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ABSTRACT

In order to evaluate delayed effects of radiation on pathological immune response
an attempt was made to detect antibodies in the serum of atomic bomb survivors against
kidney, liver, and parietal cells from rats. The following results were observed.

Analysis of changes in antibody detection frequencies by age and exposure dose
without considering sex showed that the rates for those exposed to 100+ rad showed
a trend to increase with age for all three organs (P<0.01). However, in the 0 rad
group, a significant trend to increase with age was noted for anti-kidney and anti-
liver antibodies only (P<0.01 for both).

Analysis of changes in antibody detection frequencies by sex, age, and exposure dose
showed that the detection frequencies increased significantly with age for all three or-
gans in males exposed to 100+ rad (P <0.05), but only the anti-liver antibody frequency
increased significantly with age in males in the 0 rad exposure group. Females failed

to shown any statistical changes in any exposure group.

It has been demonstrated that transitory dis-
orders occur in the immunologic mechanism as
acute effects of radiation. There are also a large
number of studies suggesting the development
of immunologic dysfunction as a late effect of
exposure to ionizing radiation. At present, it is
unknown to what extent immunologic dysfunc-
tion exists in A-bomb survivors in Hiroshima and
Nagasaki. If there is a long-term impairment of
immunologic competence in A-bomb survivors,
the consequences of this dysfunction would be
serious from the viewpoint of oncogenesis, ag-

ing, resistance to infectious diseases, and de-
velopment of autommune diseases.

With the aim of detecting late effects of
radiation, a number of studies in the field of
immunology have been and are being conduct-
ed on a study sample in Hiroshima and
Nagasaki*''®, No correlation with radiation
exposure has been found for the major erythro-
cyte antigens, parietal cell antibody, hepatitis-
associated antigen and antibody, or serum anti-
body titer of EB virus antibody"*®. Recently,
one of the research projects investigating the
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Adult Health Study (AHS) sample was expand-
ed to clarify whether the HB antigen titer is ex-
cessively high in the group exposed to 100+ rad.
The results obtained to date suggest possible
radiation effects”. Serum immunoglobulin levels
(IgG, IgA, and I M) in A-bomb survivors were
found to be within normal limits'”. A study of
the response of serum antibody to Asian influen-
za vaccine suggested impairmant of antibody
synthesis against one of the influenza viruses
which was prevalent in Japan around 1945,

Several types of antibodies have been found
in the AHS sample’. However, the total fre-
quency of antibodies in this sample, and its rela-
tionship with age, sex, and radiation exposure
have remained unclear.

As part of a research project to assess delayed
effects of radiation on humoral immunity, an at-
tempt was made to detect various organ-specific
antibodies in the serum of A-bomb survivors.
The results of the comparative study of the de-
tection frequencies of these antibodies, conduct-
ed in relation to sex, age, and radiation exposure
dose will be reported here.

MATERIALS AND METHODS
The base population for the antibody im-
munofluorescent assay consists of all A-bomb
survivors exposed to 100 rad or more, who un-
derwent the AHS examination cycle 9 (1974—176)
in either city and whose plasma and serum
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specimens are cryopreserved. Their controls (0
rad group) were matched by age and sex (Table
1).
Immunofluorescence Method

Anti-kidney antibodies, anti-liver antibodies,
and anti-parietal cell antibodies were detected by
the immunofluorescence method. Kidney, liver,
and stomach were removed from a rat and
frozen by Cryoquick to form one block of the
three organs. Then, the block of three organs
was sliced with Cryostat, and mounted on a
slide.. The prepared tissue sections were placed
in a wetting chamber, and one drop each of the
undiluted serum was placed on the three-organ
specimens and allowed to react at 37°C for
30—45 min, after which the sections were
washed for 15 min in a phosphate buffered sa-
line (PBS). After removal of the excess solution,
they were again placed in the wetting chamber,
and one drop of FITC-labeled antihuman IgG
(antihuman IgG-FITC) was placed on each or-
gan specimen, and incubated at 837°C for 30—45
min. After washing in PBS, the sections were
embedded in glycerin and examained under a
fluorescent microscope. Positive control serum
obtained from a patient with systemic lupus
erythematosus (SLE) was used as the standard
of determination in each test.

The nucleus of liver cells dyed diffusely with
SLE serum in the present experiment, while
fluorescent staining was observed on a part of

Table 1. Composition of Study Population

Age at

A Dose in rad Male Female Total
examination

<40 0 25 31 56

100+ 17 29 46

Total 42 60 102

40—49 0 58 93 151

100+ 65 99 164

Total 123 192 315

50—59 0 31 96 127

100+ 28 94 122

Total 59 190 249

60—69 0 43 65 108

100+ 52 71 123

Total 95 136 231

70< 0 42 59 101

100+ 39 52 91

Total 81 111 192

Total sample 400 689 1089
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the cytoplasm as well as on the nucleus of parie-
tal cells of the stomach and kidney cells. Serum
which showed a similar stainability was assumed
to be autoantibody-positive.

RESULTS

Antibody detection Frequencies

The increasing trends of the detection frequen-
cies for the antibodies corresponding to each or-
gan are shown in relation to sex and age in (Fig.
1). When single regression analysis was applied
to the age-specific detection frequencies for each
organ and the trends of the regression coeffi-
cients were examined, a trend to increase with
age was seen for all three organ antibodies.
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Fig. 1. Trends of detection frequencies for anti-
bodies in serum by sex and age

More particularly, in males this trend was sig-
nificant for the three organs (kidney and
stomach P<0.01, liver P<0.05).
Antibody Detection Frequencies in Relation to
Exposure Dose

Male exposed to 100+ rad showed a higher
antibody detection frequency in all three organs,
while the reverse was found to hold in females.
Females in the 100+ rad group showed a low-
er rate than the 0 rad group, but there was no
significant difference in relation to sex by ex-
posure dose. For sexes combined, the detection
frequencies showed no significant difference be-
tween the 0 rad group and the 100+ rad group
(Table 2).
Antibody Detection Frequencies by Age and Ex-
posure Dose

Since the detection frequencies for antibodies
were found to increase with age as shown in
Fig. 1, further analysis was conducted in rela-
tion to exposure dose and age. As indicated in
Fig. 2, the detection frequencies for anti-kidney
and anti-liver antibodies increased with age in
both the 0 rad and the 100+ rad groups
(P<0.01). Although antigastric mucosa antibod-
ies failed to shown any definite changes in the
detection frequency with age for the 0 rad group
(P>0.1), in the 100+ rad group there was a sig-
nificant increase with age (P<0.01).
Antibody Detection Frequencies by Sex, Age,
and Exposure Dose

The analysis of trends presented in Fig. 3 was
reviewed by sex, age and exposure dose. In-
terestingly, the 100+ rad group of males showed
significant increasing trends in antibody
detection frequencies with age for all organs

Table 2. Detection Frequencies for Antibodies in Serum by Sex and Exposure Dose

Organ Male Female Total
Dose in Number of Detection Number of Detection Number of Detection
rad specimens frequencies specimens frequencies specimens frequencies
of possible of possible of possible
cases cases cases
Kidney 0 196 4.59% 343 7.58% 539 6.49%
100+ 199 6.53 343 4.08 542 4.98
Liver 0 196 9.18 343 11.66 539 10.76
100+ 199 10.05 343 9.91 542 9.96
Stomach 0 196 7.14 343 9.04 539 8.35
100+ 199 10.05 343 7.29 542 8.30
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Fig. 2. Trends of detection frequencies for anti-
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(P<0.01). The 0 rad group showed a significant
increase only for the liver (P<0.01). In females,
the increasing trends of antibody detection fre-
quency with age were not statistically signifi-
cant, despite differences in exposure data.

DISCUSSION

In order to evaluate the late effects of radia-
tion exposure from an immunologic standpoint
using serum specimens obtained from A-bomb
survivors, the frequency of detecting antibodies
was examined in relation to sex, age and ex-
posure dose. As a result, when viewed in rela-
tion to sex and age, the antibody detection
frequencies showed a trend to increase with age
for each organ used (kidney, liver and stomach).
This trend was especially clear in the case of
males, but not in females. It is conjectured that
this difference in the trend of detection frequen-
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Fig. 3. Trends of detection frequencies for antibodies in serum by sex, age and ex-
posure dose
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cies between males and females may reflect cer-
tain effects occasioned by pregnancy in female
groups.

In order to investigate the effects of A-bomb
exposure, it is probably most reasonable to ana-
lyze the data on males. Among the male group
exposed to 100+ rad, a significant increasing
trend in antibody detection frequencies for all
three organs has been observed with age,
though the 0 rad group also showed a signifi-
cant increasing trend for the liver.

It has been reported from animal experiments
that both young and old animals whose T cell
dependent-type immune activity is low are sus-
ceptible to the long-term effects of
radiation'*'®. There are few reports dealing
with this matter in humans, either at the whole
body or cellular level. There is only a report
resulting from experiments by the present in-
vestigators, that there may be an accelerated
decrease with age in cellular immunity in the
heavily exposed group (100+ rad) as compared
with the 0 rad group®. Therefore, at this time,
the present findings suggest that there is not
enough evidence to shows that a radiation ef-
fect on the antibody detection frequencies is as-
sociated with acceleration of immunologic aging.

Continuation and extension of such basic
research on human immunologic function in re-
lation to radiation exposure is needed. Unless
such studies are continued, we will be unable to
cope adequately with the acute and chronic im-
munologic disorders in aging A-bomb survivors.
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