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In the continued interest of accurately defining the late effects of the atomic bombs, the qualitative and
quantitative characteristics of the A-bomb radigtion exposure doses are periodically refined. If warranted by
future dose assessments, the data reported here will be reanalyzed and subsequently reported.
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The RERF Technical Reports provide the official bilingual statements required to meet the
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SUMMARY

Little is known about immune competence in
atomic bomb survivors. The following results
were observed from this study. T and B cells
showed no change in proportion by age or
exposure dose. The percentage of T cells was
slightly lower in malignant tumor patients than
in the control group. However, it was significantly
higher in the group with chromosomal aber-
rations than in the control group. Phyto-
hemagglutinin (PHA) response of peripheral
lymphocytes decreased significantly with age in
the 0 rad control group and the 200+ rad
exposure group, particularly so in the latter. The
malignant tumor group also showed lower PHA
response than the control group. The PHA
response of the chromosomal aberration group
was significantly depressed compared with that
of the control group.

INTRODUCTION

Radiation exposure as well as aging are important
factors causing a decrease in immune competence
in man. Recently, numerous reports indicate that
immune competence in man decreases after
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TABLE 1 T & B CELLS, AND PHA RESPONSE OF PERIPHERAL LYMPHOCYTES,
NUMBER OF AHS SUBJECTS EXAMINED, 1974-77

#1 THNE, BHIFERUSEMY /38R PHA EBEIC2WTREL &

RAREAEGSEOHK, 19477

Examination

Group T and B Cell PHA Response
Male Female Total Male Female Total
1 Malignant tumor, Definite 6 5 11 5 5 10
2 Malignant tumor, Postoperative 8 30 38 6 23 28
3 Malignant tumor, Probable 6 10 16 3 9 12
4 Chromosomal Aberration 29 48 77 23 38 61
5 Normal, 200+ rad 60 120 180 42 38 130
6 Normal, 100-199 rad 20 124 204 63 99 162
7 Normal, 1-99 rad 42 77 119 36 57 93
8 Normal, 0 rad 135 262 397 102 196 298
9 Normal, not-in-city 1 4 5 1 4 5
Total 367 680 1047 281 519 800

radiotherapy for malignant tumors of various

organs.!™®  However, most of these reports are

gEshtwa. 178

LilL, ThoOfEDIEEA
YReSHEHICLIBETCRLEL, RFEHAICLS

concerned with effects of local rather than a
single whole-body irradiation. It is the consensus
of many scientists at present that Immune
competence in man decreases with age.?" %

Among somatic cells the Iymphocytes are
considered the most sensitive to radiation. Bloom
et al®® and Awa et al** have reported chromoso-
mal aberrations as a long-term late effect of
radiation exposure. The present study on a
sample of A-bomb survivors attempts to clarify
the alteration of immune competence in man as
~along-term late effect of radiation exposure.

MATERIALS AND METHODS

The RERF Adult Health Study (AHS) sample
consists of exposed survivors and their controls.
An exposure dose has been estimated for each
exposed individual. The subjects of the present
study were 1,047 AHS individuals examined
during the 4-year period from 1974-77 in
Hiroshima (Table 1), including all who received
100 or more rad and, as controls, an equal
number of individuals matched by age randomly
selected from those exposed to 0 rad, and
includes 77 individuals previously identified as
having chromosomal aberrations (primary
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exchange-type abnormalities with 10% or more
abnormal cells), and 65 individuals with a
history of some type of malignant tumor (16
stomach cancer, 14 cervix cancer, 12 breast
cancer, 7 thyroid cancer, 3 malignant tumor of
large intestine, 2 lung cancer, 2 malignant tumor
of head and neck, and 9 other cancers —
leukemia, prostate cancer, polycythemia vera,
malignant tumor of salivary gland, etc.}

The proportions of T and B cells in peripheral
lymphocytes were calculated for all subjects, of
which PHA response could be studied for only
800 (Table 1). The average age was 57.5 years
for males and 54.3 for females.

Isolation of Peripheral Lymphocytes. A 5-10 ml
venous blood sample was drawn into a heparinized
syringe and mixed with an equal amount of
phosphate buffer saline (PBS). The mixture was
then added to 3 ml of Conray-Ficoll 400
solution (33.4% Conray, 9% Ficoll400,
Pharmacia, with a specific gravity of 1.077%
0.001) and centrifuged at 4°C for 30 minutes at
1,550 rpm (about 400x G), The layered lympho-
cytes were harvested and washed three times
with Hanks balanced salt solution (HBSS). The
Iymphocytes were resuspended in HBSS to
provide a final concentration of 3-5X 105 celis/ml.

Detection of Peripheral Lymphocyte Subpopula-
tions. For T cell estimation, 0.1 ml of the above
lymphocyte suspension (53X 105 cells/ml) was
mixed with 0.1 ml of 2% sheep red blood cells
(SRBC) suspension prepared freshly. The 2%
SRBC suspension was prepared by washing
commercial SRBC three times with balanced salt
_ solution (BSS) and suspending this in fetal calf
serum (FCS, Grand Island Biological Co.). The
lymphocyte-SRBC mixture was incubated for
15 minutes at 37°C and then centrifuged for §
minutes at 500-800 rpm. After standing for one
hour at 0°C, the contents were gently stirred
and examined microscopically on the hemocyto-
meter. Five hundred lymphocytes and the
number of rosette-forming cells (lymphocytes to
which four or more SRBC are attached) among
them were counted to obtain the percentage of
T cells.

B Cell Estimation. A 0.1 m! lymphocyte
suspension containing 5x 10% cells/ml was mixed
with 0.1 ml of 2% suspension of SRBC-hemolysis-
complement complex prepared with commercial
hemolysin (Toshiba Co.) and fresh human serum

RERF TR 23-81

LEBOEREEOREDS L 065% (HiE16,
FTEEF, JUEL2, PRIRET, ABEREES,
e, EESOBHEER2, RULOMMO#—
B, B AREE, EOME & MR EE, mEFEIREME
EEF) oW TLREEZT > L.

T, FEOLHYYAROTRUBMBOE AL
Sz oW TEEL &4, PHA KISHIE 8006 L
BRELEBE,o2(F1). FHEBIE, F1E57.5%,
K IETH o7

EHMY RO, AREBHRNS ~10m] #
A YEMEHSTCHRRL, SRV v EER
HA(PBS) 2 MATHEHAL /= Conrajr;Ficoll 400
(33.4% Conray, 9% Ficoll-400, Pharmacia, Tk
|1.077+£0.001) 3ml ICEHRL, 47T, 051,550
rpm(#400XG) THEEL . WV i HKEEED,
Hanks balanced salt solution (HBSS) T 3 [H 3%
L. BREEL3I~5X10°@  mliz25&)
HBSS iCBEdL £, ’

A M > NI subpopulation D K H. T #MAz
OHEFICE, B yRIEEEIm{ 5 X108
M/ ml) EEEEESR 2 %y ¥V ikinEk (SRBC) 2
FWO.lml ZEAL . 2% SRBC ZEMWILHMK
SRBC #% balanced salt selution (BSS) ¢ 3@ & i
L, ¥ FaR# (FCS, Grand Island Biological
#8) 2% SRBC L Lz, Y /38 SRBC
OB|ETHEEIICTI5HHEREEH, 500~ 800rpm T
BAMBLLA, 0CTIRMBEL 2%, AEL
o DIMIEL, MIRAHEL ETERLAL. ) VIR
£500M %, 205 5oty FEEEE(SRBC &
AL LA LAY v ) DEIE I THIRRGE &
LT%THEL R,

B;BBECDIE. 5 X106 #ifa ./ mt @V ¥ /SBGE
F0.1ml & THiEED hemolysin (HEH M) R UL M
)75 % Complement source & L TH%L /= SRBC.
hemolysis-complement cpmplgx ) _Z:Vféﬁﬁﬂi 0.1ml



RERF TR 23-81

as complement source. The mixture was incubat-
ed for one hour at 37°C, then kept at room
temperature for one hour and the rosette-
forming cells among the 500 lymphocytes were
counted to obtain the percentage’of B cells.

Preparation of SRBC-hemolysin-complement
Complex Suspension. SRBC thoroughly washed
with BSS were mixed with commercial hemolysin
diluted to the extent that it would not cause
hemolysis and the mixture was incubated at
37°C for 30 minutes. The mixture, washed
three times with BSS, was prepared finally into
2 2% SRBC suspension. To this, an equal volume
of 100-fold dilution of fresh human serum was
added and the mixture was incubated at 37°C for
30 minutes for complement fixation. This
suspension was washed with BSS three times and
a 2% SRBC-antibody-complement complex was
prepared using BSS.

Response of Peripheral Lymphocytes to PHA. A
1-2 ml lymphocyte suspension was centrifuged at
1,200 rpm and, using a test medium (RPMI11640
containing 20% FCS), the number of lymphocytes
was adjusted to 1x10° cells/0.1 ml. To 0.9 ml
of a test medium containing PHA (Wellcome Co.,
10 pl/ml}), 0.1 ml of the lymphocyte suspension
was added and the mixture was incubated for
three days at 37°C in a 5% CO, incubator. For
each sample, a control sample with no PHA
added was prepared. After incubation, the
lymphocytes in each test tube were washed
three times with BSS and 10% trichloroacetic
acid; smear specimens of the sediment were
prepared, stained by Giemsa, and the cells,
having transformed into blasts, were identified
microscopically. The percentage of such cells in
1,000 lymphocytes was calculated to show
PHA response.

RESULTS

Observation of Subjects with neither Chromo-
somal Aberration nor History of Malignant
Tumor. The proportions of T and B cells and
PHA r1esponse of peripheral lymphocytes by
radiation dose are shown in Table 2. In the 397
cases of the control (0 rad) group, the average
proportion of T and B cells was 67.1% and
28.5%, respectively. No difference was noted
among the dose groups. The average percentage
of PHA response cells was 37,5% in the 0 rad
group and 34.5% in the 200+ rad group (.05 <P
< .10).

B, CORSHEEITC T IS ML, ERET
FiIERMBEL, UVrARsORithooyy FER
oK+ %2 TBElAO%E L.

SRBC-hemolysin-complement complex FEREEO/ER.
BSS ¢ LK %L~ SRBC &, FmiEzshw
FEEICHIR L MO hemolysin 2 BET3C T
305 ME%E L7z, BSS T3@EEHR, MEMIZ29%
@ SRBC¥ERIZ LA, ChIHEROPE v LK
0EMMAE 2 M2, 37CTI0FMME LHBELES
#4iT-#. BSS T3 HZEH, BSS T2 % SRBC.

antibody-complement-complex % {EEIL 7=,

PHA (Z3f 2R MM Y > NBRORISEE. U ¥ /95
FHETEL~2ml #1,200rpm ELDGHEL, test media
(20% FCS =41 RPMI 1640) T 110 #1827 0.1ml
(2B L. PHA (Wellcome #8!, 1041/ ml) %
#ir test media 0.9ml % 0. 1ml @) > /SERIEENEIC
MA, 5% COHRBTICTIAMBERELL. &
BEZLIIPHAZMAZwL OB LTAE
Uk, BBETETH, 2RBEDY) »/%8R% BSS AU
W% —VEERTIREESL, RENRFES
fEML, Giemsa He@% 1T T HFERICARNL & BRI
TTHELAL, LWEOMatT O FREERD
HEEHEL, %T PHA RIGHE &L 4.

= R
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TOEE. TRUBMROESE LRBMY ¥/ R0
PHA RS & BEBAE SN %2 DR . HHE
(Orad) 397l O TR U'BMADH & O HH L& 4
67.1% & 28.5%TH->C, HWEGRRBMIIELSZ 5N
Zhok. PHA KISHEOTHIES 0 rad BT37.5%,
200 rad LI EEE( .06<< P < .10) THM.5%TH o 7.
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TABLE 2 PROPORTION OF T AND B CELLS AND PHA RESPONSE BY RADIATION DOSE
#2 BEJAH~THM, BHla0E S KU PHA RInE

T65 Daose in rad

0 1-99 100 — 199 200 +

T cells Subject 397 119 204 180
' % 67.1% 75 66.2t 8.7 662 7.3 66.0f 7.8

B cells Subject 397 119 204 180
% 285% 84 28.7%+ 8.2 284+ 7.4 294+ 84

PHA response Subject 298 93 162 130
% 3752157 34.7+156 369 +15.6 345148

Mean * standard deviation TH) - EikfEE

TABLE 3 T AND B CELLS AND PHA RESPONSE BY RADIATION DOSE AND AGE
#3 SERUVEMINCS - THER, BHAEUY PHA RiSik

Age at Examination

<39 40 — 49 50-59 60 — 69 70+

T cells Subject 36 103 88 92 74
Orad 68.1% 6.5 66.5 + 7.7 67.0% 179 66.6Lt 7.6 68.1+ 7.2

Subject 21 54 26 30
200+ rad 675+ 5.7 659+ 74 659 % 8.6 643t 98 66.7t 6.3

B cells Subject 36 103 88 96 74
0 rad 291+ 84 282% 8.1 273+ 79 2981 8.1 284+ 9.7

Subject 21 54 26 30
200+ rad 304% 78 29.1% 93 283 84 26+ 83 284% 6.8

PHA response  Subject 23 68 77 53
Orad 38.2%159 384 t144 40.1*17.4 3641143 345+17.1

Subject 18 37 16 20
200+ rad 3991143 377125 339+15.3 29.6*16.4 28.1+14.5

Mean *standard devigtion ¥ +FRE

" Proportions of T and B cells and PHA. response
were compared between the 0 rad and 200+ rad
groups by classifying each group into five age
groups {Table 3, Figure 1). The average pro-
portion of T cells tended to be slightly lower and
that of B cells slightly higher in the 200+ rad
group than in the 0 rad group, but the difference
was not statistically significant. There was no
evidence of age-associated change in T and B cell
proportions. PHA response, on the other hand,
was clearly lower in the 200+ rad group than in
the 0 rad group in almost all age groups except
the youngest (Table 3). PHA response, morcover,
decreased with age in the 0 rad group (.05 <P <
.10) as well as in the 200+ rad group (P < .005)
the decrease being more remarkable in the latter
(Figure 1). The difference in regression co-

TRUBHROE &4 Uiz PHA RisfEic2w T,
AOoOEBRB I A, 0radBfl 200rad BLEE®
HEeiton (%3, M), TRUBEROHED
AL, 200 rad L EEECIE 0 rad BZEERTHT
HaHE THIRIRELS, B SwWEREZRL AN,
HEMIC I EETEY. ERII L3 TH 2Bk
DEEIEHESS Lok, L L PHA Bb
13, 200 rad BLEB TR O rad BICHATRLHEY
FRPLRTIFEEREBPASPIIEL 2TV
(#%3). L#%, PHA BetEid Orad BEIZ 0T & 0BG
EHIETL T34 (.05<P<.10), 200 rad b
RTINS PHA RSHEOET (P <. 005) i3,
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FIGURE 1 PHA RESPONSE OF PERIPHERAL LYMPHOCYTES
BY RADIATION DOSE & AGE

1 SEEUEREICZ MM /35RO PHA K6

| 18 Normal 200+ rad
y 40 = 273 39 77 68 Normal O rad
: // = 0 RAD
o / % 7 7
Nl ]
g / % % %"‘ 200+ RAD
‘“ | |
10 | Z; zé éé
AN N m

efficient of PHA response by age between
these two groups was statistically significant
(.01 <P<.05).

Observation of Groups with History of Malignant
Tumor and Chromosomal Aberration. The group
with history of malignant tumor showed lower
T cell and higher B cell proportions and lower
PHA response than the 0 rad group even with
adjustment of the difference in age composition
(Figures 2-4). The group with chromosomal
aberrations showed higher average values for both
T (.01 <P < .05) and B cells but significantly
lower PHA response (.01 <P<.05) than the O rad
group. Since it is well known that the frequency
of chromosomal aberrations is dose dependent,
instead of comparing with the Orad group,
another comparison was made according to dose
level between the groups with and without
exchange-type chromosomal abnormalities at the
level of 10% or more abnormal cells. As shown
in Figure 5, there was no difference in T or B cell
proportions nor in PHA response between the
two groups.

DIFFERENCE .01 <P <.05

LNEAFEIIALSNS (K1), ZOMFEIZET 5 PHA
RGO FERIZ L 5 AR FEROZERIIHKHMNIER
&5 (L01< P <.05).

EMBEOREOH 2HRUVEEFRERDH SRS
SWTOHEE. EMBROERLZITELTATL,
BB EE L 0 rad BEN L TRz & 12K <,
BAlanE|&13# <, PHA ROGHEIX K (B2 —4).
REERBREOH AP CIETMAE (.01<P<.05),
B#ifa FHf 13412 0 rad LD & 32 A7, PHA
RISHEIEEZITEL 2TV A (01<P<.05). #E
REROBE I CHREFEFH 523 RmbNT
WAOT, 0radBE e, 51I210%8E0
REMatt2b0iro0nT, HEFNICKHRLY
RERRENDSAELAVEIIOVTHEL TAHL.
S5IcRLALS, THaVIEBMROEERY
PHA RIS I MEM 2R EED s kv,



CHROMOSOMAL ABERRATIONS, AGE ADJUSTED
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FIGURE 4 PERCENT PHA RESPONSE OF PERIPHERAL LYMPHOCYTES IN SUBJECTS WITH
MALIGNANT TUMOR & CHROMOSOMAL ABERRATION, AGE ADJUSTED
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FIGURE 5 COMPARISON BETWEEN CHROMOSOMAL ABERRATION & NORMAL EXPOSURE GROUPS FOR
T & B CELLS AND PHA RESPONSE PROPORTIONS BY RADIATION DOSE
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DISCUSSION

There have been some reports®*™¢ that whole-
body irradiation causes chromosomal aberrations
in man, though few reports have been made
regarding its effect on immune competence. We
studied the effect of Hiroshima A-bomb exposure
(whole-body irradiation with gamma ray and
neutrons) on immune competence and found
that PHA response of peripheral lymphocytes
decreased with age. The decrease was more
marked in the 200+ rad group than in the 0 rad
group. In other words, the proportion of T and
B cells in the peripheral lymphocytes of heavily
exposed survivors has not been affected by
radiation dose nor by age, however, their response
to mitogen (i.e., lymphocyte function) has
evidently been disturbed. It is not known at
present whether this is the direct effect of
exposure of lymphocytes to A-bomb radiation
or the intensified effect of aging by A-bomb
exposure.

It has been suggested by Fitzgerald®?? that
lymphocytes have a long life span. Qur findings
seem to suggest that the effect of A-bomb
exposure on the lymphocyte function still
persists. Many investigators consider that there
may be a close relation between decreased
lymphocyte function and malignant tumors, and
high incidence of cancer in A-bomb survivors has
been reported.“‘“ Qur findings may provide
an important clue in studying radiation
carcinogenesis.

Liability to infection of A-bomb survivors has
not yet been clearly demonstrated. Kato et al*®
studied antibody titer of EB virus in A-bomb
survivors, but found no significant correlation
with exposure dose. The positive rate of HBs
antigen has been reported high in the heavily
exposed group.36 Further, among in utero
exposed children of A-bomb survivors, a
temporary decrease in influenza antibody-
producing competence has been noted in the
heavily exposed group. Thus, radiation effects
on various aspects of immune competence should
be studied using more sensitive indexes in the
future.
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