exposed in utero.

Cells from 48 individuals whose mothers were beyond
3000m from the hypocenter, with dose estimates of less
than 1rad, had been previously examined and the results
are shown in Table 1. In that group, only two minute
fragments were seen, giving an aberration frequency of
0.04%. One fragment was seen in each of two controls,
so that 2 of 48, or 4% of the controls had these complex

aberrations. Similarly, among 94 control individuals

GT364EoMiaE:mEL,
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under 50 years of age,! only a single fragment had been
seen in 8847 cells, for a frequency of 0.01%. In the in
utero exposed group of the earlier study, which we
subsequently found to have been exposed to less than
100 rad ATB, two fragments and one translocation were
seen (Table 1) for an aberration frequency of 0.15%
of cells.

It is pointed out that in the first study leukocytes had
been cultured for 66-70 hours. This had been the
standard culture time in this laboratory. Since then, the
46-50 hour culture time has been used. However,
Honda et al® have found no significant difference between
the frequency of chromosomal-aberrations in 2-day and
3-day cultures prepared in our laboratory. Thus, com-
parison of the results from the two culture times
seems justified.

Estimates of the doses received by the mothers of the
present series of 38 in utero exposed subjects ranged
from 104 to 477rad. The dose which the fetus actually
received was undoubtedly a small proportion of the
maternal dose and the proportion no doubt varied .from
case to case. Nevertheless, the proportion of abnormal
cells was found to increase from 0.37% among those
whose mothers were exposed to doses hetween 100 and
150 rad, to 0.77 % among those whose mother’s estimated
dose was over 300rad. While the percent increase of
aberrations with increased dose was not statistically
significant, the results were consistent with a positive
dose-response relationship.

It appears from the types of abnormalities seen that
some of the examined cells were in their first post-
exposure division. Two of the dicentrics and one of the
rings were found to have associated fragments, indicating
that no division had occurred since formation of the
ring or dicentric.” This suggests that lymphocytes
formed in early fetal life may have the capacity for
long-term, perhaps lifelong, survival. That these lympho-
cytes respond to the antigenic stimulus of phvtohemag-
glutinin (PHA) indicates that they are a part of the
immunologically competent small lymphocyte population.!

It has been shown that in the human fetus, the immuno-
globulins Ig G and Ig M are actively synthesized after the
20th week of gestation.!! The production of these
globulins is largely confined to the lymphoid cells of the
spleen, with the proportion of immunofluorescent cells in
the thymus being very small. Thus, the spleen appears
to be a major site of activity of fetal, immunologically
committed lymphocytes. It is reasonable to assume that
at least some of the affected cells seen in those persons
exposed in the second or third trimester were in the
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spleen ATB. This suggests, in turn, that the spleen is
perhaps the primary source of cytogenetically abnormal
lymphocytes in irradiated humans.

It is likely that the stem cells for the immunologically
competent lymphocytes are present in the first trimester
of gestation. The presence of lymphocytes with rings,
dicentrics, and fragments in three first-trimester exposed
individuals suggests that lymphocyte precursors, in either
the thymus or bone marrow,'? were initially affected.
The population resulting from the divisions of these stem
cells apparently maintained the chromosomal aberrations
through many cell divisions, while retaining the property
of responsiveness to PHA.

It is of interest that the data obtained in the present
study were very similar to that obtained from the earlier
study of young survivors directly exposed to the A-hombs.!
Among postnatally exposed voung survivors, the frequency
of exchange-type aberrations was 0.6%, with 35% of
studied persons having residual abnormalities. Thus, in
that group and in the present one, we were probably
looking at lymphocytes of the immunologically competent
tvpe, cells which either took origin from affected stem
cells or which were themselves directly exposed.

In view of the sensitivity of lymphocyte chromosomes to
ionizing radiation, it is likely that many other lymphocytes,
not of the immune group, and shorter-lived, were affected
but eliminated. Given the significant increase in size of
the lymphocyte pool during childhood, and the subsequent
reduction of this pool during adolescence,'® many affected
lymphocytes were probably eliminated in the multipli-
cation-reduction process.

SUMMARY

Among 38 in utero exposed survivors of Hiroshima and
Nagasaki whose mothers were exposed to more than 100 rad
at the time of the atomic bomb, the frequency of cells with
complex chromosomal rearrangements was 0.52%. Among
48 controls, the frequency was 0.04%. Of the in utero
exposed survivors 39% had these aberrations, while 4%
of the controls had them. These results suggest that both
lymphocyte precursors and mature, immunologically com-
petent lymphocytes were affected in utero by the ionizing
radiations of the A-bombs.
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