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SUMMARY

In order to study the effects of exposure
to atomic bomb radiation on the immune
competence of man, the proportions of
peripheral blood lymphocyte subsets were
determined by an indirect immunofluorescence
antibody assay using monoclonal antibodies
and fluorescence microscopy. The study was
based on a total of 104 Adult Health Study
participants in Hiroshima, including 29 individuals
exposed to 100+rad, 46 exposed to 1-99rad,
and 29 controls of 0 rad.

No change in the proportion of Leu-1 positive
cells (total T cells) and Leu-2a positive cells
(cytotoxic/suppressor T cells) among peripheral
blood lymphocytes was observed with age,
while Leu-3a positive cells (helper/inducer T
cells) decreased with age and HLA-DR positive
cells (B cells and monocytes) increased with
age, being especially remarkable in the oldest
age-group (more than 75). The proportion of
HLA-DR positive cells was higher in males, but
there was no significant sex difference in the
proportions of other cell types. Radiation
exposure did not significantly affect the propor-
tions of Leu-1, Leu-2a, Leu-3a, and HLA-DR
positive cells. No interaction between the effects
of age and radiation exposure was demonstrated.
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INTRODUCTION

Human immunologic competence is maintained
by complex intercellular interactions between
a variety of lymphocyte subsets, macrophages,

etc. Disturbances to such a regulatory mechanism
can lead to autoimmune disease or immuno-

deficiency with the development of wvarious
clinical symptoms. Accordingly, the study of
lymphocyte subsets is important to understand
the mechanism of immunologic ho:neostasis.

Lymphocytes are highly sensitive to radiation
relative to other mammalian tissues and cells,l
and it has been reported that lymphocyte counts
and lymphocyte subsets change following
radiation therapy for malignant tumors of
various f::nrgans.z"3

Evaluation of lymphocyte subsets of A-bomb
survivors may be useful for the elucidation of
the association of carcinogenesis, aging, and
susceptibility to infection with radiation
exposure. Until 1980, changes in peripheral
blood lymphocyte subsets of A-bomb survivors
were studied by using their ability to bind sheep
red blood cells as well as complement receptors
as markers. However, the use of monoclonal
antibodies specific to lymphocyte subsets,
recently introduced by cytotechnology in the
area of immunology, has made it possible to
make more specific and detailed analyses of
the changes in each subset. Accordingly, using
new techniques, including the immunofluo-
rescence antibody method based on monoclonal
antibodies and computer-assisted morphometric
analysis (CAMA), the following items were
studied in A-bomb survivors who received
examinations at Hiroshima RERF between
24 August and 8 October 1981: 1) the changes
in the proportions of peripheral blood lympho-
cytes such as T cells, cytotoxic/suppressor T
cells, helper/inducer T cells, and B cells, and
monocytes, 2) the abnormalities in the chromatin
structure and texture of these cells, and 3) the
changes induced in the chromatin texture after
low dose irradiation of these cells in vitro. The
results of analyses of 2) and 3) using CAMA are
now being reviewed by G.B. Olson (University
of Arizona). Here, as the first report are the
results of fluorescence microscope analysis of
the relationships between the proportions of
lymphocyte subsets, aging, and exposure to
A-bomb radiation.
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MATERIALS AND METHODS

Samples

The study participants were selected from the
Adult Health Study (AHS) population. In the
AHS, medical examinations have been offered
biennially since 1958 to a fixed population
which initially numbered approximately 20,000.

Age at examination and radiation dose (T65DR
total dDSE)4 were classified into three and four

categories, respectively (age: 36-55, 56-75, 76+;

dose: 0, 1-49, 50-99, 100+). Persons not in
Hiroshima at the time of A-bomb (NIC) or
for whom T65DR dose estimates cannot be
calculated were excluded from this study.
Recently the accuracy of T65DR is being
questiﬂned,s’ﬁ however, it is anticipated that
the general ordering of subjects into unexposed,
and low, medium, and high doses will be preserved
under any new dosimetry system.

An attempt was made to select a stratified
random sample of approximately 120 persons
(10 per age-dose category) from among those
who visited Hiroshima RERF for AHS exami-
nations between 24 August and 8 October 1981,
Due to the time constraint and to the age-dose
distribution of the AHS cohort, those aged over
56 years and in the 50-99rad dose category
were limited, although a total of 129 persons
were selected to form the study group. Six
persons cancelled their visits, and four refused
to participate in this study. Thus 119 blood
samples were actually available for testing.
Complete test results were obtained for 108
individuals, since some tests failed (6 cases) and
we could not obtain the necessary information
for 5 cases. These 21 omitted cases were scattered
throughout the age-dose categories apparently
at random. Therefore, it would seem that the
chance that our inferences are distorted by
elimination of these cases is small.

Furthermore, since some diseases are known to
affect the proportions of the lymphocyte subsets,
the disease histories, both before and after the
AHS examination, of the 108 participants were
investigated. Ultimately, analysis was based on
104 persons, excluding four with diseases
considered to affect lymphocyte subsets: One
case each diagnosed as having chronic thyroiditis
and multiple myeloma at time of examination;
one case who died of stomach cancer about four
months after examination; and one case who
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died of pancreas cancer six months after exami-
nation and who was presumed to have developed
cancer before the examination. Two cases, who
had cervical cancer and breast cancer resections
in 1971 and 1973, respectively, were included
in this study, since no clinical abnormalities
were observed at the time of their AHS exami-
nations (conducted 10 years and 8 years after
surgery, respectively) and no relapse has been
observed 4 years thereafter. These two cases
were considered to represent complete cures
and their past cancers were assumed to impart
little or no effect on the test results.

Table 1 shows the distribution of the 104
participants by age, dose, and sex. Since the
number of cases is small in the 50-99 rad dose
group, the cases of this group were combined
with the 1-49 rad group for statistical analysis.
Moreover, since sex was not controlled at the
time of selection, the proportion of males i1s
extremely small which made it difficult to
investigate possible sex effects conclusively.

e HEE TR CIHC L & 1 Fl 2200
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Zrvii B bR

#1113, 104 \OxtRE D FERy, Ak, K THEN 76
LT LOTH B, 50~99rad EETITIER D%
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GBI T . FEIZ, EERICENOREE
Thiah-27=0T, BHEOEHS IO T s, £0D
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R A

TABLE 1 DISTRIBUTION OF STUDY PARTICIPANTS BY AGE
AT EXAMINATION, RADIATION DOSE, AND SEX

#1 AEHMRBEOSM; SWEEFER, RMHEA, XUHE5

Age at Examination

T65DR
36-35 56-75 76+ Total
0 9(3) 11 (2) 9(2) 29 (7)
1-49 9 (3) 8 (2) 11:(3) 28 (8)
50-99 11 (3) 5 (1) 2 (1) 18 (5)
100+ 10 (3) 11 (2) 8 (2) 29 (7)
Total 39 (12) 35 (7) 30 (8) 104 (27)

Number of males is parenthesized. {ELHA I HIER 2R T .

Isolation of Peripheral Blood Lymphocytes

Five milliliters of venous blood were drawn from
each subject, defibrinated using glass beads, and
mixed with an equal volume of phosphate-
buffered saline (PBS) in 15 ml centrifuge tubes
(Corning Co.). Four milliliters of Ficoll-Hypaque
(gravity: 1.077) were underlaid and the tubes
were centrifuged at 400xg for 30 minutes
at room temperature. The mononuclear cells
at the interface were harvested and diluted
with PBS:; the mixture was centrifuged once
at 510X g for 10 minutes and twice at 240X g
for 10 minutes, and the cells were finally
resuspended in PBS at a final concentration of
1% 107 /ml.

KM > /INEO 78
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Analysis of Peripheral Blood Lymphocyte
Subsets Using Indirect Immunofluorescence
Antibody Assays

The monoclonal antibodies used were anti-
Leu-1, anti-Leu-2a, anti-Leu-3a, and anti-HLA-
DR produced by Becton Dickinson Co. Anti-
Leu-1 is a monoclonal antibody specific to T
cells. It responds to more than 95 % of peripheral
blood T cells, but does not respond to B cells,
null cells, monocytes, and granulocytes.” Anti-
Leu-2a responds to cytotoxic/suppressor T
cells® and anti-Leu-3a to helper/inducer T cells
without exceptiun.g Since anti-Leu-2a sometimes
responds feebly to natural killer (NK) cells as
well as cytotoxic/suppressor T cells, and since
Leu-1 does not react with all T cells, e.g., those
identified by sheep red blood cells (SRBC)
receptor, the sum of the proportions of Leu-2a
positive cells and of Leu-3a positive cells exceeds
the proportion of Leu-1 positive cells. Anti-HLA-
DR reacts with B cells, monocyte/macrophages,
and activated T cells.®

First, to 0.1 ml of four different lymphocyte
suspensions (1 X 10° cells) described above,
50ul of each monoclonal antibody (anti-Leu-1,
anti-Leu-2a, anti-Leu-3a, and anti-HLA-DR)
diluted to 1/10 was added, allowed to react at
4°C for 20 minutes, centrifuged, and washed
twice in PBS. Then, 10ul of antimouse IgG
fluorescein isothiocyanate (FITC, 1:10, Tago Co.)
was added to each tube and allowed to react
at 4°C for 15 minutes, after which the mixture
was centrifuged and washed twice before being
fixed with 1 ml of 1% paraformaldehyde. More
than 200 mononuclear cells were counted
under the fluorescence microscope, and the

proportion of membrane fluorescence positive
cells was determined.

METHOD OF STATISTICAL ANALYSIS

Data employed in the analysis were sex, age,
A-bomb exposure dose, and the four determi-
nations obtained through indirect immunofluo-
rescence antibody assays, as described above.
Those determinations were the proportions
of Ilymphocytes identified by monoclonal
antibodies, anti-Leu-1, anti-Leu-2a, anti-Leu-3a,
and anti-HLA-DR.

In this report, effects of the independent variables,

sex, age, and exposure dose on lymphocytes
percentages, the dependent variables, were
studied using analysis of variance and regression
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analysis. Appropriate normalizing transfor-
mations for the dependent variables were selected
by examination of normal probability plots. For
Leu-2a and HLA-DR positive cells, logarithmically
transformed values were used as dependent
variables in regression analyses; since the
percentage of lymphocytes reactive with the
other two antibodies seemed to show relatively
normal distributions, and were used as they were.
Furthermore, regression analyses were augmented
with investigation to detect highly influenced
points, using tools of residual analyses such as
Cook’s distance and studentized residuals.’! The
commonly applied practice at RERF of substi-
tuting 600rad for dose exceeding this value'?
was also employed for the regression analyses.

RESULTS

Shown in Table 2 are the mean, standard
deviation, and maximum and minimum values
for each lymphocyte subset. Leu-1 positive
cells accounted for approximately 50.4% of
mononuclear cells. The proportions of Leu-2a
and Leu-3a positive cells, which together comprise
the peripheral T cell pool, were 15.7% and 42.9%
of mononuclear cells, respectively. HLA-DR
positive cells accounted for 17.7% of the
mononuclear cells.

IEAR M ZE#RIE, ERERRE2BRGE L THEE L Z.
Leu-2a * HLA-DR B¥:Maiz>wTid, dJHER
EEmBITOMIER L LTHWE., o =
DMFIZRIGL 21 ¥ RO E G I3 M IER 75
VWS ERLTVADT, 20T DfHE AW
7o BWIZ, Cook DpREL AF2—FT ¥ ML E N
BEVNDEL) 2BREFHOFELHVWTERO K E
Dol EBEEMTAZIEICEY, BRSO R YT
AHESD S, B TIEEE, #it2 600rad %
Bz 28,46 600rad ZHVTWVWADY, ZORIFHHIC
FLOTH, ZO0HEY #2HEBL L.

fa =
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T HEEMAED#750.4% % & 2. Leu-2a K U Leu-
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15.7% % 1042.9% T & - 7-. HLA-DR P8 ¥ # fia (&
WMBEDIT.7T% TH - I-.

TABLE 2 AVERAGES AND RANGES OF MEASUREMENTS
#2 WEMDFHE TR

Number Mean Standard Deviation Min Max

Leu-1 (%) 104 50421 14.850 13.6 86.0
Leu-2a (%) 104 15.732 7.794 3.0 41.2

log-transformed 104 2.628 0.531 1.099 3.718
Leu-3a (%) 104 42.868 12.384 2.0 67.8
HLA-DR (%) 104 17.716 10.518 2.0 79.0

log-transformed 104 2.731 0.548 0.693 4.369
Age 104 61.875 14.207 36.0 86.0
Dose 104 87.846 121.061 0 600*

*T65DR dose estimates greater than 600 rad (1100 rad) are truncated to 600 rad.
600rad 11 F(1100rad ) »TE5DR & RtHEE M 1T 600rad & L 7.

Figure 1 shows means of proportions and their
95% confidence intervals for each subset
defined by the age and dose categories. From
this figure, one might notice any trend or any
effect in means, but it should be emphasized
the corresponding confidence intervals are so
wide that the trend or effect are not conclusive
unless we examine it carefully.
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FIGURE 1 PROPORTIONS OF MONOCLONAL ANTIBODY POSITIVE CELLS
BY AGE AND RADIATION DOSE
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Table 3 shows the summary results of analyses
of variance relating sex, age, and radiation dose
to the proportions of Leu-1, Leu-2a, Leu-3a,
and HLA-DR positive cells, based on all 104
cases. This table indicated that 1) a change with
age is observed in the proportion of HLA-DR
positive cells, 2) a difference by sex is also
observed in the proportion of HLA-DR positive
cells, 3) radiation effects are not evident, and
4) there is no significant interaction between
age and radiation exposure. Since the number of
males studied was not sufficient, as mentioned
in Materials and Methods, we could not study
the interaction of sex with other variables.

# 313, 2104EEFIIESWT, 1, FEok U
¢ Leu-1, Leu-2a, Leu-3a XU HLA-DR O &G4
filand s s OMEzHRB LTI D 286 * =
AT, ZOFEE, KOZEExRLTWVA. 1) HLA-
DR a0 Bl & 12 T Fm 2 ) Z{LrADHS
f17-. 2)HLA-DR (Bl 0 E &I 3EEZL R D
bz, IIBMHEBILLSEIHHITE 2o 2.
4) Ep L S ER L OFE L HEAEIRITEAD LN
Lo/, BBEFEODHTHENLZLHIZ, R
B EDBP T TR0 T, Ell&EEd
DEHELEDHBEHRIIFAFTTCE 2h -7k
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TABLE 3 SUMMARY ANALYSIS OF VARIANCE TABLES (Based on entire 104 cases)

#Z3 THBEOBEMOZRL (210451235 <)
Effects Sums of Squaresl) df Mean Square F P

Leu-1
Sex 12.34 1 12.34 0.0531 0.8
Age 510.1 2 255.0 1.133 0.3
Dose 144.0 2 71.99 0.3199 0.7
Error 12 22054 98 225.0
Age-Dose Interaction 215.4 4 53.85 0.2318 0.9
Error 23 21838 94 232.3

Leu-2a

(log-transformed)
Sex 0.2167 1 0.2167 0.7482 0.4
Age 1.112 2 0.556 1.963 0.15
Dose 0.0546 2 0.0273 0.0963 0.9
Error 1 27.76 98 0.2832
Age-Dose Interaction 0.5275 - 0.1319 0.4553 0.8
Error 2 27.23 94 0.2897

Leu-3a
Sex 21.01 1 21.01 0.1317 0.7
Age 463.7 2 231.9 1.501 0.2
Dose 178.6 2 89.3 0.5781 0.6
Error 1 15138 08 154.5
Age-Dose Interaction 146.3 4 36.58 0.2294 0.9
Error 2 14992 94 159.5

HLA-DR

(log-transformed)
Sex 4.304 | 4.304 16.92 <0.0001
Age 1.430 2 0.7150 2.848 0.06
Dose 0.0948 2 0.0474 0.1888 0.8
Error 1 24.62 98 0.2512
Age-Dose Interaction 0.7006 A 0.1752 0.6885 0.6
Error 2 23.92 94 0.2544

1) Sums of squares for each effect are calculated as the difference of the residual sum of squares
between the model excluding the effect and the model including it.

ZREN —EFHIT, BELIBOWAEETLEGHEETALLEOMICET SR E_EMOoLE L THIEL L.

2) The variance estimates (mean square) corresponding to this error were used to evaluate effects of
age and dose factors. Therefore, F-tests for these two factors are based on (2,98) degrees of
freedom,

TOMELCLHYTISNMEEM(FEFY _£)42, FTREVCEROBEOIFMIZA WV L.
“oETFIIMTAFREIR, BHE(2,98)124ET<.

3) The variance estimates of this error were used to test sex and age-dose interaction effect. Degrees
of freedom for these tests are thus (1,94) and (4,94), respectively.
TOBMEOSTRHEEML, SR UCER-BMAHEERBRzESRIOIIHVE. LT,
BHEIL, hFh(lM)RBRUT(494)TH 5.
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Further analyses of each Ilymphocyte sub-
population are described in the following section.
Since no significant interactions were observed,
we focused our attention on the main effects
of the individual factors.

% ') » 7VEK subpopulation @ X N FFEMZEEFTIZ DWW T
3, KETH~NS. GEZHEMRIBD T2 -

EOT, REFOELMEICEREHE V2.



Leu-1 Positive Cells

As shown in Table 3, changes in the proportion
of Leu-1 positive cells by age, radiation dose,
and sex were not observed. As shown in Figure 1,
the 76+ age-group and the exposed groups
presented lower values, but the differences were
not significant. The female group also showed
lower values, but the difference was not signifi-
cant either in the analysis of variance (Table 3)
or in the regression analysis (Appendix Table 1).

Leu-2a Positive Cells

As mentioned earlier, since normal probability
plotting suggested that logarithmically trans-
formed values of the proportion of Leu-2a
positive cells are roughly normally distributed,
the proportions of Leu-2a positive cells were
analyzed after log transformation.

From the results of regression analysis and
analysis of variance, there is no evidence of
simple sex, age, or dose effects on the proportion
of Leu-2a positive cells. None of these factors
individually was significantly related to this
measurement (Table 3), nor were they jointly
significant (p=0.5) when considered in an
additive model (Appendix Table 2, 1st and 2nd
columns). However, in a quadratic regression
model of the age effect, the coefficient of the
square of age was marginally significantly less
than zero (p=0.03, Appendix Table 2, 4th
column). The values of the estimated regression
coefficients for this model imply that the
proportion of Leu-2a positive cells tends to be
lower in the high age range. However, the four
lowest values are concentrated at the extreme of
the age range (Figure 2), and hence they strongly
influence the quadratic model. Thus analyses
excluding these four points were also made
(Appendix Table 3). As in the aforementioned
results, no effects due to exposure dose or sex
were observed, and in addition no significant
effects of age were evident.

Leu-3a Positive Cells

As the distribution of the proportion of Leu-3a
positive cells is almost normal, the measured
values were employed in the analysis without
transformation.

Results of regression analysis show that age, sex,
and exposure dose did not significantly affect
the proportion of Leu-3a positive cells, as
expected from Figure 1. For example, sex, age,
and dose are jointly nonsignificant (p=0.5) when
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Leu-1 BEiE4HA2

#3112t &£ 512, Leu-1 BEMIa o § & 12 13 5,
pER AR AL, MERIZ LM N7z, ]
AN B LI, T6E L) Lo el & BT
W ZR LN, ZOXREERELLOTE 24
. AHERHLEEERL AN, ZOEITEXTH
(FZ3)izswribhgaiF (FR1) VT HE

ZENATIE RIS

Leu-2a fBiE#mfa

Bl <7 &k 512, Leu-2a PEPEMAZO E] G331 £
M AZEICENBIFERZ/H/ICIEI Z & HFIER
FEERIZENVAREENA-8, Leu-2a HiEdllaD
e ERR IR L .

Al R U it D& £ T3, Leu-2a [Hik
ffie D E S 1ZE, FR LI, HXABEMTEZ S
wRIEFELD S S . Zh5DOZERIZIE, @RI
COWGEM(RI) ELHEEMEZRTLOEE L,
MEBETAVNTELS L, ThoPREMIIHES
iz b 22 L8 B0 5L -k (p=0.5; iF£2,
s 1, 28). LAL, ERxRICHT 5 k)i
EFNIIENTIE, FBO_KkO0BEOFHIZI0O LY
LEIUTHEBIIADOHEE Z-/(p=0.03; F£&2,
FAf). ZoOEFTILTHE & AR GRE OE L,
Leu-2a M@0 E S A S Fmh TIEELS LS
WmEmAsHdZ el Twnas., LAL, MoOlK
HEIEBmBEOmMMBEIZERL TV IOT(REZ),
FhHE _RETVIZHOVERZGATVA. L
NHoTIZINED4HEFVAERITELIT- 2 ([T £3).
gl k0 £ B E 4k, AR LRIz KL 2B LAY
T, £, EMIILIFELEELHLSHIT
s

Leu-3a BT AR

Leu-3a BEME#HEOEH SO SHIIAE D IERTMIC
MW HTHALD, BEMIERE2ITHTICAEN
Ty = G T o 8

AR arosERE, M1 5MFanl & 712, ER,
M, #HEEHAE S Leu-3a BHEMIBOBSIIHEEL
HRESITWEVWIEERLTWAS. FIZIE, MK
METNVTEZ ZEAE, % Fi, RUBROD
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HLA-DR Positive Cells

The logarithmically transformed proportion of
HLA-DR positive cells was used as the dependent
variable in the regression analyses described
below.

A large effect of sex was apparent, with the
proportion being higher in males (geometric
means: 22.2% for males, 13.5% for females)
this effect was highly significant (p<0.0001)
whether or not adjustments were made for the
other covariates (Appendix Table 6, 2nd, 31d, and
4th columns). After adjustment for sex and age,
differences between the three dose groups were
not statistically significant (p=0.8, Appendix
Table 6, 2nd and 3rd columns). Attention should
be paid to the proportion of HLA-DR positive
cells in relation to age, again. That is, as shown
in Figure 4, since one value at each end point of
age range seems to deviate from the general
pattern, the effect of age was possibly distorted.
After adjusting for the sex difference, hetero-
geneity among the age-groups was not statistically

MIZL2KELREENFIDH,

HLA-DR [E4 41k
TEHOMRBS T Tl xt#E®-R%*1T-> /- HLA-DR
IRl E G+ EEEKE L THW .

z0EIFBEIIHV
(HEf 110 : B1%22.2%, ®H13.5%). 2o
HEHOEEIZr2P2PbY 2L, ZOREIHDOT
HEETh-7 (p<0.0001; &6, H2-4 ). TE&
RS (2D W T Fl R gD =D OEEEER O
ZIIHAMIIEREZLOTIR 2 h -7 (p=0.8,1T %
6, 2, 3#). HLA-DR Al fa 0 F S & T
&,
7

oA L=

& 4T =

.

DEFIIBUEEBT20EFHS. T4b5H, A4
R £II10, BEBXTORESOMIT, —HhY

Sy~ hSHNTEY, EHOBEEOIDT
o B AR S B 5. MR EHIE L 2RO EMEEN O

FEEMEL, HEANCIEERE T2 A - 2 (p=0.06, 1%

FIGURE 4 SCATTER PLOT OF THE PROPORTION OF HLA-DR POSITIVE CELLS
(log-transformed) VS AGE
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significant (p=0.06, Appedix Table 6, 3rd and
4th columns). On the other hand, according to
analyses excluding these two values, there was
significant heterogeneity (p=0.003), with the
mean for the 76+ age-group significantly higher
than that of the other two groups combined
by a factor of e323%=14 (p=0.01, Appendix
Table 7, 4th column). The difference between
the 56-75 and <55 age-groups was not statistically
significant (p=0.3, Appendix Table 7, 2nd and
3rd columns). The regression models including
linear and/or quadratic terms in age were also
studied (Appendix Table 7, 6th, 7th, and 8th
columns), and all showed an increasing trend
with age. When both linear and quadratic were
included, neither coefficient was individually
significant, although both together were signifi-
cant (p=0.008). As was the case for Leu-3a
this may be due to over-parameterization. The
model which allows higher values in the oldest
age-group seems most appropriate for HLA-DR
positive cells, as seen in Figure 1, and by
comparing the residual sums of squares for the
various models (Appendix Tables 6 and 7).
In each case the residual sum of squares for a
model based on age-groups is less than that of
the corresponding model based on linear and/or
quadratic trends in age. Regarding the effects
of sex and exposure dose, exclusion of the two
individuals indicated in Figure 4 does not affect
the conclusions described above.

DISCUSSION

Whether immune competence is disturbed in
A-bomb survivors as a late effect of exposure
to ionizing radiation has not yet been fully
elucidated, although currently available evidence
is all negative. The authors analyzed lymphocyte
subsets as markers of immune competence of
A-bomb survivors.

Rosette formation techniques, methods using
heterogeneous antiserum, and other methods,
have been employed in the past for the identifi-
cation of lymphocyte subsets. However, with
the development of the hybridoma production
technique by Kohler and MﬂStEiﬂ,Ig a large
number of monoclonal antibodies have now
been produced, and using these antibodies,
studies on lymphocyte subsets can now be
conducted in greater detail.

Clinically, the changes that occur in lymphocyte
subsets due to various diseases are being clarified.
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For example, a decrease in the number of
cytotoxic/suppressor T cells is observed in
autoimmune diseases, such as systemic lupus
erythematosus (SLE),,F'1 rheumatoid arthritis
(RA),'® and Sjogren SYI’LdI‘ﬂI’I‘lE,lE and an increase
of cytotoxic/suppressor T cell and a decrease of
helper/inducer T cell numbers are reported in
infectious viral diseases such as infectious mono-
nucleosis,’’ cytomegalovirus infection,'® and
hepatitis B (HB) viral qu';;::atitis.l'SI In this regard
it is of interest that the proportions of total
T cells were low in the two cases who were not
under treatment for cancer at the time of exami-
nation and died of cancer within a year after
examination, though these cases were excluded
from the analysis of this study (Table 4).

28T 5< b—7FA (SLE)," @45 7 < F
(RA),BRUY2— L VEBRES 2 LFDACER
HEHBTIL, cytotoxic /suppressor T Mg gL »
Ao 5N, EREERE" A1 b XTo7 LR
g, " RUBEIIFAR(HB) VA VAKFR® 2ED
(& ey 4 WV A B TlE cytotoxic /suppressor T
i Fa O 6 HN & U helper /inducer T #A 3t o B D H°
MEIhTVWS, KAEOENTMNR,» SR E N,
MZERICEERZZ T TV a2 0, 2R 1LF
LINIcE e LA-FE 2/ T, BTHEOE SN
EAh->7DRBKREVZIETH S (F4).

TABLE 4 CASES EXCLUDED FROM ANALYSIS

#4 fEirH> oL ZEEH

Age Sex Leu-1 Leu-2a Leu-3a HLA-DR

81 Female 31.2 4.3 2.9 13.8 Died on 5 January 1983 due to stomach
cancer with metastasis to the liver

75 Female 25.9 10.2 30.8 28.0 Died on 26 March 1982 due to caudal
pancreatic cancer

82 Male 514 11.0 28.0 7.3 Multiple myeloma (IgA-A)

82 Female 52.1 4.5 39.0 32.5 Chronic thyroiditis

The results of the present study revealed no
effect of radiation exposure on the proportions
of peripheral blood lymphocyte subsets positive
for Leu-1 (T cells), Leu-2a (cytotoxic/suppressor
T cells), Leu-3a (helper/inducer T cells), or
HLA-DR (B cells and monocytes) in A-bomb
survivors. Concerning the lymphocyte subsets
of A-bomb survivors, Akiyama et al*® reported
that the proportions of T and B cells derived by
the rosette technique were not affected by
exposure. With regards to the function of T
cell subsets, activity of suppressor T cells is
reported to be more sensitive to radiation than
activity of helper T cells.? On the other hand,
concerning the proportion of T cell subsets,
Wasserman et al** reported that the proportion
of T cells possessing IgG:Fc receptors derived
by the rosette technique decreased after
X-irradiation of 1,600 rad in vitro, and that no
change was observed in the proportion of either
Leu-2a or Leu-3a positive cells.

Concerning the change of lymphocyte subsets
due to aging, many reports state that T cells
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BER) ICPIE R TRMM ) ¥ 35k 72 v FOEIG IS
i, MEHBOPBE LB N7, [FRERED
) ¥R G Ty ML THKILS® i, oy b
ElokniFohTHBREUBAMEDE GICIE,
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generally decrease with age, 23-2  pbut some
reports state that they remain unchanged. <8
Nagel et al,zg using monoclonal antibodies,
reported that although the proportion of OKT4
(helper/inducer T cells) showed no change,
OKT3 (T cells) and OKT8 (cytotoxic/suppressor
T cells) Jdecreased with age. Concerning the
proportion of B cells, some investigators reported
no difference with aging,*®® while others
reported an increase.?  Our results showed
that there was no difference in the proportions
of Leu-1 positive cells and Leu-2a positive cells
with age, although the proportion of Leu-3a
positive cells tended to decrease and that of
HLA-DR positive cells tended to increase. The
effect of age is more concentrated primarily in

the oldest age-group (76+) for both measurements.

Matsumoto et al’’ have reported on the sex
difference in the subsets of lymphocytes, stating
that higher values of OKT4 positive cells are
observed in females and of OKTS8 cells in males
and no sex difference are observed in OKTI11
(total T cell) and OKlIa (B cell). Our results
showed that the proportion of HLA-DR positive
cells (B cells and monocytes) is higher in males.

In this study, lymphocyte subsets were
determined using a fluorescence microscope.
To minimize errors in the determination, a single
trained viewer counted all lymphocytes. Identifi-
cation was made blindly on dose, age, sex, etc.
Thus, the results obtained by the same tranined
technician were almost identical to those obtained
using an Fluorescence-activated Cell Sorter.

Next, the method of statistical analysis will be
discussed. The method employed in this study
was based on the assumption that the percentage
of fluorescent lymphocytes obtained for each
individual (or its transformed value) is distributed
normally around the mean of a certain group.
If the denominators of the proportion, 1i.e.,
the numbers of cells counted, are known, one
possible method for analyzing such data is logistic
regression analysis, based on the assumption that
the numerators of the proportions, i.e., the
numbers of positive cells, are binomially distri-
buted. This method is, however, ordinarily based
on the additional assumption that each individual
in a group has the same true, underlying propor-
tion of positive cells. When logistic regression
analysis was applied to the present data under
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THifall s R FERMELLIIEIL T LI LEOHMSED
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the assumption that the proportions are based
on observation of 200 cells, even the models
giving consideration to effects of sex, age,
exposure dose, and interaction of age and
exposure (as in Table 3) gave very poor fits.
This is demonstrated by the extremely large
values of Pearson’s x> statistic (1,756, 893.5,
1,228, and 989.4, for Leu-1, Leu-2a, Leu-3a,
and HLA-DR, respectively, all with 94 degrees
of freedom). Therefore, it is apparent that
there is an extra-binomial variation in this data.
While various methods have been proposed
recently as direct approaches to eliminating this
variation, the regression analyses for this report
were based on the assumptions first mentioned
in this study. These assumptions consider that
the percentages or their appropriately trans-
formed values are approximately normally
distributed. This method was employed since
direct correction for extra-binomial vanation
was not possible, because the exact denominator
values used to calculate proportions were not
recorded. However, based on the hypothetical
assumption mentioned above that exactly
200 mononuclear cells were observed for each
individual, fitting models with the correction for
extra-binomial variation proposed by Williams>2
in 1982 gave results very similar to those of this
study. Thus, it is expected that results of this
study are similar to those that would have been
obtained with appropriate correction for extra-
binomial variation, and that conclusions of
this report are valid.

Except for a finding of reduced phytohemag-
glutinin reactivity of peripheral blood lympho-
cytes with age in the exposed gmup,m studies
of cellular immunity of A-bomb survivors
conducted so far have shown no effect of
exposure on the proportions of lymphocyte
subsets, the differentiation ability of B lympho-
cytes, or the function of concanavalin A-induced
suppressor T 1ymph0cytes.33 Based on the
current data, there was no significant effect due
to radiation exposure. A difference, if any
exists, in immune competence between A-bomb
survivors and the nonexposed may be too small
to be detected by the immunological tests at
the present time, some 40 years after the
A-bombings.

However, the high incidence of breast, lung, and
thyroid cancers in A-bomb survivors is reported
even at present. It is clear that immuno-
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competence is important in carcinogenesis. The
immunologic surveillance theory>® of defense
against cancer is now recognized as not applicable
to all cancer types, but persons whose immune
systems are suppressed by drugs have increased
risk of some neoplasms.”> Then, we cannot
rule out the possibility that A-bomb exposure
may still have some effects on immuno-
competence. Therefore, if the crucial relationship
of carcinogenesis and A-bomb survivors should
be studied in the future, it is felt that more
sensitive and specific immunologic tests should
be conducted.
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APPENDIX TABLES 1-7

In these appendix tables, the results of regression
analyses of the proportions of antibody positive
cells are shown. We have defined several indicator
variables for use in these analyses as follows:

Sex % =
Age F# 56-715 =
Age b 76+ =
Dose #ft 199 =
Dose #4100+ =

In addition the covariate names Age and Dose
were used to indicate continuous variables.
Values shown in the Appendix Tables are least
squares estimates of the coefficients of cor-
responding variables; the standard errors of
these estimates are given in parentheses. The
Sums of Squares shown at the bottom of each
table are the residual sums of squares for the
models expressed in the corresponding columns;
df indicates the degrees of freedom for that Sum
of Squares.

In the analyses involving indicator variables,
the Grand Mean is the mean for the reference
group, i.e., the group for which all the indicator
variables included in the model are zero. For
example, when only Sex is involved, the reference

group consists of all males in the analysis;

similarly the group of males aged less than 56
and not exposed to radiation is the reference
group when a model involves Sex, Age 56-73,
Age 76+, Dose 1-99, and Dose 100+,

When the continuous variables are used in the
analysis, the Grand Mean is merely the value
when those variables are set to zero. Thus in
some instances, such as when Age is used in the
analysis, the attempt to interpret the Grand
Mean itself should be avoided since we have
examined people aged only in the range of 36
to 86 in this study.

|
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1 female «t%

0 male B1E

1 55<age #i <76
0 otherwise # ot

1 75 < age #Ffin

0 otherwise # i

1 0 < dose #fit < 100 (rad)
otherwise # @

1 99 < dose #it (rad)
otherwise # @ fi
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The fitted mean for a particular group of interest
or at particular covariate values of interest 1s
calculated as the sum of the corresponding
parameter estimates or products of the covariate
values and corresponding coefficients. For
example, if we are interested in the mean
percentage of Leu-1 positive cells for 50-year-old
females exposed to 100 rad of A-bomb radiation,
estimated from the model expressed in the last
column of Appendix Table 1, the estimated
mean value 1s

RERF TR 16-85

ik H SFFEDOE, ITBKRS Z2HEDOLERIED
BAESNLIFHMHEE, BT/ 7 -5 —HEMR
OF, XIHERMEEL ZNIIHIET 3HHOME LT
HWEENA. fl21E, 100rad @ J5 5 f 4 8 1B
L 7-50 D& PEic 513 5 Leu-1 BBHEMAaD B 5 3E
THEsFE1OBEEOMIZRTET VLA S HEE
T5&, HEFEEIZIRDEIIZIEZ S

51.82=59.34 + (—0.5042) +(—0.1323) x 50 + (—0.00405) x 100.

Based on the grouped data analysis (column 2
in Appendix Table 1), the estimated mean
percentage for such persons is

B — v B (FE1OE2H/) 12T x, 2D

EIaloansBEOELOREEMIIROLIIIE S.

5041 =54.24+(—-0.8189) +(-3.015).

APPENDIX TABLE 1 REGRESSION COEFFICIENTS FROM ANALYSES OF
THE PROPORTION OF Leu-1 POSITIVE CELLS

F# 1 Leu-1 [BHEHREDEIES DB IZ & 2 B2
Grand Mean 50.42 54.24 59.34
(1.456) (4.229) (7.044)
Sex —(0.8189 —-0.5042
(3.378) (3.354)
Age 56-75 0.08377
(3.507)
Age 76+ —4.899
(3.685)
Dose 1-99 —2.294
(3.598)
Dose 100+ =3.015
(3.975)
Age —0.1323
(0.1038)
Dose —0.004056
(0.01219)
Sum of Squares 22713 22054 22321
df 103 98 100
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APPENDIX TABLE 2 REGRESSION COEFFICIENTS FROM ANALYSES OF THE
PROPORTION OF Leu-2a POSITIVE CELLS (log-transformed)

f$4 2 Leu-2a PEFE#N (log-transformed) @ # & O AFHTIZ L 5 B &

Grand Mean 2.628 2.780 2.925 0.7270 3.024
(0.05212) (0.1500) (0.2332) (1.017) (0.2505)

Sex —0.1015 —0.09184

(0.1198) (0.1193)
Age 56-75 0.02913

(0.1244)
Age 76+ -0.2151

(0.1307)
Dose 1-99 —0.02094

(0.1277)
Dose 100+ —0.06048

(0.1410)
Age —0.004795 0.07108 —0.004728

(0.003674) (0.03440) (0.003693)
(Age)? —0.0006198
(0.0002795)
Dose —0.0003933
(0.0004336)

Sum of Squares 29.10 27.76 28.62 27.29 28.24
df 103 98 102 101 100

APPENDIX TABLE 3 REGRESSION COEFFICIENTS FROM ANALYSES OF THE PROPORTION OF
Leu-2a POSITIVE CELLS (log-transformed), EXCLUDING FOUR
INDIVIDUALS WITH LOW VALUES
{+# 3 Leu-2a PE{E#AE (log-transformed) @ H A (EED 4H 2B L) ORITIZ & 5 DEFER

Grand Mean 2.686 2.857 3.024 2.463 3.093
(0.04552) (0.1328) (0.2084) (0.9394) (0.2304)

Sex —0.08547 —0.08007

(0.1050) (0.1041)
Age 56-75 —0.05708

(0.1084)
Age 76+ —0.1989

(0.1162)
Dose 1-99 —0.05931

(0.1116)
Dose 100+ —-0.02357

(0.1249)
Age —0.005464 0.01380 —0.005485

(0.003284) (0.03161) (0.003328)
(Age)* ~0.0001570
(0.0002562)
Dose —00.00009352
(0.0003975)

Sum of Squares 20.52 19.70 19.95 19.88 19.83
df 99 94 98 97 96
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APPENDIX TABLE 4 REGRESSION COEFFICIENTS FROM ANALYSES OF THE
PROPORTION OF Leu-3a POSITIVE CELLS

4 Leu-3a FEHEAMAZDEIG O BEHTIZ & 5 [MlF R

1 #2

Grand Mean

Sex

Age 56-75

Age 76+

Dose 1-99

Dose 100+

Age

Dose

Sum of Squares

df

42.87
(1.214)

15795
103

45.83
(3.504)

1.022
(2.798)

—0.6097
(2.906)

—-4.967
(3.053)

—~2.679
(2.981)

-3.274
(3.294)

15138
98

B

44.33
(1.973)

—-0.3229
(2.848)

—-4.826
(3.022)

15337
101

44 .17
(1.416)

-4.671
(2.682)

15339
100

50.81
(5.418)

~0.1283

(0.08537)

15453
102

50.59
(5.846)

1.240
(2.783)

-0.1320
(0.08617)

—0.005425
(0D.01012)

15373
100

APPENDIX TABLE 5

REGRESSION COEFFICIENTS FROM ANALYSES OF THE PROPORTION OF Leu-3a
POSITIVE CELLS, EXCLUDING TWO INDIVIDUALS WITH LOW VALUES

{+2:5 Leu-3a [BiEfilamE G (KM 2 Fl % Px <) OEHTIZ £ 5 [l (7
Grand Mean 4358 45.13 45.19 45.20 53.67 12.15 49 .42 53.20
(1.127) (3.182) (1.816) (1.304) (4.981) (21.75) (2.792) (5.324)

Sex 2.046 2.289

(2.544) (2.526)
Age 56-75 -0.1791 0.01075

(2.669) (2.623)
Age 76+ =5.7T81 —-5.692 —-5.697

(2.780) (2.761) (2.445)
Dose 1-99 —-0.940

(2.724)
Dose 100+ —3.285

(2.983)
Age —~0.1625 1.271 —-0.1699

(0.07823) (0.7355) (0.07853)
(Age)* —0.01171 —0.001442
(0.005974) (0.0006327)
Dose —0.008520
(0.009170)

Sum of Squares 13084 12165 12410 12410 12542 12074 12438 12318
df 101 100 100 99 100 98

96 99
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APPENDIX TABLE 6 REGRESSION COEFFICIENTS FROM ANALYSES OF THE PROPORTION OF
HLA-DR POSITIVE CELLS (log-transformed)
HLA-DR B2 #0014 (log -transformed ) M E4 D EHT 12 £ 5 [BlIF R £

22 6

Grand Mean

Sex

Age 56-75

Age 76+

Dose 1-99

Dose 100+

Age

Dose

Sum of Squares
df

2731

(0.05372)

3091

103

3.046
(0.1413)

—0.4697

(0.1128)

—0.1368

(0.1172)

0.1627
(0.1231)

0.02661
(0.1202)

0.07946
(0.1328)

24.62
98

3.080
(0.1111)

—0.4688
(0.1119)

—0.1363
(0.1156)

0.1625
(0.1219)

24,71

100

3.092

(0.09742)

—0.4886

(0.1132)

26.14
102

2.723

(0.2372)

—0.4920
(0.1129)

0.005455
(0.003497)

0.0003885
(0.0004105)

25.31

100

APPENDIX TABLE 7 REGRESSION COEFFICIENTS FROM ANALYSES OF THE PROPORTION OF
HLA-DR POSITIVE CELLS (log-transformed), EXCLUDING TWO INDIVIDUALS WITH EXTREME VALUES

T 7

HLA-DR %4003 (log-transformed ) D E 5 (1O 2 7l & (& < ) O BT 12 & 5 [A)w ) &

2735
(0.04834)

Grand Mean
Sex

Age 56-75
Age 76+
Dose 1-99
Dose 100+
Age

(Age)®

Daose

Sum of Squares 24.07
df 101

2.880
(0.1278)

—0.3848
(0.09917)

-0.09763
(0.1020)

0.2805
{0.1084)

0.1340
(0.1060)

0.1336
(0.1161)

18.051
36

2.990
(0.09944)

—0.3899
(0.09898)

—0.1099
(0.1012)

0.2704
(0.1079)

18.40
98

2.994
(0.09008)

—0.3999
(0.09864)

0.3234
(0.09633)

18.62
99

3.043 2.518
(0.08933) (0.2093)
—0.4143 —0.4223
(0.1035) (0.1003)
0.008587
(0.003119)
20.75 19.27-
100 99

3.844
(0.8675)

—0.4008
(0.1005)

~0.03768
(0.02953)

0.0003778
(0.0002400)

18.79
98

2.751
(0.1324)

~0.4185
(0.09982)

0.00007350

(0.00002522)

19:11
99

2.471
(0.2138)

~0.4145

(0.1005)

0.008683
(0.003118)

0.0003881
(0.0003618)

19.05
98
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