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SUMMARY

The differentiation of human peripheral blood B
lympbocytes into immunoglobulin-producing
cells (Ie—PC) by pokeweed mitogen (PWM)} and
the function of concanavalin A (ConA)-induced
suppressor T lymphocytes were examined in
order to elucidate the late effects of atomic
bomb radiation. A total of 140 individuals,
70 with exposure doses of 100 rad or more and
an equal number of centrols with exposure
dose of Orad matched by age and sex were
selected from the Nagasaki Adult Health Study
sample who were examined between October
1980 and January 1982.

The differentiation of peripheral blood B
lymphocytes into Ig-PC by PWM and the func-
tion of ConA-induced suppressor T lymphocytes
both tended to be more depressed among those
in the exposed group than in the control group,
but no statistically significant difference was
observed between the two groups. The function
of ConA-induced suppressor T lymphocytes
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tended to decrease with age, but a statistical
significance was only detected for percent
suppression against IgM-PC. .

INTRODUCTION

Lymphocytes are highly sensitive to radiation. It
has been found that in cancer patients radiation
therapy results in a remarkable decrease in
lymphocyte count in the peripheral blood, and
the effects are sustained for several years.l"z It
has also been clarified in many animal experi-
ments that among the iymphocytes in the lymph
nodes and spleen, B lymphocytes are more
sensitive to radiation than T lymphocytes.®S
Among T lymphocytes, however, suppressor T
lymphocytes seem to be more sensitive than
other T lymph ocytes.5

B lymphocytes in the human peripheral blood
can be stimulated by PWM to differentiate into
Ig-PC. It has been shown that this differentiation
is dependent on helper T lymphocytes’ and is
suppressed by suppressor T lymphocytes induced
by ConA.® A study was made on the function of
radiosensitive B lymphocytes and suppressor T
lymphocytes of A-bomb survivors in an attempt
to clarify whether radiation effects still persist
more than 35 years after exposure to A-bomb
radiation. Further, Ichimaru et al® have recently
reported that multiple myeloma tends to be
more frequent among A-bomb survivors. Multiple
myeloma cells are a neoplastic form of plasma
cells which are differentiated from B lympho-
cytes. This suggests that B lymphocytes in
A-bomb survivors may possibly bave some
abnormalities. This was an additional reason for
studying the antibody production system in
A-bomb survivors.

MATERIALS AND METHODS

The subjects were 70 individuals with a T65
dose!® of 100rad or more and an equal number
of controls with 0rad dose, matched by age and
sex and randomily selected from those in the
Nagasaki Adult Health Study sample who were
examined from October 1980 to January 1982.
The distribution of the exposed and control
groups in this study is shown in Table 1 by age
and sex. The present study subjects consist of
matched pairs of 14 males and of 56 females.
The number of females far exceeds the number
of males. The age was over 50 years in most
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TABLE 1 DISTRIBUTION OF EXPOSED AND CONTROL SUBJECTS BY AGE AND SEX
#1 HRERUHBIEOLE FHRUHEL

Exposed
Control Age

30-39 4049 50-59 60-69 70-79 Total
Total 30-39 1 1 (1.4)
40-49 10 4 (20.0)
50-59 1 2 42 (60.0)
60-69 6 7 (10.0
70-79 6 6 (8.6)
Total 1 11 8 6 70 (100.0)

a4 (15.7) (62.9) {114) (8.6) (100.0)
Male 30-39 1 1 (1.1
4049 4 5 (35N
50-59 1 5 (357
60-69 2 2 (14.3)
70-79 1 1 7.1)
Total 1 4 3 1 14 (100.0)

(7.1} (28.6) (35.7) 21.4) (7.1)  (100.0)

Female 30-39

4049 6 9 (16.1)
50-59 1 i 37 (66.1)
60-69 4 5 (8.9)
70-79 5 5 8.9)
Total 7 5 5 56 (100.0)

(12.5) {69.6) (8.9) (8.9)  (100.0)

Percentage in patentheses {53LM3%

cases, since more than 35 years had elapsed
since A-bomb exposure. The mean T65 dose
in the exposed group was 263 rad.

Culture Conditions. From each subject, 6 ml of
heparinized venous blood was drawn and mono-
nuclear cells (MNC) were separated by Bdoyum’s
method!! and washed three times with balanced
salt solution (BSS). The MNC were resuspended
to 4 x 10% celis/ml concentration in RPMI 1640
culture solution containing 20% heat-inactivated
fetal calf serum, 5 x 1075 M 2-mercaptoethanol,
50 pl/ml penicillin G, and 50 yg/ml streptomyein.
All subsequent cultures were conducted in plastic
culture tubes with V-ghaped bottom (Eiken,
Tokyo).

Induction of B Lymphocytes to Ig-PC by PWM
Stimulation. A volume of 0.5ml of MNC
suspention (2 x 10° cells) from study subjects
was cultured at 37°C in a 5% CO, incubator

supplemented with 5u1 PWM (GIBCO, New York).

BELNEFEBLTVEADE H0ELNLETH -2,
#IRFE ey TESD FHht(3 263 rad TH - 2.

BEEM. SWHRELOBHIRLE ml 2~/ ¥ TN
$RIL L, Boyum O FFEk™ 12H#8 T BAEH N (MNC)
hoMEL, THAKEK(BSS)TS B3 LA
MNC 1£20% JE#{L 7 ¥ [ERLFE (FCS), 5X10 "5 M
2 - mercaptoethanol, 50 #1/ ml penicillin G B U
50 p#g/ ml streptomyein #% 31 RPMI 1640 55 3% # 1=
4X10% #ifa/ m iz % 5 & FigEsdL. LUTO
BRETRTVEOTI AFy 7 BUERMEBRE (R,
BR0) CiT - 7=

BYLHNEOPWMHBICLS Ig-PCADEN.
PWEHHF O MNC F8H 0.5ml {2 X105 #fa) iz
PWM(GIBCO #, —a2—3—Z)Sul ML,
37C, 5% CO,ERBTHBELLE. 7T HHOERER
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After seven days of cultivation, the number of
1g-PC was counted.

 Determination of ConA-induced Suppressor T
Lymphocyte Activity. ConA-induced suppressor
T lymphocytes were prepared by the method of
Haynes and Fauci.® A 0.5ml MNC suspension
(2 x 10° cells) was cultured for 48 hours at 37°C
in a 5% CO, incubator supplemented with 5ug
ConA (Sigma Chemical Co., St. Louis). Control
cells treated likewise without the addition of
ConA were also prepared. The cultured cells
were washed three times with 0.3 M a-methyl-D-
mannopyranoside (@MM, Sigma Chemical Co.)
to remove ConA and then rinsed once with
culture solution. Thus, ConA-induced suppressor
T lymphocytes and control cells were obtained.

Each of the following cell populations was
cultured at 37°Cin a 5% CO, incubater in 0.5 ml
culture solution supplemented with Sul PWM.
After seven days of cultivation, the number of
Ig-PC was counted:

(1) Preserved viable MNC 2X 10% cells (MNC
were preserved at 4°C for 48 hours until
ConA-induced suppressor T lymphocytes
were obtained and tested for viability by
Trypan blue) + ConA-induced suppressor
T lymphocytes

(2) Preserved viable MNC 2 x10° cells+ control
cells of ConA-induced suppressor T
lymphocytes

(3) ConA-induced suppressor T lymphocytes
alone

(4) Control cells of ConA-induced suppressor
T lymphocytes alone

The function of ConA-induced suppressor T
lymphocytes was calculated from the following
formula: ‘

Ig-PC number in(1) — Ig-PC number in (3)

Ig-PC & ¥ 2 /-,

ConAFERY Lo v—TULNBEEORE.
Haynes B (F Fauci® @ H 12 # 1T ConA FH
$F Lyt —TY Y BREERLE D&Y, BE
P &4/ MNC 0.5ml (2X10° ) 1= ConA
(Sigma Chemical %1, ¥ FIW4 R) 5 xg ML,
37T, 5% CO,MHBmBTIBBHIBEL L. F4
ayhu—ififaE LT, CenA EEM TRIERIZERE
L7z, ConA %< hiciEEMins 0.3 M a-methyl-
D-mannopyranoside { MM, Sigma Chemical L) T
FEZESL, BIREERTIEESELA. DLT&D
ConAZFEY Ly H—TYU R UFZEOI
Fo-—-viile & .

RO L QMR 1E5 21 PWM S0 0.5 ml 55
W T, 37C, 5% CO,fHRBCHEL L. HE
7 Hi% Ig-PC &8 e

{1} fR72L X viable & MNC 2 X10% {fi (ConA
FEESG T o —T) v ABRAFTE, Y
I8 TN —T viability #HET5FT MNC
AT T4 MMRAFEL )12 ConA FFH
TV oy =T B E A TR

(2) {2#7F L 7= viable & MNC 2 X10°{fI= CenA
B Ly —T) Y R DT F—N
#a% N2 T 56,

(3) ConABEYF Ly —TY RO DH,

4) ConAFBHENF Lo F—TYU 13k~
ko — HIFE O &,

KOFHERT ConAFRS 7L oH—TY /KD
MrErsEdL £

Percent suppression = (1 -

The value of percent suppression less than 0%
was set at 0% and those greater than 100%
were set at 100% and statistical analysis was
petformed,

Assay for the Enumeration of Ig-PC. The
number of Ig-PC (IgPoly-PC:total number of
immunoglobulin-producing cells, IgG-PC:IgG-

Ig-PC number in(2) — Ig-PC number in(4)

)% 100

% Suppression FHX 0 %L TOBHRZ0% & L,
W0% LI ED & Di3100% & L TREATL 7~

. g-PC MOEF. Hammarstrém 5% @protein AFS

FRMERIZEA T I— 7 ETRES T Y EEHITRE
(IgPoly-PC: B u 7)) »ELHEMMEOBH, G-



producing cells, IgM-PC:IgM-producing cells)
was counted by protein- A hemolytic plaque
assay as described by Hammarstrém et al 12
The cultured cells were washed once with RPMI
1640 culture solution and resuspended in 4 ml of
the same culture solution. A 100kl aliquot
was mixed with 50pul of protein A (Pharmacia
Fine Chemicals, Uppsala, Sweden)-bound sus-
pension of sheep red blood cells (SRBC), 25l
of rabbit antihuman immunoglobulin (Poly, IgG,
and IgM) antibody (MBL, Tokyo) of 20X
dilution, and 25 pl of complement derived from
guinea pigs and absorbed twice by SRBC. A
volume of 100 g1 of the mixture was placed in a
Cunningham chamber and incubated at 37°C for
three hours. The number of plagues formed
was counted macroscopically. The assay was
performed without the knowledge of exposure
status.

Statistical Procedure, The values of each
examined item of the two exposure groups in the
matched pairs were compared using Wilcoxon
matched-pairs signed-ranks test'® to examine the
dose effect. Age effect of each examined item
was tested by common regression analysis and
Kruskal-Wallis one-way analysis of variance. '

RESULTS

Effects of A-bomb Radiation on the Differenti-
ation of Peripheral Blood B Lymphocytes. The
median numbers of IgPoly-PC, IgG-PC, and
IgM-PC by group are shown in Table 2. IgPoly-
PC, 1gG-PC, and IgM-PC in the exposed group
were 212.0, 140.0, and 29.5, respectively, which
were all lower than the corresponding values of
232.5, 163.5, and 40.0 in the control group.
However, no statistically significant differences
were observed between the two groups.

Effects of A-bomb Radiation on the Function of
ConA-induced Suppressor T Lymphocytes. The
median values of percent suppression against
IgPoly-PC, 1gG-PC, and IgM-PC on the function
of ConA-induced suppressor T lymphocytes by
exposure group are shown in Table 3. The values
against IgPoly-PC, IgG-PC, and IgM-PC in the
exposed group were 80.5%, 77.2%, and 75.0%,
respectively, which were all lower than the
corresponding values of 82.3%, 87.5%, and
82.1% in the control group. However, no
significant difference was demonstrated between
the two groups.
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PC:IgC E4 &I, 1gM-PC:IgM EEMas) %

CEFELL, 0% HEEMNESE RPMI 1640 T T [

B Lot FIEER4ml cBREEE, 2O—8
(100 #1) 2 protein A { Pharmacia Fine Chemicals #,
Y7, ATa—Fv)Ede Y VHMEk(SRBC)
SEWESOL, WHEEHERLLYFFie FRE
ra7Y v (Poly, IgG RU IgM) #ifk (MBL, %)
2541 BUF SRBC T2 ERIRL AEVEy MBH26 4] &
BELAE. ZOEATIN0M % Cunningham chamber
AL, CCIBMEERLRLAT I -2 %
MR CHZL ERRIEBRBOMRELLTHDL
i,

BERIF. BRIPEFSIEDHLE, —dHFo
ZoOOHEBRBORERE Z L OWEME  Wilcoxon
matched-pairs signed-ranks test™ # v T gL 2.
BEREC LMo HEREEOERFERET
Kruskal-Wallis o 28 0 & A Ta#~ L.

B R

ERRAREOFREmRBY L BRMEEEICS A3 BE.
% 2128l IgPoly-PC, 2G-PC RV IgM-PC O
':[’.9&‘[[5. Rl 7. #EBEO IgPoly-PC, IgG-PC BT
IgM-PC i 4 #h212, 140K U'28.5 & M B D
232.5, 163.5RUM0.0IZELwFhbEETH - .
LA AL 2HEMCEANETZERED ok,

EBRHAED ConAZRF Ly —TYL R
BEICSAAEE. E3 xR EROD IgPoly-
PC, IgG-PC RU IgM-PCI2%} ¥ % ConA FX+ 7
Ly —TVY ¥ BRI 13 5% suppression
HRE FRLA. HIBEO [gPoly-PC, IgG-PC R
IgM-PC iz #t % 3% suppression £ 7 H Fh80.5%,
77.2% R U'T5.0% & 1B EED82.3%, 87.5% R U
82.1% It LLFRGEHTh-A~, LAL2 BRI
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After seven days of cultivation, the number of
Ig-PC was counted.

 Determination of ConA-induced Suppressor T
Lymphocyte Activity. ConA-induced suppressor
T lymphocytes were prepared by the method of
Haynes and Fauci® A 0.5ml MNC suspension
(2 X 10° cells} was cultured for 48 hours at 37°C
in a 5% CO, incubator supplemented with Sug
ConA (Sigma Chemical Co., S5t. Louis). Control
cells treated likewise without the addition of
ConA were also prepared. The cultured cells
were washed three times with 0.3 M q-methyl-D-
mannopyranoside (aMM, Sigma Chemical Co.)
to remove ConA and then rinsed once with
culture solution. Thus, ConA-induced suppressor
T lymphocytes and control cells were obtained.

Each of the following cell populations was
cultured at 37°C in a 5% CO, incubator in 0.5 ml
culture solution supplemented with Sul PWM.
After seven days of cultivation, the number of
Ig-PC was counted:

(1) Preserved viable MNC 2x 10° cells (MNC
were preserved at 4°C for 48 hours until
ConA-induced suppressor T lymphocytes
were obtained and tested for viability by
Trypan blue} + ConA-induced suppressor
T lymphocytes

(2) Preserved viable MNC 2 x10° cells + control
cells of ConA-induced suppressor T
lymphocytes

(3) ConA-induced suppressor T lymphocytes
alone

(4) Control cells of ConA-induced suppressor
T lymphocytes alone

The function of ConA-induced suppressor T
lymphocytes was calculated from the following
formula: '

1g-PC number in{1) — Ig-PC number in (3)

Ig.PC %32 7.

ConASFHYFTL v H—TUL/NBREEOAE.
Haynes & UF Fauei® ) S E: 128 U T ConA 353
T T v EEHLAL 2D, HBE
FEIZEFWE &7 MNC 0.5ml {2 X10 % {# ) iZ ConA
(Sigma Chemical #t, t>¥ b4 A) 5 ug XML,
37C, 5% CO,fHRAZTBMRMBREL L. T
oy ba—IL#laE LT, ConA ERINTHEMBIZER
L7z, ConA %< 7015 EHiE% 0.3 M a-methyl-
D-mannopyranoside (MM, Sigma Chemical #£) T
IEFFL, FIERECIEESLA Bz LD
ConABFEY S Loy F—TU v SRR ETNDT >
P - LR R

KOEZEAOMHEREBEES M PWM M O0.5m] H#
WHRT, 3TC, 5% COBRETHELL. HE
7 Bi#% IgPC £ 3% 7

(1) {RFF L % viable 2 MNC 2 X10°% {8 {ConA
BT =T v SRHFTCE, b
232 T —T viability #HET5F T MNC
BAC TABHFBIfRTEL /2) 12 ConA HH
BTy T Y R E N TEE

(2) {®7#L 2 viable & MNC 2 X105 {#ic ConA
BES Ly -T2 kO PO~
Hifi® mx T .

(3) ConA#BHM4 FL v —TY ¥ BRDA,

(4) ConABEEYTL v H—-T1N) RO
b2 — AR &,

KOFMERT ConA BHS 7Ly H—TY ¥ /55D
BEEEENL %

Percent suppression = ( 1 -

The value of percent suppression less than 0%
was set at 0% and those greater than 100%
were set at 100% and statistical analysis was
performed.

Assay for the Enumeration of Ig-PC. The
number of Ig-PC (IgPoly-PC:total number of
immunoglobulin-producing cells, IgG-PC:IgG-

Ig-PC number in(2) — 1g-PC number in (4)

)x 100

% Suppression A O %L TOHEIZ0% & L,
100% L En & D I12100% & L TIRFL 7.

NAg-PC OB TE. Hammarstrém 5 Dprotein AFES

FMIRIZE BT 77 RTRESO ) Y ES I
(IgPoly-PC: REF v 7 Y ELMIam# &, G-



producing cells, IgM-PC:IgM-producing cells)
was counted by protein- A hemolytic plaque
assay as described by Hammarstrdm et al.1?
The cuitured cells were washed once with RPMI
1640 culture solution and resuspended in 4 ml of
the same culture solution. A 100ul aliquot
was mixed with 50ul of protein A (Pharmacia
Fine Chemicals, Uppsala, Sweden)-bound sus-
pension of sheep red blood ceils (SRBC), 25l
of rabbit antihuman immunoglobulin (Poly, IzG,
and IgM) antibody (MBL, Tokyo) of 20X
dilution, and 25 pl of complement derived from
guinea pigs and absorbed twice by SRBC. A
volume of 100yl of the mixture was placed in a
Cunningham chamber and incubated at 37°C for
three hours. The number of plagues formed
was counted macroscopically. The assay was
performed without the knowledge of exposure
status.

Statistical Procedure, The wvalues of each
examined item of the two exposure groups in the
matched pairs were compared using Wilcoxon
matched-pairs signed-ranks test!® to examine the
dose effect. Age effect of each examined item
was tested by common regression analysis and
Kruskal-Wallis one-way analysis of variance.??

RESULTS

Effects of A-bomb Radiation on the Differenti-
ation of Peripheral Blood B Lymphocytes. The
median numbers of IgPoly-PC, IgG-PC, and
IgM-PC by group are shown in Table 2. IgPoly-
PC, IgG-PC, and IgM-PC in the exposed group
were 212.0, 140.0, and 29.5, respectively, which
were all lower than the comresponding values of
232.5, 163.5, and 40.0 in the control group.
However, no statistically significant differences
were observed between the two groups.

Effects of A-bomb Radiation on the Function of
ConA-induced Suppressor T Lymphocytes. The
median values of percent suppression against
IgPoly-PC, IgG-PC, and IgM-PC on the function
of ConA-induced suppressor T lymphocytes by
exposure group are shown in Table 3. The values
against IgPoly-PC, IgG-PC, and IgM-PC in the
exposed group were 80.5%, 77.2%, and 75.0%,
respectively, which were all lower than the
corresponding values of 82.3%, 87.5%, and
82.1% in the control group. However, no
significant difference was demonstrated between
the two groups.
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PC:IgG FE £ M B2, IgM-PC:IgM EEMB M) %

CEELA, 0 DEREE RPMI 16408 RETIE

L%, FERYEd4n CEREEY, 20—
{100 1 )& protein A (Pharmacia Fine Chemicals #,
UTHT, AT =—Fv)EEe Y VKM (SRBC)
BPEWSOK, W0FLHMLAETHFHe PRE
a7 v (Poly, IgG RU IgM) #i{& (MBL, )
25ul RUF SRBC T2 EIRILL /e TN E v M#fF25 4] %
BELE. FOESH100] # Cunningham chamber
CHAL, T TORMEERARLATI - %
ARTHLE EHRIEBKBOMAZLTTH
.

BEHRIE., KEYRTANGLDE, —HFTO
ZOoOEBROBRERBILOWEME  Wilcoxon
matched-pairs signed-ranks test” £ BT 7.
BRERBZ:OMBOMBELREOEARETFEY
Kruskal- Wallis o 20 (I3 2 & A e TH#EN L.

7® 2

EEEAHROFEMBY LB ML C 5 2 S HE.
#2 12 #HRHEHO [gPoly-PC, IgG-PC R [gM-PC D
e R A2 HIBBO gPoly-PC, IgG-PC RV
EM-PC 32 h#h212, 10RU20.5& sl O
232.5, 163.5&U40. 01z L WFhbERTH - 2.
LA L2 BHICHEENEFEBZLEADShE ok,

ERHHIED ConAFRT T Ly —TU R
BEICEASHE. #3 CMREMOPoly-
PC, IgG-PC RU IgM-PC 12214 5 ConA M+ 7
Loyt — T ) ¥ S3RBEEIC 511 5 % suppression O
i 2R L. BIEBMO [gPoly-PC, IgG-PC BV
IgM-PC iz %53 5 % suppression (X% 1 FR80.5%,
77.2% R U75.0% & s B EE082.3%, 87.5% R U
82.1% LB FhbERTH o2 LAl 2 BRI
HIMAEREZIAL S o L.
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TABLE 2 COMPARISON OF THE DIFFERENTIATION OF B LYMPHOCYTES BY
EXPOSURE GROUP
G2 B SR {LHED e, HERTER

Exposed Control Statistical test
No. of . "
3 Wilcoxon matched-pairs
pairs Median Max Median Max signed-ranks test
Min Min
IgPoly-PC
70 2120 764 2325 615 z=-0.442
21 36 p= 066
IgG-PC
70 140.0 550 163.5 417 z=-0.702
11 11 p= 048
. IgM-PC
70 29.5 208 40.0 197 =-0.111
5 p) p= 091

The number of Ig-PC was counted by the plaque-forming method using protein A-bound

SRBC after incubating MNC mixed with PWM for seven days.
Ig-PC 313 PWM "M T 7 BMEEL A MNC 22w T protein A &6 SRBC 2 Alw/i 77— i1z

Ko THAL.

1gPoiy-PC: Total number of immunoglobulin-producing cells
REFyOT yEEEROER

IgGPC:  Number of IgG-producing cells
TgG FEEMIfn &

IgM-PC:  Number of IgM-producing cells
TgM B MR 2

TABLE 3 COMPARISON OF THE FUNCTION OF CONA-INDUCED SUPPRESSOR T
LYMPHOCYTES BY EXPOSURE GROUP

#3 ConAFEHTL o4 —TY Y S5R¥GE0 R, BB

Exposed Control Statistical test
No. of . .
i Wilcoxon matched-pairs
pairs Median Max Median Max signed-ranks test
Min Min
) % suppression against IgPoly-PC
67 80.5 100 82.3 100 z=-1.016
0 0 p= 031
% suppression against IgG-PC
69 77.2 100 87.5 100 - z=-1.253
0 0 p= 021
% suppression against [gM-PC
63 75.0 100 82.1 100 z=-0471
0 0o - p= 0.64

The extent of suppression of the differentiation of B lymphocytes to Ig-PC by incubation
with ConA-induced suppressor T lymphocytes was compared between the exposed and
control groups.

ConA S5 WA 7Ly —TULHRIZEEZBY ¥ HROIg-PCADFILAEIZS X BIPRIBRAE £ HERET
4 -3V
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TABLE 4 SUMMARY OF COMMON REGRESSION ANALYSIS FOR RELATIONSHIP BETWEEN
AGE, DIFFERENTIATION OF B LYMPHOCYTES, AND FUNCTION OF CON A-INDUCED
‘ SUPPRESSOR T LYMPHOCYTES
B4 Hgh, BY /RS LERY ConA BEY TL o4 —T) ¥/ HEBREMOD
RO 122 W T OJE 0 ER AT O R8E

Regression Analysis

Variable ;
Test of signi-
Number  Constant Coefficients ficance for
(SD) (8D) coefficients
Y X P
IgPoly-PC Age 140 2138 0.611 >.05
(8432.9) (1.663) NS
IeG-PC Age 140 146.2 0.385 >.058
(3979.0) (1.142) NS
IgM-PC Age 140 69.5 -0.478 >.05
(457.9) (0.387) NS
% suppression against IgPoly-PC Age 137 87.1 -0.228 >.05
(239.7) (0.280) NS
% suppression against 1gG-PC Age 139 91.6 -0.327 >.05
(271.2) (0.301) NS
% suppression against IgM-PC Age 133 110.5 -0.714 ;.05
(345.5) (0.335) *

NS Not significant
METE

*Significant at the 5% level
5% NRETHRE

Effects of Aging on the Differentiation of
Peripheral Blood B Lymphocytes and on the

Function of ConA-induced Suppressor T
Lymphocytes. Table 4 shows the regression
analysis on the relationship between age,

differentiation of B lymphocytes, and function
of ConA-induced suppressor T lymphocytes.
Regression coefficient was only significant for
percent suppression against IgM-PC and age. The
value of percent suppression against IgM-PC
decreased significantly with increasing age.

Table 5 compares the median value of the
differentiation of B lymphocytes and the
function of ConA-induced suppressor T lympho-
cytes by three age-groups {< 50, 50-60, and 60+).
The statistical difference of these examined items
by age-group was tested by Kruskal-Wallis
one-way analysis of variance.!®> There were no
statistically significant differences between the
three age-groups.

DISCUSSION
It has been known that the incidence of leukemia
is high among A-bomb survivors, especially

FHMBY LB F{LEER L ConA BES T Lyt —
TUSNRBEOMECEBHE. %4 W,
BYYEROFILAER T ConA FR TV v —
TU Ao BREMOBRERERT, EEHEY
I # B U IgM-PC (2%t T % % suppression (2721
TOHEETH-. 2FEDIgM-PClizft+ 3%
suppression X MN¥E & & HICHFICETL 7,

F#S5 =00 FEMBE(<B0, 50-60 % 60+ ) Bim
B Y /R (LHER LY ConA BB 7Ly ¥—TY /3
o P RELILET S, EHUENREHBD
A MZER 13 Kruskal-Wallis O 28 @RIz L -
THEHALEFD Zo0GERBEMIZEHANEEERD

Gdoi.

o
FRERE CARBAF ERBTIZLEAFASHIzEAT
Y, Hit10rad D EOBREIZHBRL -850 5%E
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"TABLE 5 EFFECTS OF AGING ON THE DIFFERENTIATION OF B LYMPHOCYTES AND
THE FUNCTION OF CONA-INDUCED SUFPPRESSOR T LYMPHOCYTES
#5 BYY/RAMEEER T ConA HBEY 7L o — TV Y NERBRONKIC L3 BE

Age
<50 50-60 60+ Kruskal-Wallis
one-way analysis
. f variance (df =2)
. Max . Max . Max o
No. Median Min No. Median Min No. Median Min
IgPaly-PC
27 274 " 764 8 2085 602 27 243 627 H=2.23
65 34 21 P>.05
1sG-PC

27 165 550 86 1455 461 27 145 417 H=0.978

29 32 11 P> .05
IgM-PC
27 40 208 86 36.5 197 27 29 164 H=2.69
.4 2 3 P> .05
% suppression against IgPoly-PC
26 84.5 100 84 81.9 100 27 78.2 100 H=0.86
: 0 0 0 P>.05
% suppression against IgG-PC
26 0.0 100 86 80.9 100 27 79.5 100 H=291
28.6 0 0 P>.05
% suppression against IgM-PC

24 88.0 100 82 81.0 100 27 76.5 100 H=143
0 0 1] P> .05

among those exposed to 100rad or more.'»*® It

has also been elucidated by chromosome analysis
{direct bone marrow method) that hemopoietic
cells of proximally exposed survivors have
chromosome aberrations.!® Thus, the develop-
ment of leukemia in A-bomb survivors is a direct
deleterious effect of A-bomb radiation on the
DNA of hemopoietic cells. It is also possible to
speculate that immunologically competent cells
were destroyed by A-bomb radiation, resulting
in disorder of the Immunologic surveillance
system, and thus the abnormal clones produced
ultimately led to the induction of clinical leu-
kemia. Decrease of phytohemagglutinin (PHA)-
induced transformation of lymphocytes in heavily
exposed survivors has been reported.'® However,
few studies on the antibody production system
of A-bomb survivors have been conducted.
Although more than 35 years have lapsed since
A-bomb exposure, survivors exposed to 100rad

BAEFOILIMOATWE. 05 £ AREREHERE
i, FlEEERc L Re koo ss, SmE
Bt RERRENS3EFHEMIZERT VRS, 1
ok, BERELCEYIALBEORER, FEE
BEHRoEIMHEL DNA o+ s EmnsEEREIL
k2bLDEEZZTEHNTER, £, BEHRKRHEHRC
K AEELERASE RN, F0ADIRERRE
HOEAhHIFEL, ZOZEFRELEREIO—-Y%
HEL, AMEOREC> AL ELLSNS.
BEEMBEICE TS PHA LR Y ¥ 35k hF{LR G
DETHFESEHTWE.® LaL, BERESEEC
B AMBEE Y AT LTV TORERS L. 22
T, B IBREGELLFEBALASATIRS S,
FRBEHBRERIEIEEI BTV ERE
100rad i @i B LA S AR RYENZ



or more were examined in order to determine
whether A-bomb radiation effects still remain
at this time. In humans, previous studies of this
kind have usually dealt with lymphocytes of
cancer patients treated by radiation therapy. It
has been reported that a decrease of lymphocytes
after therapeutic irradiation persists for several
years,'”> and that the mitogenic responses to
PHA and ConA are reduced.™® [t has also
been shown that suppressor T lymphocytes
are more sensitive to radiation than helper T
lymphocytes in in vitro experimenis on the
functional aspects of Iyrnphocyt:es.6 Another
report has indicated that the ratio of suppressor
T lymphocytes to helper T lymphocytes defined
by monoclonal antibodies does not change after
radiation therapy.19

The present analysis demonstrated no statistically
significant decrease between the exposed and
control groups in the differentiation of B
lymphocytes into Ig-PC by PWM stimulation
and in the function of ConA-induced suppressor
T lymphocytes. However, the differentiation of
B lymphocytes into IgPoly-PC, IgG-PC, and
IgM-PC as well as the function of ConA-induced
suppressor T lymphocytes showed lower values
for every examination in the exposed group than
in the control group, This may indicate that
some effects of A-bomb radiation still remain in
lymphocytes of the survivors. To our knowledge
there has been no report which demonstrates
difference in social life or dietary condition
between A-bomb survivors and nonexposed
individuals which could induce such differences
in immunologic function.

When the effects of aging on the differentiation
of B lymphocytes and on the function of ConA-
induced suppressor T lymphocytes were
examined, a significant decrease of percent
suppression against IgM-PC was observed with
increase of age., This suggests that certain
immunologic function of ConA-induced suppres-
sor T lymphocytes decreases with age. Although
there may have been a difference in response of
immunologic function in irradiated subjects
by age no attempts were made to examine this
in the present study due to the small sample
size when classified by dose and age.

Although the present analysis has certainly not
significantly demonstrated the existence of a
radiation effect, the statistical procedures used

RERF TR 1-84

THhi, ZhETOEMISYAHED L1, HE
BERETUABREOY YRV TEERT
B, ERBEEO) RS HEL LI R K
Zk%,173 PHA R ConA X< 4 b=r izt 3
RIBEFETS 3T EFREsLT S,
% /- in vitro MEERRIZH VT, V¥ ZROEEEATN
HhS&HEBEYSTL oh—TH X/ 8L, A=
TU»ERIZM L CHREBREREF B LIRS
ArEhTns S Lal, Byo— MMl sT
HELEF Ty —TY 228k EANI=T ) W3
ROLFITEHSBHRELTETH -2 LT 2 HSE
Al

AFETITHIBEEB Y >~ /5ko PWM 12 & 5 Ig-PC
AOSFLRE R U ConA FHEYFL w4 — T v /38RO
Hhett, MEBCHEUSEHMIAERIIETL WS
IR EE s Esok. LL, BY ¥SHRO
IgPoly-PC, IgG-PC & 8 gM-PC A ¥ Ain )
FIEEE BT ConA AN T 1L v H—T ) ¥/ RO \EE
b, TNTORNEECERENGHIIENTET
LTwikztd, h¥heds b FERIAHROBYE
FHBE) VARUEIBTWVWAILEERLTVLAED
phLhZV, F#FBL0H0 ) 50 T, HEH,
EEBREHICOLIEREHROZ LIS
HEEEPRERENRVIIRE T ATV AL,

B Y v /SRSHEHE R UF ConA 58T U 3 /SERIEHED
TENC X A MEAETNLLC A, MlE kb IgM-
PC 124t 2 % suppression OHEL{E T T 7.
ZHIE ConA FEAS 7L yF— T Y v kD ERES
g G ETTA2 L 2RET 2. BHBEHT
EMIEVRERBIIEZREFHLIALLNEVAY,
AEEIzFV TR, AEEHAIFDNECOTRERY
EWUNOBIFIERSI 2 h o L.

AEORFCHEBIRHBOBEER I Lok
A, TR U REEETEIRBY ¥ RO SE
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here may have rather poor power to detect BEUY 7L ¥ —TH vy Atn 288

small shifts in B lymphocyte differentiation or
suppressor T lymphocyte function.
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