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Influence of Dose Rate on Tumorigenesis in C3H /He Male Mice

Irradiated at a High Dose Rate or Low Dose Rates, in Relation to

Calculating the Dose and Dose-Rate Effectiveness Factor.

Hiroshi Otsu, Takeshi Furuse, Yuko Noda, Shigeru Kobayashi, Hisako Sakiyama, Akihiro Shiragai*
and Norikazu Yasuda™*

Division of Physiology and Pathology, * Division of Physics,

** Division of Genetics

This experiment was designed to assess the value
of dose and dose rate effectiveness factor (DDREF)
by using the linear regression coefficient at high dose
rate and that at low dose rate. The above coefficients
were derived by least square method from data on
the incidence of myeloid leukemia and lung tumor
and ratio of life shortening in mice irradiated with
gamma-rays from Cs-137.

The irradiated groups consisted of 13 groups, of
which 7 groups were irradiated in doses of 0.25 Gy,
05, 1, 2, 3, 4, and 5 at a dose rate of 0.882 Gy / min,
and 3 groups in total doses of 1 Gy, 2 and 4 at a
dose-rate of 0.39 Gy / day, a group in a total dose of
4 Gy at a dose rate of 0.089 Gy /day and 2 groups
in total doses of 2 Gy and 4 at a dose rate of 0.021
Gy / day. Unirradiated groups served as control.
Incidences of neoplasia were presented as both crude
incidence (I) and incidence rate (Ir) by person year
method.

The DDREF values were obtained by the
regression linear coefficients of the line equations in
the text derived from data on the incidence of
leukemia, incidence of lung tumor and ratio of life
shortening in both dose rate groups. The values
showed 4.90 (9.46 / 1.93) for leukemia, 1.11 (1.13/1.01)
for lung tumor and 253 (3.80 /1.50) for ratio of life
shortening. The difference of the DDREF values
implied that there was difference in influence of dose
rate on tumorigenesis among some irradiated tissues.

Lung tumor and myeloid leukemia were found

statistically significant among various types of
neoplasias appearing in this experiment and their
incidences showed acceptable fit for linear-quadratic
model as a function of dose in the both dose rate
groups. The equations for leukemia were Ir = 0.78 +
14.95D — 2.29D% (r = 0.93) in high dose rate group and
ILr =~ 0.68 + 267D — 0.18D% (r =0.92) in low dose
rate group, and then equations for lung tumor were
Ir = 1.98 + 0.97D — 0.098D” (r = 0.80) and ILr = 2.05 +
0.67D — 0.045D? (r = 0.85).

Although liver tumor spontaneously developed
frequently (88%), there was no statistical difference
in the incidences between in control groups and in
irradiated groups (64%-87%).

More experiments should be continued to obtain
the finer DDREF over wider range of dose rates in
order to estimate more precisely radiation risk.
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Figure 1. Ratio of life shortening of C3H mice.

Redaction Rate

The ratio is represented by a linear-quadratic
equation as a function of dose, with which mice
were irradiated at a dose rate of 0.882 Gy / min

(®) ingroup Hor0.394 Gy /day (O) in group
A or0.089 Gy /day (@) in group Bor0.021 Gy/
day (&) in group C. The equation for group H
is RLH =-0.56 + 6.05D — 0.80D?(r = 0.99) and
RLA =019+ 478D — 0.79D*(r = 0.99)for group
A.
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Figure 2. The regressive line for group H (®) is

RLH = 0.13 + 3.80D(r = 0.98)and RLA =178 +
1.50D(r = 0.84)for group A (O) by using least
squares method. The DDREF value was equal to
3.80/1.50 (2.53).
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Figure 3. Incidence of myeloid leukemia in C3H mice.

Incidence (%)

The incidence was described as crude
incidence(l : — )or incidence rate(Ir : - )by person
year method. The incidences were drawn in the
diagram as a function of dose, with which groups
of mice were irradiated at a dose rate of 0.882 Gy /
min (—~O-—:crude incidence, - @ incidence
rate)in group H or 0394 Gy/day (-0O0-—, &
) in group A, or 0.089 Gy /day (—A—, A
) in group B or 0021 Gy/day (-&-—. —
®—) in group C. The incidence provided an
adequate fit to the linear quadratic model

equations, which were equal to
equations(7),(8),(9)and(10)in the text.
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Figure 4. Regression lines of myeloid leukemia in C3H

mice.
The lines were depicted for group H (—O-—,
@) and A (—=0O-—, ---HE-), Dotted line

was derived from data of the incidence rates and
solid line from that of the crude incidence.
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Figure 5. Cumulative incidence of myeloid leukemia

Incidence (%)

in C3H mice. Solid lines indicated the cumulative
incidences in groups of mice irradiated at a high
dose rate (—O-—:group Ul, —0O- :group
H-025Gy, —<— group H-05Gy, X :group H —
1Gy, —A-—group H-2Gy, [N]:group H-3Gy,
(T]:group H-4Gy, —®— :group H-5Gy), and dotted
lines those in groups of mice at low dose rates

(--O--:group Ug, @ .group A-1Gy, B
--:group A — 2Gy, @ :group A — 4Gy, A
-+-:group B — 4Gy, --®©--:group C — 2Gy, B
--:group C — 4Gy).
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Figure 6. Incidence of lung tumor in C3H mice and

regression curves for the incidence.

The incidence was represented as a function of
dose, with which groups of mice were irradiated
at high dose rate (O or @ )in group H or low
dose rate (B or O )in group A,( 4 or A )in group
B,( € or <)in group C. Regression curves were
derived from data of the crude incidences(dotted
line)or incidence rates(solid line)and drawn from
the equations(19),(20),(21)and(22)in the text.
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Figure 7. The regression line for the lung tumor
incidence. The lines were drawn by the
equations(23),(24),(25)and(26)in text. The lines and
signs in this figure mean the same in figure 6.
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Figure 8. The cumulative incidence of lung tumor was
represented as the curve in all groups.
The lines and marks in this figure stand for the
same in figure 5.
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Figure 9. The cumulative incidence of liver tumor was
shown as the curve in all groups.
The lines and signs in this figure represent for
the same in figure 5.
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Table 1. Life Shortening of C3H/He Male Mice
Exposed to Gamma-ray Irradiation

Dose Rate Dose  No.of  AverageLife Span  Ratioof Life =~ DDREF(e)
(Gy/min) (Gy)  Mice (days = SE)() Shortening(d)
o® 0 281 7113 £ 83
0.882 025 139 7062 + 11.2 0.7
05 132 703.7 + 127 11
1 116 6713 + 13.6 5.6
2 118 654.0%+ 11.9 - 8.1
3 183 6341+ 92 10.9
4 122 638.5%+ 12.4 102
5 103 641.2%+ 13.6 9.9
ol® 0 252 7223 £ 92
0.000208(® 1 87 688.5 + 16.5 47 1.2
2 222 677.2%% 10.1 6.2 1.3
4 281 6740+ 9.6 6.7 1.5
0.000067(®) 4 176 647.6*+ 9.8 103 1.0
0.000016(¢) 2 92 673.0%t 13.2 6.8 1.2
& 275 660.0%+ 7.1 8.6 12

a) The dose rate is equal to 0.394 Gy /22hr / day

b) The dose rate is equal to 0.089 Gy / 22hr / day

¢) The dose rate is equal to 0.021 Gy /22hr /day

d) See equation (1) in the text.

e) DDREF = ratio of life shortening of high dose
rate group exposed to a certain dose / ratio of
life shortening of low dose rate group exposed
to the same dose

f) Unirradiated control group was kept in the room

on the 3rd floor of the late effects research

laboratory

Unirradiated control group was kept in the first

gamma-ray laboratory.

* Significant difference in average life span

between the experimental group and control

group(f)or(g)by t-student test(p < 0.005)

Average life spans were calculated by

Kaplan-Meier method

g)

h)

Table 2. Incidence of myeloid leukemia in irradiated
C3H male mice

High-dose-rate Low-dose-rate groups

Dose groups Group A Group B Group C

(Gy) Incidence RateD) Incidence Rate Incidence Rate Incidence Rate
(% £SE®) (% £SE) (% +SE) (%+SE)

0 1.1+ 08 1.7 0+ 0

0.25 3919 54

0.5 08+08 1.2

1.0 63+25 94 00 0

2.0 128+ 36 201 3.6%x13 53 44+ 22 6.6

3.0 1834+ 3.0 29.1

4.0 117+ 32 183 46+13 69 23 %11 35 3.6+11 55

5.0 11.3£ 35 175

a) SE:standard error
b)Rate:number of mouse with tumor/mouse day105



Table 3. Cumulative incidence of myeloid leukemia in C3H /He male mice

High dose-rate group

Low dose-rate group

Dose-rate (Gy/min) 0.882 0.000298 0.000067 0.000016
Dose(Gy) 0 025 05 1 2 3 4 5 0 1 2 4 4 2 4
Age(days)
0- 100
101 - 200 0.71
201 - 300 0.71
301 - 400 0 096 0 208 233 414 194 25 0 0 09 071 0 0 0
401 - 500 056 096 083 313 233 710 583 175 09 142 0.57 1.1 1.09
501 - 600 113 192 417 581 1301 1068 100 135  2.49 114 220 218
601 - 701 1.92 417 1047 1538 1165 11.25 135 391 1.14 330  3.64
701 - 800 3.85 625 1279 1598 270 391 227 4.40
801 - 900 1834 3.60 427
901 - 1000 4.63
1001 - 1100
1101 - 1200

Table 4. Incidence of lung tumor in irradiated C3H

male mice
High-dose-rate Low-dose-rate groups
Dose groups Group A Group B Group C
(Gy)  Incidence Rate®) Incidence Rate Incidence Rate Incidence Rate
(%=SEY) (%+SE) (%£SE) (%£SE)
0 124+ 25 1.8 16323 23
0.25 212+ 40 3.0
0.5 167 34 2.4
1.0 14636 2.2 136%33 20
2.0 18.6 £ 42 2.9 248+29%3.7 16.5+3.9 25
3.0 260 = 34% 4.1
4.0 214140 34 263+26%39 1481+27 23 21.5%25 33
5.0 26.3 &+ 49% 34

a) SE:standard error
b)Rate:number of mouse with mmor/mousedayl()"

* and # indicated significantly more increase of
lung tumor in the irradiated groups than in the control group.

Table 5. Incidence of liver tumor in irradiated C3H

male mice
High-dose-rate Low-dose-rate groups
Dose groups Group A Group B Group C
(Gy) Incidence Rateb) Incidence Rate Incidence Rate Incidence Rate
(% +SE) (%+SE) (%:+SE) (%+SE)
0 87.6+ 25 12.8 88.91+20 123
0.25 8941 3.0 12.6
0.5 933+ 23 132
1.0 91.7+ 28 139 6641+45 98
2.0 884+ 3.5 139 85.1%+24 12.6 637t 5.0 9.5
3.0 876 £ 25 139
" 4.0 874 + 33 13.7 87.1%20 130 85.8+26 13.2 873%20 13.2
5.0 825+ 42 128

a) SE:standard error
b)Rate:number of mouse with tumor/mouseday104

Table 6. Low dose-rate irradiation experformed

Authors Reported date

Low dose-rate
(cGy/day)

High dose-rate
(cGy/day)

Lorenz, E12 1947

Lesher, S® 1965
Upton, AC? 1970
YuhasJM'¥ 1974
Spalding, JE'¥ 1978

Ullrich, RL!® 1979

0.11, 1.1,2.2,4.4,8.8

12,24, 32, 43, 56, 74, 125, 220

Total dose Quality of
(cGy) radiation
life-time irradiation Ra y
d 1= 1400
d 2= 2600
d 3= 4300

life-time irradiation  60Co

0.5, 1, 5, 10, 20, 30, 40, 60, 80, 100  9650(6.7¢G/min) _ 25-9875

1.75, 3.5, 7, 14, 18, 56, 112

0.7, 2.1, 6.3, 184, 56.7

8.3,

49-392

20-1620

48000(40 cGy/min) 10-300

60 Co

137 Cs

60 Co

137 Cs

d1 indicates mean accumulated dose in group irradiated at a dose rate of 2.2cGy/day, dz at a dose rate of
4.4cGy / day and ds at a dose rate of 8.8cGy / day.

_10_
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The Effect of Calorie Restnctmh on Radiation-Induced Myeloid

Leukemogenesis

* Kazuko Yoshida, * Kumie Nemoto, * * Tohru Inoue, * Mayumi Nishimura, *% Toshiaki Ogiu, *
Toshihiko Sado
* Div. Physiology and Pathology, . * * Yokohama City Univ.

The spontaneous incidence of myeloid leukemia
was about 1% in C3H / He male mice, however it could
be increased 23.3 % after 3 Gy whole body irradiation.
Then, we examined whether or not the incidence of
myeloid leukemia was decreased by calorie restriction.
The diets were arranged so that the mice were from
each experimental groups ingested similar amount of
protein, lipid, vitamins and minerals. The mice of
restricted A groups (RA) were fed of the same calorie
(95Kcal) of control groups until radiation (10 weeks
old). Then, they were controlled to keep a body weight

% B

R & RETHIR & OBRIZ OV TIE 1940 FERFIFEL Y
BYERTRABRTEINTETWD, flZiE, BABED
A A, RHEE. MR, EARFBEREERA. (LERE
#1z X 5 Sarcoma, Papilloma 2Z&HFHIRICL VEEIC
BT B ERPESNRTND (1~T7), LALLM,
WA RS RIEE & AEIRICET AR R O®RE
L (8~10). BESMEHMFEORE & AEHIRIZE
THRWERR., FOIZ, THEOREDE ITBED
BEEFIRE TR > TWAB e, BN T5 <D

AR, RERIROFHEICHER DD LBbhb., £,

H4 OFFEE T C3H / He = v A DB 8 B M7 O B K%
ERIIH L % TH D2, BERICEI V& 1 ERE 272
HEMBIFEET S LEFER LI (11), TLTHRLH
REHBEIEIN3 Gy THY ., BHEAREREARVE Y
ThHhdTV RF=vgh, bDWE~ T RATEBERERICE
B SEDEICL Y BB L 0 ERICEENE S ME D%
EAEMSEsELHREL WD (11, 12)., £Z T, <
VAREFIZEETOCLERBEDOI R Y —REX 5%

of 25-27gm using 60 to 95 Kcal diet. The other groups
(RB) were restricted from 6 weeks old. The incidence
of myeloid leukemia in radiation plus control diet
groups was 22.7 * 3.3%, however, in calorie restricted
groups it is significantly decreased compared with
control diet group. The incidences in 3RA and 3RB
group are 10.7 = 2.7% and 7.9 *+ 3.1%, respectively.
Besides, the latent period of myeloid leukemia also
is prolonged in the both calorie restricted. groups
compared to control diet group.

- THERFREFRIED MR OV TEREITR T,
RERAE

HEMTEEENTZ CSH/ He v~y A& FRAL, 4%
HOMEFETERE2TR - (Table. 1),

B, MfBREEE LTI, 10k ER L OLEOR
BT, MENCEREFEHR L TW AR (RGBSR
R MB-1) # BEHRICERIE2EERE (N#) +&
Wi, ZOEO~-T X3 1EKII 100 25 120Kcal O
BEBENT D5, ZOBEBEEHIIHIBER & HARERP R D
TZHIEHER T v Y —RIROXBREE & 35 biFisidv g
DT, HBEBIZEWTAL5 1 oORBRELLT, = b
n—)LBE (CH) 28\, 20O~ 211 BM
12 9BKeal (hmn VU —HRBROEBREFTRILEDa b
o0 — LB BOICERATRE L AMD 100 A5
200 AOMICERLUEES D v U —5 o 80 %4gifER =2
fe—REOIn )~ L2d) BT, HIBEHIL6
B BEEEE, b I0BSETI L be—LATHEL.
FO% 605 9BKeal DR EZAVWTHEHEEL 25 225
2lgm CHFL2 Y b —ATHRABEL., 682565

_11_



EXPERIMENTAL GROUPS AND PROCEDURES

EXP. GROUPS DIET (Kcal / MOUSE / WEEK) - RADIATION NO. OF MICE
CN CONVENTIONAL DIET GROUPS NO 113
3N 100~120Kcal YES 108
ceC CONTROL DIET GROUPS NO 165
3C 95 Kcal YES 163
CRA RESTRICTION DIET A GROUPS NO 135
3RA 95 Kceal (10 Weeks) ~» 80~95 Kcal YES 131
CRB RESTRICTION DIET B GROUPS NO 70
3RB 65 Keal( 6 Weeks) —> 60~95 Kcal YES 76

Mice in the restricted groups were controlled to keep a body weight
of 25 to 27 gm using 60 to 95 Kcal diets.

Kcal DfABITHEL., TOHREEN 25 2L 27gm 12E
LB EEDREBIC XY 60 225 95Kcal DfFE 2 W T
BB br—1T5RBED2EEOHIBFEET
Teole, ITNLOERBREIEIZ 10BN T3 Gy 25 BH
THOHELIEBFAHLBEXAE LR oT, HEREILG6
B2 6 13 BN 5T THEBREITR - 72,

Bm ) —#HIBROERIZERLIZEEOKSE Table. 2
RT XS IfMhOfEt 244Gl Th LMty X 1T
LY, BAE. B vr2Iv. IxIARIZEREERT
HXOREEINTRY., R LETHIn ) —%a
Fe—AThXoIERLE, #IRRARESLRA ERBD
EBBEO-Y A1 BB 1 EEEZREL, BENS
2B 27Tgm 12725 X 512 60 5 95Kcal OfFEEZ AW T
v b=, w7 AIRAMICKRERT LS, B
i, fRES AR OERSHER Lz b OB TR B
L., MEFRREETRO &L DIUREBARENREZT
Rolt, D=7 R TRICHES LR EEREIREE
Tl oiz,

Composition of Dict(Gram/House/Week)

Diet 1 Dict 2 Diet 3 Diet 4

Ingredient 95Kcal/House/Wk. T0Kcal/Bouse/Wk. 65Kcal/House/Wk. 60Kcal/Bouse/Wk.

Cornstarch 13.6 8.5 1.4 5.9
Hilk Casein 6.3 6.0 6.0 6.3
Dextrose 2.7 1.6 1.4 - 1.2
Corn 0il 0.8 0.8 0.8 0.8
Fiber 1.4 1.3 1.3 1.4
Alpba Starch 0.3 0.3 0.3 0.3
Vitarin Mixture 0.3 0.3 0.3 - 0.3
Hineral Hixture 1.9 1.9 A 1.8 1.9

The diets were arranged so that the mice from each experimental groups
ingested similar amounts of protein, lipids, vitamins and minerals.

RS

6E X VTR E COLHIREEIZONWT, vUALR
B 1EMCER LTSS v Y —%i Fig.  1IoRTHR
BHOFETEIRD bR, BEBNL 10EE T
vihue—VEERELUBREZI VBRI LI RA#
% 60Kcal OfARt L VB LT U 20 B4 £ T 70Kcal
UTOEBRELZ > TWEHR, TDO#% 70Kcal 75
80Kcal DFERETEH L. KEDOLEHFREIX CRA .

..12_

SRAELLHT5Kcal TH o7z, 6B L VHIBEEZKBEE
L7z RB # T34 40 8 £ TOEHFEREIL 65Kcal T,
FORBAICERERZEML, S0 BE2#M%5 & RABE
RIS IZ R E T 7T0Kcal 25 80Kcal D2 & L. 68
PORETHECTOEYNFEREIIBNE, FEBREEL LY
72Kcal ThH o7z,

CALORIE INTAKE

go |

KCAL PER WEEK

s0 F !

50 1 1 1 i 1 1 L 1

0 20 40 60 80 100 120 140 160
WEEKS

HEEOLHIBHEETa Ly b — AR RELTWE
RA BT, B, FERFHLLDIRKRREEOCLE NS
Z—varLie (Fig. 2). BEEEOMEERL 30gm T,
FOBRBE I ) —HIREITR o L BHICAEITEHITH
SLIS ESTRAPEENRZEELEZEZITVS 2555
27gm OFEBEIZAVETETE2ETIREZIOEELMHIE L,
—%. 6B XY 65Kcal DHIBEREZIREIL 7 RB &%,
RABLEBCBHELERFH L OMTHRECL S
F—DEREDLNT, 6BIVBEBERND 65Kcal ®
FRHIR A2, BERVWSTEABD LR SEL V1
MUBIT 12 T25gm . 14BT2%6gm L7220 FDH# 25
»5 27gm OFEHEMERE Lz, 95Kcal D=3 hw— Vg
X, S, JERHEBEE LEERX208E THENLET. #
D36 55 37gm OEEEZ 70 B E THIFEL, FO%KRA
WA Ulc, BEEE L BHNED 1084 TIEEII# 30
EmT, FOHRGEEITHEMUET 0BTS T h—iiE
Lz, ##113 Gy BHBEDO <7 2DEEDIZ H BO0E
VWMBERIAELS ORED T,

BODY WEIGHT — N

45
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MEAN SURVIVAL DAYS

EXP. GROUPS NO.OF MICE  MEAN SURVIVAL DAYS G-W Test
CN 113 7104 + 11
3N 109 632+ 12.3 1)
cc 165 778.6+ 14.4 2)
3C 163 670.0+12.8 1)
CRA 135 834.1+18.4 2),3)
3RA 131 772.4+17.0 1),4)
CRB 70 810.0 + 25.0 2)
3RB 76 716.4:25.6 1,4)

G-W Test : Generalized Wilcoxon Test.
Significant Difference were observed as follows 1) P< 0.01 between

unirradiated and irradiated groups, 2) P< 0.01 between CN and CC, CRA, CRB.

3) P< 0.02 between CRA and CC, 4) P< 0.01 between 3N , 3C and 3RA, 3RB.

+: Standard error.

Survival Ratio (%)
i

&
b
40 +
- "\

n
o
1

Age (days X100)
Fig. 3 Snuvival curve of unirradiated groups.
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Fig. 4 Survival curve of irradiated groups.

EHAEFEBRROEFHBRIZEN TN Table-3 KU
Fig. -3, 412" ¥, £FEHBRITOVWTEHE L IERHRH L
45 & Generalized Wilcoxon # T 1 %L FOER
RTMUDOERBEIZBWNTYH 3 Gy BEH THEMDOEREH
B b, JERHNBECRETFEIC L 2 EFHROERIC
DWTHET S & #1600 BZIFMTROBEETLEEEID
BHLNRWE, BEART., 600 BUEL Y A2FHICET
TETYZARNEMT IR be— L ARBETIRY Y A
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RAWRETE L, HIBAERORA & RBIZ700 B £ Tit
WAL ARETTHH, FOHIFabr—LE LR
BRREETRT Y AN+ 5, EH4EER KT CN:
710. CC:779. CRA:834. CRB:810 A THh3, CC.
CRA . B XU CRB iZ CN & @ [ T Generalized
Wilcoxon #5112 X Y 1 %L T OEBE THEMOIERE RED
bhic, £z, CRAIZCC DT 2%UTO/BEE
THEMDEENED LN TWS B, CRBIZCC X vy
AFERREEVATEE OB TIIRH SN EESIZED S
Nz,

3Gy BREBTHIBEERL Iy hu— BRI 600 A
FCREE & DITERBERFETHETH S, 600 A LG
Tz be— R CHTHBITBIEIC R Y, mEDOR

TS %UTOERET Y ba— L BETHEMDIER A

BObND, GBI VHIRAEZHELZ I3 RB T 300
HIZDRTEBIRLRLEWERANZEDLNDEH, 3N, 3
CLHBRLTI%UTOERETHEEREMDERENED
bivd, e, BEHBIVHBAEEZHRHALZ3 RAKT
i3, SNRU3CLHEBLTI%UTOEBRETEEY
FMOEEPBO bz, BEHET, HLHFEAOEVE
EEHEBIVEREICLZ3RABDOTI2 B, KIT6E
Iv#HiBE (3RB) 716 A, = rue—nA& (3
C) :6708, B8R (3N) ®632R E%2o7-,

INCIDENCE OF MYELOQID LEUKEMIA

EXP.GROUPS NO.OF MICE  NO.OF MYELOID CRUDE INCIDENCE OF
LEUKEMIC MICE MYELOID LEUKEMIA (%)

CN 113 2 18413

3N 109 25 229+ 4.0

cc 165 3 1.8+ 1.1

3C 163 37 227+ 33

CRA 135 0 0

3RA 131 14 107 £27 1),2)
CRB 70 0 0

3RB 76 6 79 £31  2)3)

1),2),3) : X 2 tests for the incidence of myeloid leukemia. Ststisticslly significant
difference between 1) P< 0.02 : 3RA, 3RB and 3N, P< 0.02 :3RA and 3C,

P< 0.01 : 3RB and 3C.
+ : Standard error.

B A MR ORERIZOWTIE Table 41271 X5
2, ERHABETIHEEER. = be— B LHEERIT
2%LUTFTTholehs, HIRER T 16 bEHESLFED
EBEXBRDLALTWARY, 3 Gy BEETREEATR
21%, 3 bu—LBTIE27%E, MEOETIEE
BED BN hoTe, BEETaY bu—LA& LRFEDHE
BEBE, TOBRFBRECARZTZ3I RATIZ0T7 % L@
HE, I bu— L AORERDKESERY, ZALD
BLOMIZX2T A T2 %UTDOERE TEBEM A MK
DEERBYBED ORI, BHAOG6EL Y HIBAEEH
FEL7Z3 RBEETIRFRLBEREIEIL, 7T9%Lo7,
HIRAHET/2bb, 3 RB &3 RA TREEERRDL
NEWA, 3RBIZANEDOHETIHE2%LLT, 3CLo
TR 1%L TOERETA®* T A MLV EEENE
bhie, UEOHEREZE LD THD L. Hu ) —#IBET



CUMULATIVE INCIDENCE OF
MYELOID LEUKEMIA

25

15

INCIDENCE (%)

1000

Fig. 5 CUMULATICE INCIDENCE OF MYELOID
LEUKEMIA

ROBIREVBEARRVNZY bu—LE& L ORI THRIERS
EEHMEBMRORERIIFRICRI L, ZORRITRE
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3 Gy BEEMTOEHM A MR © Cummulative
Incidence % Fig. 5 ind, BERE. 2y hn—RE
L300 8BS LV EHEAESEELIZLD, 20
BARGEICHEM L, WE TRENY —VZKEREZEDS
Niphote, Zhiza LT, BEZFBRELZHEELRZS
RAHTIZ. BUIO LFIOREEITLTI A LBEBER, 2 b
v VBRIV KEEBEL, BEROEMLODEET

b, 6AXYVHIRELHEE L3 RBETREIENT,

690 B CIHO TOREFPBEE SN, AEORRID. &
n U —HIRRIz & Y B8R B IR ORERHIZERIGEES
HLEZDBND, '

K-

<~ REAn Y —HIBTHLICLVEBREMEERS
L., REHSEREHEANFEORERLETIEDZZ 28
Ao bizolc, HICEHERLROBERZIT2E 2N
i, BHEETE D D u ) —FIBE2TRoTFBZOHRIT X
DEREIZEND,

HREHTEEEAL W 28E 2 8HICEZ 5 Tid.
HEIFa he— BB BN ERAFERRIZ
Fr—LAkY LIERNETRERE S Lz, Ll
ﬁB\8Gy%%ﬁﬁ®%%ﬁam%®%ﬁ$@é<@$
Tholz, AROESBRBEBER L2V ba—LE L TIHE
A%, BT AEIZHERLRVS, 20 %ERED
A a ) —HRTIRAEEIIED T8, Pl L bEERT
FREINDIEBHEEALROBERICIEZELRITFERNVY
DEEZBND,

Bm Y —HIfRIZ XV RSB BRE N R MR ORIERE
Wb EE DL HAT BRI, KEFSRT—#— 135
BTV, LPLENE, BXOFHERTIZ, Fu
Y — IR 24T 72 o To~ 7 A DR T DO MERHRAa R A L
KWHYLTNWAERERELNLTNDZ &b, BHEILY
Fu ) —HREITR-TEHTIE, BEBOELFRREILR
TAERMMBTH ZENBMBOBPD AR L TWA
MEREZBND, LPLARRL, BEBEETa L be—
BEHELCETIR, BREBOBRMREE Y -1

ER—ThH D, BHEHEOENMEOKDEDZ T TR
HHATERY, HIFEOREBBE2 A =vo—v a7
wE—vgly, Tulbyaiaitade, B3 RA
BHTiRAe ) —#HBROHEE I nE—Vay, Fud by
Va UOBRRBIZEE L TWAREENEW., Kic, BHE
OEMBMBOEEEEDZER, Cell CyclelZ A>T
RO LES, BEHEBREOMENELZOND., Tk,
FERBRPXETBRLVAFET LRI LBBERZEMNEE
BEVIRERDHD, BEhu ) —RE2ERLE-YREE
ey —HI0 THRSEETSA F—alxr—2

(IL—-2) DEEPEBVNEXRREIATWVWS (13),
IL — 2 BAifaS THBEZEEET2ER AL TS
B, RHEHBSEREHEAOFOEEL, TuE—v 30
BRTREEDEVIEELTWAFEELZEZ N5,
HDEWVIRT T ADOEHEEAMFEORBEICEET S EBETIR
FIEEEINTRWE, FOBGFRERREEN I v Y —HIB
EOBEBEZITCVWEFAEELELLND, b r U —Hl
FRIC & 0 BB IBAT D Z OB IZ W TIRIES I Bk
DHLHETHHNB, SBRORFTBEL L TEIATNS,

An Y —FIRIC LY FRERFEMOERPED bITR,
RAEH TR EHICHRT 2 BHMEE LE ORBAEE M
FRIZBAOTHETIRNHATE S, L Lign bIERK
BTbhul—HBickoarbe—natBEgHRe
A7 (CRA) LOMTHEIRFEOGOEENRED LN
TW3, 72, BLEFEMTH-oZOL CRABEThH -T2,
FOLE, a2y be— AR TLEEARAB LKL THFER
HEHOEENBDHOLNTWS, C3H/He~wv RIBER
THE LSS, FESHN %O A ERRBETS
OTEERLaV M u— VB L TRERORDBRELD S,
FAa Y —DEZFT TR BERITEIRE LLTWE
BTHIAEELELOND, #->T. a3 ba—LBE
EEDT, HIBAERBETOFBEORERREITI0E
PHLRAKOHD LI ThHD, TOREELEIBAT,
RO EEVUARETE L EZIATHDIDT, RIEZETD
T A OV THEBEORESK T LTWRWVWOT, &
WBRZZIZE 20N, BEDOL Z AFIBREE TOFERER
BETFTLTIWAERANBEDLNATWS, thOBERELSD
THRERYIBIET D722 0, b VITTER LD
THDOPRBENEZATHS,

SEDER TIE 55 ~ 9%Kcal DEE T 7 ADMEKE L
B ~2lgmizavin—nNT5HkExdEofen, KRED
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Effects of Tritiated Water on

the Development and Differentiation in Animals

Takeshi Yamada™, Tomohisa Hirobe, Yasuko Hyodo-Taguchi, Yuh Fujii, Yasuyuki Kurihara** and
. Hisami Etoh
Division of Biology, * Toho University of Medicine and ** Yokohama National University of

Technology

The Present work was carried out as a research
project with aims at comparing the effect of internal
beta particles from tritiated water on the
developmental system to those of external gamma
rays.

Pregnant mice were irradiated with beta particles
from tritiated water in total embryonic stages to
investigate effects of tritiated water on brain
development and melanocyte differentiation. Brain
weights and protein contents of brains decreased in
a  dose-dependent manner. The  abnormal
differentiation of melanocytes (mid-ventral white
spots) increased in a dose-dependent manner.
Similar results were obtained in the animals
continuously exposed to '*" Cs-gamma rays in total
embryonic stages. The values of relative biological

1. % &

NUF T AR—FEOY R FMITY 2 - T, kP
TR LMHEBREZEREVED D WIRIR~DORE
THIENEETHD, AFETIE. BEBEY R LL
THICEERWIERROEBEL, SAZHEL L (284
BEMSEETE T, VBV OEZRA X IROEELE
BELTRIFULR—FE0ORBE it Lk, #EkH
5 hUF T AKOMIBIEE. MEKE~ODHRIZFELHA
ROENTERZYE, BYORE - HMe~OBPRIZOVWTIIZ
EANERARBNT I el ole, 22 TARFETIE, BTz
DEICEE LERRERBAK, UATE M FULKD
DREPORBE, BIZHEE., WE 1 7EHERB XU
SGEDFZE LTIRAT /34 MO bEEEICE LA
LTz, . AFDIZRVTRBLEBETOBEERICL
DIREENDZ LRMBLATWT, HEHERLR LT
WHHB O AEFEEL LT,

effectiveness of tritium-beta particles on brain
development and melanocyte differentiation were 1.7
to 2.0 and 1, respectively.

Embryos of medaka were exposed either to
tritiated water (9.25-37 MBq / ml) or to **" Cs gamma
rays (dose rates of 0.44-1.89 Gy /day) continuously
from morula to hatching. The newly hatched fry were
bred under usual conditions for 1 month and young
fish were fixed in buffered formalin. Vertebral
malformations were observed on whole-mounted
skeleton specimens. The incidence of vertebral
malformations increased significantly in both groups
irradiated with tritium beta particles and " Cs
gamma rays. The RBE of beta particles relative to
gamma rays was estimated to be 1 based on the
dose-response relationships observed.

2. BHERE
4. 2V AREHBE~DO MY F U LAORNKRE
BC3F1 %t~ 2% ICR R~ U R L REL S, B
EREBLICB LY N T U ABLEMSREEDOREER —
i~ 2% L, FBEO NI FULKEEZTZ, TD
BITIROEHMIC DT Y BEFMICITIRE Z 2 L. A
BIUBAD KN FULREEZY LV IAF XV FAF—T
RIE L. BRI~ U AETIEE~ T 2RO MRNIEBE
EIER M) F U LEBENRA—CRELTHRNEEL2HEL
oo Elz. BREEBOEKESZ 90 % LEEL TREEER
RHEE L,
v, vURARBRAOHT o wBBEFBLU NI F U LkEE
FHIET (BB#: 7:00—19:00) TEHE L BC3F1
R AR LW ICR R~ 7 A% 5516 B A5 3 B
FEEYZ, BRzER LM~r 2 (EEROBR) to
WCRIBART 11 B30 2 & 017 Cs 4 v =0l Byt &
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WTHRBFRTIIE30 5L 0¥ Cs Vo ~BOER RN %
Bith L7, REHIAIEOKMEEM (9:30—-11:30) %
BT 1R 2EBThnk, EEI8 ABRFEYHEI

Lo THRREREBRY L, FE, MEE. MOF I HE,

DNA B4 JE L7z,

b U F U LRS- OEBRDBE LRI 3 Rt~ v
2B EEREER LM~ 7 212 50 — 500Ci/
ml (1.85—185MBq/ml) OEFBEED MY F 7 AkE
E Uiz, FIRICIEIE 18 R HIZF YL, BRIRDOKE.
MER. MoF 7 E8E. DNAEBZRELE.

N, RURRAT )Y A FADHU=HBBIO M) F U ALK
EES

C57BL/10JHir-p/p %% D i & C57BL/10JHir SR #E D
AR EYEREBBLIEAOFAN11:300& 9% Cs
Hro<HBOERRE 2B LE (030 — 075Gy . BE
£ 1 0.5cGy / day-4.5cGy / day ). FREHIIARIE O 18y
B (9:30—11:30) %W T18 28MfToNE, B
IR 1S R BICEIE L, A% 25 H BIZEAEZHEL
HEEEEOEE 2RIz, NYF U LKELEDERDEE
b EEICIT WM< 7 22 20 — 50uCi / ml (074 —
1.85MBq /ml) OFEED M) F U AKERE LI,
=, PUFULKDOR=FBIZLEATIEOBERREE

ERFBAL O HMUC BIOH REDIE 2 ZHE 14 4
BHOEERMSHMLET (H5CTTHI0A). 93—
37MBq /m! (025 —1 mCi/ml) ® HTO #¥7zid#t
BER04 — 19Gy / day ¥ Cs ¥ v~ REFRH T °H

FL., SMLBEBEOKICELTHEE L, ML 10 A&,

#HE 15 — 20 mOFHEA % 10 % buffered formalin T 24 K¢
MEE L%, 1%KOH T&#H/kL, alizalin red S C
BEERALT, £FFERLERL, EEEBE THEES
DODRELFORERTZ, £/, LR, HiE BELR
[ ARYIE € S e

3. RESLUER

A, 2 U RABRMABEA~D ) F U LORPRE
CERFIB LY MY FULAKEEZTHE BANY FY
APEEXEREERE L. 710 A TEFREBIELZ.
TR DOEREL 90 % L EL TREBEZHELL

LZ A, BERENEEIZEE N F U AKOEBEIZHAIL

T#ik L7 (Fig. 1),

B, PIFUAKDT T ARROMER, WMF I EE

a5 h B X B

BIRLE 7 2R Cs — Vo ~HaEBRRHEL
(140 — 555Gy, #&E=R, 0.11 — 042cGy/min). &
BoY v&—%k, o 2AS) ORI BEOKE,
MEE, MY 7EEBXUDNABERNZ, Vy
Z— IR BBTHEEERR LN PoTe b DD, By
A=) ORRIERREITRBREGICHEMNL., AEIX
555Gy BBIHEE, WMEERE., WY V7 HEERIUDNAE
11 348Gy U EDBHEHETHREFERENLADNT
(Tables 1A, 2A), —H. MV FULKERE LIS
St WIVRRPIEE DEITBENE L 2B o T
L., Yy =8B L, LPLAERL, 20U v¥—
BOWMDIZRIIELTERE R ¥ DERBEOTLTOEMEY b
K&EL, ZOBPRECEFRMORCICERTLIbDLE
Z2bND, e, BROBECHER., MKy 7 HEIX

40 l
o 30f
S
T 20F
=
§ 10F
0
0

Embryonic age (day)

Fig. 1 Accumulated dose (cGy) in embryonic mice
after exposure to tritiated water (HTO). 104Ci /
ml(x), 20uCi/ ml( O).

A. 137Cs-gamma rays

Total Number Total Average/Litter

dose(Gy) of dam Alive Absorbed Dead Alive Absorbed Dead Total

0 14 122 0 2 8.71 0 0.14 8.85
1.39 6 41 1 4 6.83  0.17 0.67 9.17
1.74 9 77 3 1 8.56 0.33 0.11  9.00
3.48 8 58 5 0 7.25 0.63 0 7.88
5.55 12 77 14 0 6.42  1.17 ] 7.59
B. HTO

Conc. Absorbed Nurber Total Average/Litter

(pCi/ml) dose(Gy) of dam Alive Absorbed Dead Alive Absorbed Dead Total

0 0 6 57 0 0 9.5 0 0 9.5
50 0.64 7 60 2 0 8.6 0.3 0 8.9
100 1.19 8 67 0 1 8.4 0 0.1 8.5
200 3.41 7 49 1 5 7.0 0.1 0.7 7.8
400 6.45 3 24 3 3 8.0 1.0 1.0 10.0
500 7.53 1 5 1 2 5.0 1.0 2.0 8.0

Table 1. Effects of " Cs-gamma rays and tritiated
water (HTO) on the development of mice

50uCi/ ml (1.85MBq/ml) #EHTIIXRBEELEETR
Dofeh, FRLULEOBETIREEIZHD L (Tables
1B, 2B), L7z oT, ¥ ~E0HEEERNORERE LK
BTBHLEPM)FULN—FHORBE 217~ 20 & H{EFE
ENd, LB oT, NI FULR—FEKEIVT <HLY
< 7 ZADROMOFE IR INHREE > TN D
tEZBND,
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A. 137Cs—gamma rays

Total Body weight Brain weight Protein content DNA content
dose({Gy) (g/fetus) (mg/fetus) (mg/brain) (}.\g/brain)
0 1.33+0.03 81.00+1.16 5.98+0.18 834.59+28.61
1.39 1.29+0.03 74.63+1.70 5.65+0.11 832.63+40.56
1.74 1.33+0.02 77.68+0.95 5.74+0.13 667.46+24.10
3.48 1.29+0.03 73.26+1.46 5.55+0.11 778.38+19.80
5.55 1.09+0.02 62.09+1.55 4.91+0.13 546.15+17.30

B. HTO

Concen. Absorbed Body weight Brain weight Protein content

(}JCi/ml) dose(Gy) (g/fetus) (mg/fetus) (mg/brain)
0 0 1.26+0.03 81.63+0.71 3.40+0.09
50 0.64 1.28+0.03 84.06+1.20 3.45+0.06
100 1.19 1.17+0.02 75.06+0.67 3.10+0.09
200 3.41 0.99+0.02 62.88+0.92 2.35+0.05
400 6.45 0.58+0.03 35.56+1.00 1.47+0.08
500 7.53 0.44+0.03 23.16+1.14 0.90+0.09

Table 2. Effects of ®" Cs-gamma rays and tritiated
water (JHTO) on the development of mouse brains

N, RHTADRAS YA FNOMEITHT D MU F T LKD
ZhER

C57BL/10JHir-p/pR#E D~ 7 2 & C57BL/10JHir &
ok~ 2B L, EERHIZ Co—Hr~REER
T3 EFRICBNTEBPRICEAES A DI, TOHK
OEEIIST o< HBOBEITE L TENTEZ EBmbNT
W5, BERIZIEAT /) TTAM AT 9 A MBRET
B b BRI b 0MBoS LEmETs LE
26D, vV ACKRIEERAMEZELC TR FU LK
EHRELEEIS, MY FULAKOBEIZSEC CEHE
HOBEEREE T, M) FULX—FH0DORBE £k
Bz ADRRICHERHHEZBL T Cs —H v
BEREEGRE L, TOBR, FRIZN)FULKERS
Lz BE L RERAERL BN, FOHEERY VKO
BERECTEMNLL, WEOEROBEELLERLE
VF o A_—ZHDORBEE# 1 Tho7z (Fig. 2).
=, NYFILKROR=FHBIZIDATHEOBEHRES

(1) MEREAFR  EBHIBHETIEZ, HM4 B
O HO5 #£12# 90 % DIENR S L, FD3HET70 %H 1

B B OMRIZRoTe, T o< HOBEGREEIT. MRS,

SBB L ENEL oA, P F UL TREBEIERTL
TebRE 1 H BBOEFEROETRERETH LN,
(2) BHBORE  N—FBRBIUOHT V< HBORHTT
FE LI A S DOFHERIZIZ, 27 ULEOHETOBE. HE
BOEHALE, HREFEOKIMEDEHHEE RA LN
(Fig. 3), TNHDRRFEORERIT MY FULKOR
BEEET U~ EOBRBICA LT L, WHE 0K
BE-HEBHELL, NIFULR—FRLETHD
RBE 13 LIiiEWERE O (Fig. 4). (3) F
HER & QNG OE(L  FHEBEIIA XD ORFEIC L -

F1(C57BL/10JHir-#/7 £ x

40- C57BL/10JHir8)
= HTO
u
a 301
1))
3
:E 137Cs
2
B 20.
oy
o
[<}]
3
o
@
[

10-

0‘ T T T -
0 20 50 (HTO, xCi/ml)
0 0.30 0.75("'cs, Gy)

Dose
Fig. 2 Frequency of mid-ventral white spots after

exposure to *" Cs-gamma rays (O) or tritiated
water (HTO, @) in embryonic mice.

Fig. 3 Typical osteological malformation of vertebrae

in medaka after exposure to tritiated water (HTO)
during embryogenesis.(A)Normal vertebrae in
control fish (H04) at 1 month after hatching.
X 14.(B)Fusion of three vertebrae of fish exposed
to 37 MBq/ml HTO during embryogenesis.
x 28.(C)Incomplete formation of vertebrae of
fish exposed to 9. 25 MBq/m! HTO during
embryogenesis. X 28.(D)Lack of vertebral process
of fish exposed to 9.25 MBq/ml HTO during
embryogenesis. X 28.
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Fig. 4 Relationship between accumulated dose and
incidence of vertebral malformation in medaka
after exposure to chronic radiation during
embryogenesis. The data are plotted as a function
of accumulated dose.( O )HO4, B particles;( ® )
HOS5, B particles;( A YHO4, 7 rays;( A )HO5, 7 rays.
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Studies on Estimation of Radiation-Induced Genetic Damage in

Mammalian Germ Cells

Izuo Tobari, Yoichi Matsuda, Toyoko Utsugi-Takeuchi and Masayuki Kitazume

Division of Genetics and Division of Technical Services

Abstract

The analysis of chromosome aberrations in the
eggs fertilized with sperm with exposure to X-rays
at spermiogenic stage was performed to estimate
radiosensitivity of mouse germ cells. The
radiosensitivity was markedly higher in the early
spermatid stage than the late spermatid-spermatozoa
stage. The large amount of DNA lesions induced in
spermiogenic cells persisted as reparable damage
until sperm maturation and were effectively repaired
in the fertilized eggs. The characteristic of X-ray
damage induced in the spermiogenic stage and repair
mechanism for the damage in the eggs was compared
with the results with two chemicals, MMS and MMC.

[ = v AR XU T 5 mERFR LA
RE LU AR T DRAMRER
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EBRERSTROBGHEEL R T2HE. EFEMRICE
Ul#EREDN. BETERLRELIIREEEARATRL
LTEESNIBELH#EMICTARD i, BEERT S
o—FDUEDTHD, EFEMISITHRFHROEDE I
ko CDNABENISI &R INTES, FhALIFESHIC
bl HEREFERBERICBW T4 R EERRCHK 2 &
e, BELCEGHREIZHEEN L CERERL L
RizEzbhd, WILEYOBEERIIBIIZRIT SERB T
FOBRE A & < FBEIaE. R, BERfio=-o
DAF—=VIZRTBENTES, BERABICEC kG
FEREIFMRAEEBR TRERD L ORET B EERTHY
ETRETH IO L. BRI A U IEHRBER
B DBPHCTLREEREE L LTEESH, BKEZITS,
—F, BEOREOEMBTE CEEIR. SHEO—M
BB T LD THREEARE L LTEESND., &
OEHIzAE UTBERERIELASEIKERD Z L2,
ZRENMLCEBERIEAOND YD, BEEEXTEENIC

il

The radiation-induced chromosome aberrations
in the fertilized egg at pronuclear, S and G2 stages
were examined to study a relationship between
radiosensitivity and repair  capacity. The
radiosensitivity drastically changed with cell stage,
and the change of radiosensitivity was correlated with
repair capacity of the egg.

The genetic basis of male sterility in the
interspecific hybrids of mice was studied
cytogenetically as the model of radiation-induced
damage in spermatogenesis, and it was clarified that
the X-Y chromosomal pairing in early spermatocytes
plays an important role in male fertility.
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1 Dose-response relationships of chromosome-
type breaks(O)and exchanges( A )induced in
oocytes (a) and sperm (b). Dose-response equations
are follows;
breaks: Y = 0.33 X 107+ 444 X 107 D (P < 0.001)
exchanges: Y =0.23 X 10724+ 095 X 107D + 5.14 X

1072 D2 (P < 0.05) in oocytes,
breaks: Y =— 0.03 X 107'+ 1.14 x 107'D (P < 0.001)
exchanges: Y = 0.64 X 1072+ 0.80 X 1072D + 1.00 X
1072 D?% (P < 0.01) in sperm.
Y is the yield of aberrations, and D the X-ray dose
in Gy. Vertical lines indicate 95 percent confidence
limits.
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Chromatid & c s cf exchanges

2 The frequencies of chromosome aberrations
induced in 1-cell mouse embryos with X-irradiation
at the sperm or oocyte stage( [J )and the frequencies
induced by X-rays and post-treatments of 1 mM
arabinofuranosyl cytosine( ), 20 mM
3-aminobenzamide( % )and 2 mM caffeine( % ). Each
frequency per genome is demonstrated by
deducting the frequency of spontaneous
chromosome aberrations or the frequency of
chromosome aberrations induced by the repair
inhibitor alone. The chromosome aberrations are
divided into 3 categories, chromatid aberrations
(chromatid gaps and breaks, minutes and
chromatid  exchanges), chromosome  breaks
(chromosome gaps and breaks, chromosome
fragments and non-terminal centric chromosomes)
and chromosome exchanges (dicentric and ring
chromosomes).
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3 The frequency pattern of chromosome
aberrations induced in the first-cleavage metaphase
of the eggs fertilized with sperm with X-irradiation
of 4 Gy (a), i. p. injection of 5 mg MMC / kg (b) and
50 mg MMS / kg (¢) in various spermiogenic stages
(O), and enhancement of the frequencies by 2 mM
caffeine (A) and 10 mM 3AB treatments ( [J).

ETHH., ZFEOBHEIMER. DNA polymerase D
EHITH D arabinofuranosyl cytosine(ara-C), poly
(ADP-ribose)polymerase @ [ £ #| T & % 3-amino-
benzamide (3AB) tERBEBELMETLEEZDLND
AT oA BB L., £ UDREERRYE & JOIEE &
L, TR, BF. T biRXBRIcE-> THEREN
DHEEREDIZLACIEREATETHY, UIFRMER T
linear 72, A E ¥ T linear-quadratic 72 & &%) 58
BEarLE (K1), 2ZTHEBEBTREAIR, BFexlL
MFOBHBEZEREDOTENZ L THDH, ara-C
BRERERNDL 4B, SABLH T A U ELERER L
T UTER, FRHEELELETOEERER THEAR
BEREDEL A LN, BFBIUIIFICE U XHIBE
IR % ZMEERRIEIC K o TEREIN TEE S LB AN
AEENTE (K2). L, BFBLUUFi4&LZX
MIBEICA T D ZAFIVDEEDRITIIRER L O D -
oo REFREOINFIRE _BESH T Michbicy., BT
DNA X7 uZ I By EBP N BB F I nvTF
BERLoTWEZ L, £, SEHAVWEER TSR
BHIC L DB TOZREEOEBTIRALNZNZ &5, £
F L OF O RREEEOEL. TRINDBEDROET
e, L LABHEO DNA 2RV EL 2 FHEDEI
ES< DNABEEOEEKTIEEZ NS,

2) R RT D HREHER L UMb E R T D BF
T OB AR Rt

B AHE ORI, R2olc s 7 OMEEHEES
SIERBIIT=ZFEOERR., X#H. w14 b1 C

(MMC) &AFNAFZNKREE (MMS) 24408
L, —HIfEHIRICE U DB REE 2R, &b,
M AE Ll Z b DREHREN EOREZRERFE T
FL, SHEZENGTTEOREBEESNEI P25
T, RREHEO MM ZEOBEREA.
3-aminobenzamide (3AB) &7 =A & EHAIE L
TH LR ERE 2 EAEBEORR LIl Lz,

ARy R % ORGSO B REE MEL, W3E% 8 B A
(k) A8 LT, PHf—pifliiEMmE (12 — 20
A) TEHARABTFH (0-48) O3 ~4EEL< RS
(B3). 1 — iR Tk E/25MAE b g A
BEL, REHODNAERPEZ B THEZ L6,



Z DR E R RS ORI R R AR T BBRIE V., HiZ MMS
DHPAT, BIHRAEF O PHEME (4-120) k&
W CEEMERE <. REH DNA SR H LD RIERE
kg (16 — 20 H) TIRBRAAEREIIEEALALNT,
HEBRORRLELIAMBHTH S, TNEDORERIINER
DEMEIEEREROFBER L XD TEIL—&%T2., —4.
MMC T3 #]— piiRHRE CTEEEOREEREE P EE
ENTE T Thol,

BEMREHRE LT, XBBEIHLTIE3AB LS
7 x4 T, MMS#EEizH LT 3AB ©. MMC &%
R LTED 7 oA VTEERRAEREDOHEMAE L LN
o &V biHbEmE MMS & MMC #BiEizx4 5 3AB

%1 Summary of the effects of repair inhibitors at
various stages of cell cycle on the yield of
chromosome aberrations at the first-cleavage
metaphase in the egg fertilized with sperm exposed
to 5Gy X-rays.

Chromatid-type Chromosome-type

Treatment in Total

fertilized eggs Stage aberrations Break Exchange Break Exchange
5 Gy+10 mm 3AB G,-M +++ + + +4+ —
5 Gy+10 mm 3AB G, ++ + - - + o+ + -
5 Gy+10 mm 3AB S-M - - - - -~
5 Gy+2 mm Caf G-M +4+ 4+ + + 4+ -
5 Gy+2 mm Caf 1 - — — —- -
5 Gy+2 mm Caf S-M +++ + + ok -
5 Gy+2 mm Caf early G,-M +++ + 4+ 4+ - + 4+ -
5 Gy+2 mm Caf late G,~M — + — - —
5 Gy+10 mm HU G, + 4+ + - +++ —
5Gy+2mmHU - early G,~-M + + + 4+ — — -
5Gy+2mmHU late G,-M — - - —- -
5 Gy +1 mmara-C G, + + - + -
5 Gy+0-2 mm ara-C early G,-M - ++ -

5 Gy+0-2 mm ara-C late G,-M - - - — _

+++: P<0-001; ++4:0001<P<0-01; +:0-01 <P<0-05; —:P>01.

%* 2 Summary of the effects of the repair inhibitows
3-Aminobenzamide (3AB), baffeine (Caf),
arabinofutanosyl cytosine (ara-C) and hydroxyurea
(HU) in vatious stages of the cell cycle on the yield
of chromosome aberrations at the first-cleavage
mataphase of eggs fertilized with mms-treated
sperm at a dose of 40mg/ kg

£3 U RBMEARICE U XERB LUMM S EBE I
DZBEINOEEELMIRBAMOREG (BE: Lakfi
)

G S# G,
ZERK | LENY | BEEER
U X®R D X8R DK | X#&
ara-C + - + -
HU ++ - ++ -
X# BT
3AB ++ — - - - -
Caf - - - - ++ -
3AB - - + +++ - -
iR R F
Caf - - - - - -
MMS
3AB ++ | = + + - -
izl
Caf - - - - - -

Time after injection Stage Chromatid-type Chromosome-type

and treatment Break Exchange Break Exchange
MMS 40 mg/kg3 h .
+10 mM 3AB G, - - -t -
S-M - T+t bt -
Gy-M - - s -
MMS 40 mg/kg 6 b
+10 mM 3AB Gy~M - + 4+ LR -
G, - - — -
S-M + L4 o+ -
MMS 40 mg/kg 24 h .
+2mM Caf G-M - - - -
+1mM ara-C G, - - - -
+0.2 mM ara-C Gy-M - - - -
+10 mM HU G, - - - _
+2mM HU G;-M - - - -
410 mM 3AB Gy-M + 44+ + 4+t -
G, - - - _
S-M - + o+ -
Gy-M - - - _
+10 mM 3AB+2 mM Caf G, - - - -
S-M
MMS 40 mg/kg 12 days
+10 mM 3AB Gy —M B + LR -
Gy + - 4 -
S-M - 4+ + -

Gy-M - - -

+4 o+ P <0001 ++,0001 <P <00l +,001<P <005 ~. P>005.

* F value was calculated using the frequency of chromosome aberrations observed in the control group treated with 3AB since very

few chromosome aberrations were observed with MMS treatment alone.

FEEERNBI ; s REEREOEERMOBE S —, +. ++. +++TET,
Caf: A 724

ERBNT7 oA VOBEREDRIZE LS. AT VK
Ko TR I0EUEDREAREEERRD LN, 22
Th. REFETHIZ MMS 2 LB L-E4. REedERE
HEL AV L, 3AB LEIC L - TE LW
BERYE (264 /WS ) L) OHEBREPL LR, £z,
MMS ZEETid, BB F— BRI, MMC
MEFE TP — B 4 U BmiEgIis LT
BELREERENRRA LN L. KB BEICR
WTit, £2TORT—VIELTBEICH L TREEDE
BHEESHRE S A BN,

IHhHORERIT, BHBIZE LI 2 DBOEE
72X #., MMS BEXUMMCHEESHEAEFETEEL,
TREBEZREINP THRLISBEIENRDI I LEZRLTVS,
Fio. FRINHBECEHEEESEEL. DNABIE
xS AE MRS (R — SRR ) DOBEELERED
BRI > TRELS ERBFREES R INE,

3) BRI 2 RaREEFREE L TRINOEE
BE & DR

MR A U BEEEDN, SRSV TLRAER
BELTEESNOIBE - ZRINOEERE L OBEL
FIZHRN 2 BH9T, BB TIo4 Uk X BIBE L s
F &P mEEIICA U MMS 85127 3200
E1E 8 LB ER ORI,
RARFIZXHES Gy 2 BH L, BoNZHEINO
< e e E B MEOBEERES. 3AB. A7 A .
NA XLy (HU). araC20EB L TEL DL
BERTEREN, NULOMERN EOMBAR TEE E
HETDPEFEMICBRANLE (F1, 3). TOER,
3ABIE GiHIlc BV THFIRA L XBBEDBLELFE
WCHEL., RafBmREEREE Lz, —FH, 17 =4
VALEBEE T G BV TR E SR L U a Rk
BEZLF I, £ HU T2 G, G i3tz E &R
BEEEHRPREONE, ara-C THLEETERVWEE
BREREOENBRL LN, TALOKRIL, BF
IR N D XFEEIZIX. 8 652 short-lived type &
long-lived type D —HEEOBRENFHAETHIZ LERLT
W3, BifFiEEL LTDNABE® AN 3AB £/ ara-C .
HU Iz X » TEEAEESh, LaEROTMES DHEE
PHEINT 5, —F., RHBMABREEREITEEICENET,
FLEALIIT X > T GITHIE S i ZEE O O H#



BiE. BRIITEIRVENZ EBEESRS, —F,
HU & ara-C Tid G#AHE T HEBEHEEDR S DY
GEAEREOEMA LN, ZORERE, BFREL K~
O X BIBEIX. Gl BWTEE Sz DNA #i
]ETRHLAEN., ERMLDGEOBEARIZL - TEEE
ZFBTEERLTWS, £, GBI 7 oA v
DEEE R BRNRH DI, P REOHEET, ELEHED
19 ThoTe, SHE GHIIRBITEII T =4 L DEE
FEMRE LM LEZLZ A, T2 GHBRHIRED
ERPED LNz, DNABRBIZAELEX vy 7O
FEB® (filling-in ) BEOHELIZE LIV, Eik,
ZREIR OIS B OBEIZFD b olled, BT =
A 8D GHBBIEOIMBNIZ L 2BERETIER Y. F
FIZELE XBIBECHTII 724 VIZ K ABEERE
WOWTI PR OBBEEEETILER DD THA S,
Biat) co MMS A8 & - C—MaSIE T #iz5
RENTZREEREOE R A 7T, Ra&EF. ZBE
REAE I BREEED L S R REFTIEETHY
I ORERIT, EHEBEIZBITAMMS SREGAAREE (188
A EBYESER) L RELSARRD, £, R T—
B DR FHIC T T MMS B2 Z T BT O
YA REOEER. SAB LB X o THEMEIEML
(£2. 3). AR FIBWTIE., 005 /MEH»5
264 M LTz, T OfERIE, = ORElicAE UlE
HEERE/: MMS BB IXSHME TREL. STHR%. kY
KRIRIIEEENDEZ LERLTWD, LT, S
ETHRETS MMS BERKEL 2B BbiILE, —
Dk, ZHEHO GHITHEENIZEER2ZTOHEET. &
RENDYALREITIEE A EPLEEEITINTR X ORH
HREETHY, L 0biTReEBINOEESSEL. ZL
T. G I To 3AB IR X » TEICY BATIGINT A3 1N
T5, COBOEEITEL LCRMBRTHEREhD S
&I DT AFMEILE > TZERAIER S vl DNA
UL EZ DN, TOXA FOBREBIZTFRHN 3~ 24 FF
MR OB FEICIEREN T, Z OBIIcIZTReERE
HHELRY, O —20HEIX. ZHIPO S iz
T 3AB THRMICIEENHEESNDE T V* L DNA
BLEZLN, SHOBEREIZL > TZEHUMICE
i, RESERBAESERINDEEZLNLD. L
T, PESERTBIL, BEALDBEE~T R a~F
WICERACAE LD, KRBT ICHEREND MMC 15
TR EAERZORTHY, 3ABEBLEE CIIREMKE
ERIZEACBEEBENRNI LD, Z OBOEIEI Y
HERBINOBEERATIELLEVI EBb)E, ElEh
DAtz h, BTEISHE AR FrET 2 E ikt A &
B4 D20, OB 29 DNA 155 3
HARAT B OB % ), “EHEEIENICER SN D ATRE
HLEZLDINERDD,
4) =AM OB L EE R L DR
HELEM IR BRI LT, MU RS A E W &
Wb TWB A, FOERZEIMBERIZE > TAELE
B9 5, Baid, B D0 EH OB BRI L IEERE
DR EFND 120, ZREZOMBZEAS (BRE1 -
ABER) . SHIRHE (75 8ER) & GHIRH (12 FEfE)
WXBEBELE®, SABEV 7oA v2LEL, £U
DY EERE AT,

-
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B4 Dose-response relationships of total
chromosome breaks induced in the eggs following
X-irradiations at 1h(O), 2h(A), 3h()and
4h( @ )after insemination. Chromosome-and
chromatid-breaks are counted as one break, and
chromosome-and - chromatid-exchanges = were
counted as two breaks. Vertical lines indicate 95
per cent confidence limits.

BT MIZ RN BV TIL, SREFMOREE L
ICAEHRESEIT BB HER L, £, BRI BAK
BEORLKELLLEH L (4). BRI EDIT
UGB RS OHIBEENED L. B ikeE (%
4F5MH) TREBBINDIYREEREDF LA S IIREERE
P Thote, T OBBHOLIIT, ZHINDO X HIBE
X BEEEREERESEELTVS (F5).

BRE 1 — ARRMIZ T T, BT oA LEETITEE
PAREDRDOIE TiIEALIRVE, 3AB LIEE TE R
DEMOREAIZ L bR WEEREEDEORTRALLNS
(#4),

ZORRE. XEBEEII L TR, 3AB 2 Gi#lic.
BT x4 B SHUBRCERNICEELEETDIINE
TOEBREREZERTE, BEER DNA 4 #IGE
BLIEHNT, SABIRE > TEENBEEENDZIZALTD
X BBECNTIZBIPOBENRF/ETL, SEEOY
BHEEERFRINDILOLEELOND, Tz, %4
BRI X BN SN ZBIP CLREEBTHEMT L A
EHIB L2222 oREEE LTI, Z O DNA &5
IRWAERITH L, ZEHOMOBFESLERTD
NN BIZDNAERBIIC A -Teleh ELZ b5,

—HERS AR T A TR MR RTRE FR S DY AR DS Bl 2 T TR
INBTcH. ZIEIPR OREMERTEE & MM AT O R R
HEHET DI LNTHRTHD, IR (EE% 1 -
SEFRE) TR I E LW BESEEDOZE R ED
bz,

B 1 B OZREINTI, BEOEME & LI g
B E LD REMREREDIESEED Lo, - 0
BEFERERTHIZD., ZOFBRIIBFBIURFD
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¥ 5 Dose-response relationships of
chromosome-type breaks (O) and exchanges (A)
induced in the eggs following X-irradiations at 1h
(a), 2h (b), 3h (¢) and 4h (d) after insemination.
Dose-response equations are as follows;
breaks: Y =— 0.12 X 107*+ 1.97 X 107' D (P < 0.005)
exchanges: =—0.03 X 1072+ 2.03 X 1072D +
3.06 X 1072D? (P < 0.025) at 1h,
breaks: Y =— 0.21 X 107+ 248 X 107! D (P < 0.005)
exchanges: Y =—028 X102+ 115%X 102D +
551 % 1072D? (P < 0.05) at 2h,
breaks: Y =—010X 10"+ 375 x10'D @®<
0.001)at 3h,
breaks: Y =0.10 X 107+ 550 X 107D (P < 0.001)
at 4h.
The dose-response relationship of chromosome
breaks at 5h, Y =011 X 107'+ 562 X 107'D (P <
0.001), is not shown. Y is the yield of aberrations,
and D the X-ray dose in Gy. Vertical lines indicate
95 per cent confidence limits.

#4 BIZEAIICHER SN XBEBEICHTSEERE
Al DB

Uiz, UL, BIEARASND 4 BERICIImE ORZ
HERIFEAE R 2otz

—F., WS 7 MizA Ul X BBEICRT 52D
BEELRARL LA, £TORT VBN THEE DM
CEEROERIELEAERBR P o, SEAWIESE
BEATIRE LA LOTERNVEEBE EEL T
HEgEELH AN, TS 2 — IEHENIIIIFHEBEICEA L
TR FHETE L E RS ERKT Lz inEh S ASEA
SNBEHTHRY, ZOROMHS ) LD awF
BEOERHABEZHEORREDO—EZBNS,

%5 SHiEGHO—HIEHITIZRTS XBEHIZE -
THERIINIDEERELFNIZHTEILI T oA D
eSS

® 8 5 18 AR MEAE | VREEEORE| 2 0500
0.4 Gy 25.2 % 0.138 £ 0.018

SH# 0.4 Gy +Caf2mM 0.8% 0.423 +0.032
CIERSH 7.5 650 ) 0.6 Gy 48.4 % 0.203 -+ 0.028
0.6 Gy +Caf2mM 0.5% 0.547 + 0.049

2Gy 17.5% 0.106 =+ 0.019

G 1 2Gy+Caf2mM 0.6 % 0.510 = 0. 041
(EEssiomsRg ) 3Gy 27.0% 0.122 +0.025
8Gy+Caf2mM 0% 0.767 = 0.057

XA HEREARE DR
fHE A LB 4 b} #®
18 | 26 3 I 4 B
X#+2mMCaf L7 1.5 L9 1.4
X#+ 10mM3AB 1.9 1.7 1.3 11

BSHRE S 1,260 . 1Gy; 8,4 : 0.5Gy
Caf 1 h7 =42

BABBREIHENEERMENTND EELLND, HHE
2. 3EFMBORIEFEREOZFINTIE, S LI1CH
HEENDREAMEREOEEIIHEES ) MTHRT2 — 4148
&L, HEES ) b OKREREEERE LEWT LA

Caf:h7=z42

SHEIRH (758H) & GHiFH (128R) T X #%
BE L, BEREAZLELEBRICEREN I RAKE
BOHEELZRSIR L., SHPHIT. ARZHEE
WA GBI P HIIH O ICRE BRIERETH D, O
B XHERBF L EREESRFHIT, ELvS
ZLRIENBIXE I ENBZ L THD, SHE GHliza| &
B ESN08BEL, I =A L UBIZX > TEEE
REND, LT, ZORE, FLWERESEROLREMRE
REOHEMPEEIN., —F. SHAIORIERAHIT
HBERESERPEWC L2 b b, SEBVWEXEE
TIEHRHRBERFE T RO ofz, UL, BB
KHh7 oA VXD EERENRPR BN,

UEDHRN»PDL, SHE GHlc£E Ul i BB ioxt
TN T oA ORRIX, FTEBIEDOBRIC L > THRER
BRERFERTHIEEZDN, SHHICE U B BRIBE
4D 7oA VOMREIZRELDEEZONS,

I = ATERMTEIC S 5D B RIT 2 0O 8 (= 8T
=

EBRR~ U ADOETEHIIC SR ERET5 & WHER
DFRICEREEEL bOBEIHRT S, 20X 3ERA
3, MERERRER EORBEOBEREILILHOT
Ho, FLTC, FNHORBEREE~T oESKIZL
BE. BEFEROMETIT S L CHEHMBEIZL LN,
HERRETH> THHITEEEZETIHERE AbI,
ZORRERIIWEZRZAHOEETHD, INEREBEOHSZ
PEEL O~y ABHMEREIISVW T ADNS, BAIL.
EBRHAERR~wv AR LI —u v REHLE~T A Mus
spretus VT, < v ATERMEIC A O 5 MM R TR
ZOBCHXEBBOMITER_ DT, TOER, BHR
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DI FBEBIC BT 2HRAEOMNERENEDERLD
FRETHBIZ LE2AHL. ZOBBHERPEREEDH
W AEEMICEETI I EBNHBA L, 2. ZOER
MMM A Lo L b 6T, R RS REE
BARRETHY, P oMl E2R oI L2 RHL
7,

1) = o ATERMERERE ORI IS 31T 5 Yetatb st & DO fif
¥

EBRAERSR~Y T A (Mus musculus domesticus) &
I—u v EFLECT R Mus spretus O F1 R IEM
EETHIZ 2L, HEREE R ERMLNT
W3, ZOREOBEMERZTFD BN T, REHEDRE
BAEA AW CEFEMROE IS EPH (MIE) icBiF
DYEEMNEHBEBRR LUCER. BHEEO X Rkl Y
PeEAEONEREPHALN, BFEREZMIHTELELT
WBZ LB LR (£6). MHEEEFTL F M2 A
WTRLRMEZITo R, RLRHE R TEELE
T B HERE L RIEOHEBRESFBEL., £ b OYRakE
BEFARTERE, XY REAEOMNERE LRTIERERE
IXEWHEBBFR AR Lz (K6).

FIT, HRadstEe L EERETIEENERE
v U ISTAENT, XRAEEEODNA~—I—%
FAW TR LM — iR 123 BIBIZ DWW CTHF o 21T

V. DORERZHRAFHI DT ORER LB LT, £ ORER,

R R DEEICEESTD Amg (T Avnd=r) Bz
FOREBFHEY REDZA BT v B DOEGE
T, MI#icHRamiimEEIcoBEL. BTFRaRE
EINDZOIZR L, REEESROEEIMLEAED S BT
e AERBNEPoTz, LT, 5 EEORBAENHIR
Lz b, ZOBMERRALN BHEEOHRARL
SEEEFORBTEREE L XETIEENERIZ. Amg
BEFOEBIT41IM EBMEIZHEET D Z EHHBH L,
Wiz, BRI O MI #4105 ek DS BEA,
RNETF UVEIIERBITARHEILE IS O, HDEIWIEXE
BOBRISEHCRET D O EMHRT S0, FT
VIR AR EExEHBE,. VR bR EBEOREE
AW REMBEENFERS L CHBEBRETERELAWT
LA, FOBE. FEBIzA OB HERIED
BRI RAER I OEREEDOREREICE I B
L (K7, 8). BREAEOMNERELETIHMIE
WERNFT VBN LT 4 Pu T UGB A DI L,
MR EAROIERYE DHER T DEMAE ML E CTEEFET
B, EbIT, HEREE LD, Eid—Mmgt4E Lo
BREEDIZEAE IR X 2R Y bl xfa L. sex

vesicle DTEREMETS Z LRHBA LK (R9I). &5,

Z M sex vesicle DEHMEIC L » THRFERICHAL S
N5 X BaEORNEEILAEE SN D ATEM 2R3
SIS BTz,

2) < U ATERMMEM OB BRI DN DGR ER

R HER &

HEMEEEF TS C57TBL /6 & Mus spretus ® Fi#fE#%
AW, C57BL/6 BXU Mus spretus & R URHEZIT
W, BENTER URHEEEOREEIMTETIZ LICL -
TR B OBESEERIIE LI RAEORIBEDE
xR Uiz, 200 BRI DWW TR G4 24T » To i 2.

[\~
o

4 EfEOEREFFHIRYE (X0 2 #E, XXX 1#E4E,
XX /XXX 1 @) oEEsBEH ER T, X $Eaf EoE
fBFe—A—E2HWVWT, ZhbDHREERTBEDRIE
PARTRER, b ORMEEEET, FoRsH
BRI A Cle e B DO RSB R 3 5 AR 235 < R
®wEnT,

%6 Mean testis weights in groups of male mice
75-80 days of age (n = 10) and frequency of X-Y and
frequency of X-Y and autosomal dissociation (n =
6) in BL /6. M. spretus, and their F1 hybrids

Frequency of
dissociation®

Body weight, Testis weight,
Mice g mg
263 2.3 203.0 = 14.7
149 = 0.5 1922 = 33.2
19.0 = 1.6 92.0 = 11.7
are given as mean + SD.
*(Testis weight/body weight) x 1073,
1Six hundred cells observed per male.

Relative
testis weight*
7.7+ 0.6
129 = 2.0
48 % 0.5

X-Y
30=13
43+ 1.6

95.0 2.7

Autosomes
1.8+09
1.7%09

23.0 = 7.1

BL/6
M. spretus

(BL/6 x M. spretus)Fy
Values

13

A

10

Number of mice

7

30 60 90 120 150 180 21
Testis weight, mg

K6 Distribution pattern of testis weight in
backcross mice with high and low frequency of X-Y
dissociation(High X //Y and Low X//Y,
respectively). Vertical lines show number of mice,
and horizontal lines show testis weight. (a)(BL / 6 X
M. spretus) F1 X BL/6.(b)YBL/6 X M. spretus)
F1 X M. spretus. High X //Y and Low X // Y show
80-100% and 0-29% X-Y dissociation, respectively.

240 270 300
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¥ 7 Immunological observation of XY
chromosomal configuration at pachy-tene stage in
spermatocytes of C57BL /6 (B6) Mus spretus and
their F1 hybrids

Mice No. of No. of X-Y
mice cells
analyzed observed SC Terminal XY
formation association dissociation
C57BL/6 1 100 80 20 0
M. spretus 1 100 97 2 1
(B6 x spretus) F1 2 200 24 17 1592

* In 143 out of 159 cells, dissociated X and Y chromosomes were located close to each
other

# 8 Electron microscopic observation of X-Y
chromosomal configuration at pachytene stage in
spermatocytes of C75BL /6 (B6), Mus spretus and
their F1 hybrids

No. of cells
with abnormal

Mice No. of X-Y Association
mice cells.

observed

Pseudo-
association

Associa- Dissocia-
tion tion

X-Y configuration

C578LJ6 2 77 7 0 0 2*
M. spretus 2 78 7 0 0 o
(B6 x sprenus) F1 3 100 17 81 2 55!

* One association at-the proximal ends of X and Y and one self-folding of Y
Y Frequency of cells with fold-back association within a sex chromosome or X-Y autosome association

¥9 Frequency of abnormal X-Y chromosomal
configuration at pachytene observed in 100
spermatocytes of F1 hybrids between C57BL / 6 and
Mus spretus

Type of abnormality

Number of the
configuration

1. Self folding

Interstitial SC formation X 9
Y 0
Ring- or balloon-shape X 12
Y 10
2. Sex chromosome-autosome association
Univalent autosomes near sex chromosome 21
Terminal association with univalent autosome 4
Terminal association with paired autosome 10
Terminal association with incompletely paired 3
autosome
Pairing with incompletely paired autosome 2
Pairing with univalent autosome 3
3. Abnormal side-by-side association 1
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Mutation Induction by Low Dose Rate Gamma Rays and Tritiated

Water in Near-Diploid Mouse Cells

Ikuko Furuno-Fukushi, Chidori Muraiso and Hiromichi Matsudaira™

Division of Biology, * Director-General

Induction of mutation to 6-thioguanine resistance
was studied in cultured near-diploid mouse cells (m5S)
in plateau and log phase after exposure to ¥rays at
dose rates of 30 Gy / h, 180mGy /h or 13 mGy / h. In
plateau-phase culture, lowering the dose rate from 30
Gy/h to 13 mGy /h resulted in an increase in cell
survival and a marked decrease in mutation
frequency. On the other hand, in the log-phase culture,
the magnitude of the dose-rate effects was not as
marked as in the plateau-phase culture, particularly
within a dose range below 5 Gy. These results,
together with those indicating the inverse dose-rate
effects in growing mouse leukemia cells demonstrate
the significant influence of cell growth that takes place
during protracted irradiation, particularly for the
induction of mutation.
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MR B LRI OEMIRERAETRZEEL L THRDZ
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BRI THERAFRBIZAES MY F U LAOEYENE
Bz BT ARENE, IKRWT, #HEF O~ T A H MR
FEimAE (L5178Y ) 2HWC MYV F U LOREBEAIHE
B, MIFTUALKORBEfEIZ1S~3T. B®E LY F
TATHD NI FULEHRTI /BN FULRBESY
T MIFTLKREVIEEIRKRES DN, REHRELY
THARNEZER RN EBALPILR -T2, El2 ) FU
LERT IV MDA L Y bERNEYTIRRD Y,
MU F L BRI OHBIZ X DATEE B I,

il

LAEDFERRIZ 100 ~ 400mGy / h OFERTORRTH Y,

ELIEVRERTRAMBHOMREMETT DD,
2L @iz L5178Y #ifa & MM ITRF LR 5 6 mGy /
h ORERT rif e B L. BOELERERZREL,
ZDRER, 6 mGy /hBIHICELVELD6-FATT =

Effect of tritiated water (HTO) was also studied
in mbS cells in plateau phase culture and compared
to those following ¥rays. Cell survival after exposure
to HTO or rrays at 6 mGy / h decreased linearly with
increasing total dose up to 3 Gy, and RBE value of
20 was obtained for HTO B particles. Mutation
frequency after exposure to HTO at the dose rates
of 6 mGy / h and 150 mGy / h increased linearly with
total dose. No significant differences were found in
the slope between 6 mGy/h and 150 mGy/h
exposure. Significant increase in mutation frequency
was not observed after 6 mGy /h of 7rays, but the
frequency after 13 mGy/h increased linearly with
total dose. HTO was found to be more mutagenic than
¥ rays and dose rate effect was not marked in
mutation induction.
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Fig. 1, Changes in the percentages of labeled cells as
a function of time in days after plating near-diploid
mouse mbS cells. Vertical arrows indicate the time
of medium changes. ‘
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Fig. 2, Changes in the surviving fraction of plateau
(panel A) and log (panel B) phase mb5S cells as a
function of total dose of ¥rays administered at dose
rates of 30 Gy / h( @), 180 mGy / h( O )and 13 mGy /
h( A ). Vertical bars refer to SEM of at least four
(A) and three (B) separate experiments.
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Fig. 3, Changes in the induced mutation frequency
of plateau (panel A) and log (panel B) phase m5S
cells as a function of total dose of 7 rays
administered at dose rates of 30 Gy( @), 180 mGy /
h(O)and 13 mGy/h( A). Vertical bars refer to
SEM of at least four (A) and three (B) separate
experiments
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Fig. 4, Changes in the surviving fraction of plateau
phase m5S cells as a function of total dose of rrays
and HTO. rrays at 180 mGy /h,(®); vrays at 13
mGy /h,(®); v rays at 6 mGy/h,(4A), HTO at
130-150 mGy / h,( O); HTO at 6 mGy / h, ( A ); acute
Yrays,(-).
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Fig. 5, Changes in the total mutation frequency of
plateau phase m5S cells as a function of total dose
of 7rrays at dose rate of 180 mGy /h(@® ) and of
HTO at dose rate of 130-150 mGy / h( O).
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Fig. 6, Changes in the total mutation frequency of

plateau phase m5S cells as a function of total dose
of rrays at dose rate of 6 mGy /h( A) and of HTO
at dose rate of 6 mGy/h(A).
The spontaneous mutation frequency was
measured in parallel with unirradiated cells(O).
The shaded area represents 95% confidence limit
of spontaneous mutation frequency determined at
the begining of irradiation.

Table 1 Dose-Response Parameters
and Mutation

for Cell Survival

@ A Obtained by the Least-Squares Analysis

Survival (RBE)
Plateau-phase cells

Mutation®  (RBE)

Yrays acute a  0.071£0.029°% 0.221£0, 1204k
B 0.031%0.008 0.295+0.028
180 mGy/h « 0.033%+0.013 0.166%0.103
B 0.00810.002 0.03540.011
13 mGy/h a 0.057%0.010 0.245%0.055
6 mGy/h a 0.054 not fitted
HIO 130-150 mGy/h «  0.141 (2.0)% 1.30 (5.9)%x
6 uGy/h « 0.106 2.0) 1.33 (6.0)%x
Log-phase cells
Yrays acute a 0.191%0.024 -0.164+0.234
B 0.253%0.047
180 mGy/h a 0.026+0.011 0.402£0.102
' B 0.008%0.002
13 nGy/h a  not fitted 0.450%0.069
@ x 107

® Standard error
%%k ratio to a of Yrays acute
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Fig. 7, Changes in tritium activity in the acid insoluble
fraction of cells as a function of time after HTO
treatment at dose rates of 130-150 mGy / h(O) and
6 mGy/h(@®).
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Cytogenetic Study on Peripheral Lymphocytes of Patients Treated by

Radiation

Isamu Hayata, Masako Minamihisamatsu, Koki Sato, Kinko Nakai, Kazumi Kubota, and Yumi Iida

(Division of Radiation Hazards); Takashi Nakano, Wakako Shimizu, and Hiroshi Tsunemoto
(Hospital); Yosiro Aoki (Division of Radiation Health, University of Tokyo); Akihiro Shiragai
(Division of Physics); Takaaki Ishihara (Special Researcher)

The present study cytogenetically examined the
effect of the medical exposure on the normal tissues
with the emphasis on its effect when different parts
of the body were irradiated, and when patients’ age
groups were varied.

Peripheral lymphocytes of 28 patients (cervical
cancers, 22; brain tumors, 5; and 1 patient irradiated
at the hypophysis in order to control pituitary
hormone) who received radiation therapy at the
Hospital of National Institute of Radiological Sciences
were examined. Each patient received about 55 Gy
(mainly by 10 MeV X-rays) in total during one month
period. The peripheral blood was obtained at three
times: before irradiation; one day after the first or
second irradiation; and within four weeks after the
completion of the therapy. The fixed number of
lymphocytes separated from each blood sample was
cultured carefully for 49 hours. Chromosome
aberrations of the metaphases that were in the first
cell cycle were exclusively scored.

The frequency of unstable type chromosome
aberrations (dicentrics and rings, D + Rs) per dose
differed depending on the irradiated sites. After the
therapy, the patient group whose lower abdomen had
been irradiated showed about 25 times more abnormal
chromosomes than the group whose head had been
irradiated. Even if the difference in the volume of
irradiated tissues had been considered, more D + Rs
per dose were found in the cases irradiated at the
lower abdomen than in those irradiated at the head.
Before the therapy, the frequency of D + Rs was
higher in the patients with cervical cancer than in
the normal population and the patients with brain

tumors. After the therapy, among the patients with
cervical cancer, the age group over 70 years old
showed significantly lower frequency of D + Rs than
the age group under 60 years old did. It is indicated
that the age when the patients had medical exposure
and the exposed part of the body should be taken
into account when we apply radiation dosimetry
analysing the chromosomes of the peripheral
lymphocytes.
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Bhargava (1992) v &4 LR LS FERABET
oD OREEREMIERINCT TREVWI L2HEL
TWDd,

SEOFEFICE VEHE CEIRCBEEZERLTL 28
Bk & BRGEAEOREEENMES RDEPHA LN -
7278, Tonomura & (1983) DNy o 77 v NElZD
WTOREIZBNT S, b DOREEREEOHEEL S50
FRETEFEHOEME L HIZEL DM 60 FATES
o TW3B,

1S 2y 0 2BREE L BREBEORP 1ETH-
7o b DIXIB IR TiL 83 %. JAFISTRETIL 42 % &K
Lz, ZHIZRICHIBESE D E LB ISNEELTT,

B TR SN G EREOHEEDKEREA
ZERELEEREEERIZ., Vo MDY IR L RN
SEhizberbbTAEERRELTRIC Kb sZY »
NEOBIEDEAE, BIUERKCLIIEETHLILO
BEbhbid,

5. #

P fE 5 72 & OB RIA R BE &5 5 A RERRIER
BEORMMLY >/ SBRITIE, TR TR RSB W TIERIC
BELEBBEOZNTAKNL % L5 %ICHETIHET
EHH—HERE LB R ICRY T 0 S RORBHRRFE PR
Ehd. B E TR CARHC R CHAREABR S
BE, REMY IR SN D YR EEREOHEERT
ISR DIFE DOFBE. ElE TSR X D %6
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Characterization of Prelymphoma Cells and Analysis of Initial Events in

Radiation-Induced Lymphomagenesis.

Masahiro Muto, Eiko Kubo, Hitoko Kamisaku and Toshihiko Sado. Division of Physiology and
Pathology, National Institute of Radiological Sciences.

With the combined use of cell separation by cell
sorter and intrathymic injection assay, we found that
the main target cells for radiation-induced thymic
Imphomagenesis are DN (CD4~ CD8" ), CD8SP (CD4~
CD8*) and DP (CD4* CD8") cycling immature J11d*
thymocytes. After leukemogenic irradiation, thymo-

cytes expressing TL-2 antigen, which is not expressed

on normal thymocytes of B10 mice, develop from these
immature cycling thymocytes, and prelympoma cells
develop, albeit infrequently, from these TL-2* cells.
To analyze the clonality of prelymphoma cells, limited
numbers of TL-2*thymocytes from individual
irradiated mice were injected into thy 1 congenic mice
intrathymically, and DNA from the donor type T cell
lymphomas was examined by Southern blotting and
the DNA sequences of the V-J junctional sites were
investigated. Since the TCR rearrangement is a
sequential process and unique to the progeny of each
clone, a strategy for investigating the oncogenic
process is to compare the oncogenic alterations with
the pattern of TCR rearrangements of these
lymphoma cells.

To investigate the contribution of chromosome
aberrations in radiation-induced lymphomagenesis,
we analyzed the chromosome G-banded karyotypes
of the donor type T cell lymphomas from above
experimental system. Many numeral and structural
aberrations were observed in the donor-derived T cell
lymphomas. Interestingly, common aberrations
including translocations almost in the lymphomas of
each group were found. The results indicated that
chromosome aberrations including translocations
might be important candidates of initiating events in
radiation-induced lymphomagenesis. The PCR-SSCP

analysis of p53 gene suggested that the mutations of
the pb3 gene might be late-occurring events during
oncogenesis.

(0 &# J

BB L > TR OERIACTWVWESE (BA) 1T
BlfETH D, vV ATIHE S OFRME THERIC I 0 Mo
B0 A AME (WRY o YE) BEREhdZ L
BESNTWD, 1950 £ UHE, H.S.Kaplan i
C57TBL D<= Az, %K1 » A6 1 HER &Iz,
16Gy D X # a2 AR FBHET5 &, EFICEHRIT I
YURERBETDZ L ERE LR,
bk SIE. ZORTIR (1)%%mbéwi%%
@%K%%W%wmm%%&bfk<&Mﬁjxﬂﬁi%
ELRWE, FDLE IR AMBESHEOTHERD
RERTBETD L. BERICEBH ST WBHEeR
PHY LNERREETHI L, BXU (2) BEAICARE
B (B8 ZMTERKRLEZY., BEZIEERY AL
DEHMEEZRKERBHELTOR L, MIRY o YEDRAE
ﬁﬂi%hé:k%amﬁbto:n%wﬁ%m\m%%

WL B Y U EDOFER, BITEA B RS BY
ERENERBIENDEVoRBEHARAI=AITED
DTN LERIRBL NS, TRLSE, &< OB
REBRZOXBADEBHORERA TR Y > YES
EDAD=ZLEMALL D LHLTER, £ DL
B~ ABREDYT ) AOFRIZEENIK > TWE (R
M) DBATANVZAPEIRICE > TEHE LS CEM %
1R, KRAZMRMERICEREL T FAb0MBE Y 1
SHBLEZTWD, LrL, £BF0O9R28MILE
HATWVAR N,

T T, bhbiid 1981 £E 6 X BRAoEIRHIC L -
THERENDIERY VN EREDA D =X L EHLBIZT
DO EEME LIz, T O ORI, e O
ZETERLEZBIO. Thy 1a2vPzmy /R ADMEH
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1. BERBEZIC. RIRAIZE LY @i
FEERE,
(o] BEEEOBIRPICAE TRl ) v/ fEHRD
DFLEHEE. [—] s WRY) VA BOREITLDIE
CHE, [—e—] ; BEEGOMRER, [wwn] ;IE
% B10.Thy 1.1 vV 2 DMIRER.

EET, VUNERECENLRDIRED S VI EHEME
PEERBEIICBELC, #E5EFRVEIE ORI
WAL D D VITEE L ETARD Z L2 T E e ERFH L
LTERALTWEEATHS,

AEERIEHM P IIT R o TtEREDE L, TTK
B h A NEEBEEO I n L —F 4 VT RCREL
Te S8 bR DIV EADBRERESDWERD
DEBENEROBERICESNT, BIRY VR EHELED A
=R ONTBATANVADOEEY2 52 20 LWE
FURERB LYY, XBABBN NI AT,
RO KD VBT D L RFCFHIZRITZ2 7T
BIERMIAE (T MARORISEME) OBPELIBALITEZ
EBRMBENTWASY, bz, bhbhidilnER T,
(1) XBOBBHBICEER~ Y AOFHMNEBHE
THE, BHMARPHEZD I THIRY /YEDO3RAE
ERETT22E RO (2) BEEOXHERFLE
<Rz, XBESEBHENRZThy 1o Vz=ys=
TADBHEMEERETS L. BEORRBEROKIRY v
NERERIZHBETIN, RBEOLEERZR T LEE~ TR
KIE®72Thy 120V x=y /w0 2A0OBEMBEBME
LTHHIRY v BIRSR ERE LRV EE RN LY
INLORBRNL. R L ERICBIT S T B
DREERFRFICEZ 2 & MIREAICAE & B o To KBz iR
HIRLZESET 2 Y VR ENERERET I EBbNID,
FIT, bivbhid, XBSEIRRIZX D KREDIRM
MOMEELEHIZBITAT THEOKEREZS &, &
ERSTRAR BB OBFEENB T > CTLH, FNHOM
BB SN DR REREUIR SN TS Eiz, BEENS
DORIEEHIIE ORI 2 Wiz, MIRATIE T Mfaoss
S ALEIEEFOT oRT oARRI Y, BELTER
KA MRS A HETE L b D HISERVREBIZB B WD |
B EFHISNISRMO T TTHIBOER,HMelclEEd 3
BEFORREEHPEZY., FhEREE LT, a8
VUM L A TG L 2 AD \FiAAY REOHE
BEL, EHIENL DML RMREMRD Y o Eii
BREETDIEND HMERBIZIDEPATT IV 2EX
722, FZCHBIZ 2D 0., RAZNSIEOEL N A
o T LRINBATIBA~DENL ((=vxz—varbdn

BRI RTp—A—va—r) BEDXSIZLTEZY,
FLTEROREDL Y RBEEZRCEEEE LY &
NEHBANERL TS ENWHZ L THD, AHRETIT
Z DRI - TROE DR E %2 BT 5.

@ MHEHARFE

(@) =2 :=oxiE, Blf/Sn @ (Thy 12, H2°,
LM% B10.Thy 12 LER) & BIONRH.Thy-1°% (Thy
1.1, H2°, L2 B10.Thy 1.1 &MEER) 2EHRLE,
B10.Thy 11 <UD Rix, #HEZIZEZ->T. NRH/Nrs~
JAP6MOThy 11— —%2 BRIV ARKEEREL
REZE>TEALTER SN TR THD, Zhbd
< RiL, BHEFOBYEERF T, 2n=—PLEMK
L. Z2U—rvarv_oia Y OBEBETTCHEHELE,

(b) X#EH : £HBHIE. EE35 (BERER %
FR LT, 60R/min, (200KVp, 20mA, 05mmCu +
0.5mmAl 7 4 V& —, ¥HE 1.24mm , BEEEEE 52 cm)
D&GETHE>T, =7 A 33 3 8EPS5, 161Gy
SAT iz, 4EIEBE LIz,

(€ ¥k : ©AF A CD8 Hifk, #i Thy 12%HiEER
v axz Ry (PE) E#BMA NI rTEY T,
~_Z 54 %Y (Mountain View, CA ) 22HEEA
L7, FITCE#aniz# Thy 1.1 %HiE, 1 CD8 HilEs
L OH TL2 fifdid, BHRHE GER) »OEALRL.
CD4 (GK15)'L J11d HitE¥iz, ~A 7V F—< % BiE
L7eX— K=y 260K 5 CM Affi Gel Blue (X
AF5F, CA) 7u~ bl o574 THEZHERL,
FITC o4 F E# L CERLEY, ,

@ HABBCZIDZHWEY—T 47 IR

(4X10°) iz, FITC Z# P CD4 E 7134t TL-2 Hifk &
A5 RERES CD8 fifk, Eid J11d ik 2 e &%,
WIZPEEHBA NI FTEV UV ERIESYE, Hilax 3E
B L. FACStar (N7 b FA XV 2) THH
L, FREHBIZISELTY =T 4 7517270z,

(&) MBABHERLICThy 1 %42  EABE
BEXUOThy 1&A v ridmcPizasilizsgkizLiz
BoT, Tl

(f) J—F L5847 &9 FDNA 284« Ol
oL, 5 48 ®DNA # 1% Agarose gel TEEK
L, =bhutre—XT 4 NF—FIZ SR T 7 LT
O Fu—TOEBRNA T YA -2 3 UiT,
Molecular cloning" iz i2# & L7 G T2 o 72,

(8) PCR-SSCP : THUEU S ¥ —D Vs Jni&EF
PN D72 primer 3 XU p53 @ Exon 4 75 Exon 9 &
TOMEHD primer . X 512 H-ras, K-ras, N-ras B+
®codon 12 & codon 61 fHE%EIEEE220-24 mer @
primer &/ Lz, BaFHEE I [«*P] dCTP
GFETT, 4C1%., 7=—U JiBE%5557°C2%,
2C250%A 7% 30 BTV, FO%EEE L DNA
., BHEESERE, 6%RITZINT I REALTHEE %
T o70,

(h) HOEEROER: Y o EMAEL PMA  10ng /
ml, Ionomycine 250 ng / ml, 5X107°M 2-mercapto-
ethanol, 10 % fetal calf serum % &> RPMI 1640 #53%
WTAREFRIEEE L. 0%, 28M TN-16 (30ng/ml)
WEETRoT, PEEERADERBLV G NV KO
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R E TS DFEIHE > TITR > 72,
@ # R

1. B Y >3 @R DR

INETIZ BIO.Thy 1 av Py s A&ERHL
THEBERRGR Y LV NEORERRE T, AIBAMETH
BETY oEMMAS, BHREILD BV (4-8H
B) MBIz AET., BH#% 21 —31 BEIZIZ63 %LLE
OEEOHBICHREENDZ LERELM I LTERST
(1) ZZTRBRAREZRTY o EMIZ, BWRRETT
IHEARE L TR T Y o8BI A B S, JEE TR SR AR

WHIE L LCERE Lic, TR LTIIRY v BRI

MR NRIEERNNT RIS T S, BEEEEERT.

(A) Normal (B) 24 days
W . 0.3%* EE 4% 7
mi T
g e
2% 2 E
5 ] 5
3.7% 0.0%]| 0.2%
a, AL L B AL B s, T AL
T1a® 10! 102 1p? 104 “10® 10! 102 10® 104
TL-2 (FITC) TL-2 {FITC)
(C) 24 days (D) 115 days
% T ¥ 12.9%* EE 31.9% *
ANE m\"‘g
£ 3
2 2% !
had ‘ by
] -
-E E *e E
J12.a% 0.2% . 0.2%
LA AR DAL DR I % RARAALL SRELRLAALL, IS IR
RT w! - 1e? 10? 10 "10® 10! 162 1o? 10t
TL-2 (FITC) TL-2 (FITC)

2. HERESE, BcORREBEOMRICKIT S J11d
Pifk &30 TL-2 Bl & 5 RO AET,
Bt#% 24 BE(B, C).115 8 E(D)® B10.Thy
11 =y 2OflHaz, Jild Hifk 5 TL-2 6T
TEREL, Tu—YA FA M =THF LI,

X By, e oBMgclREmisiEL, W
TL2 HifEP L JIId kO T2 BELREL T, Ju—H¥A b
ARY—THKFLE (B2), I2KRTIIREED
B10.Thy 1.1 <=7 A@fufsfmaix, J11d* TL-27& J11d~
TL-2 ML bR EN TS A, XHEBH% 24 B
HR 115 A BN~ ZADgME Tk, Jild* TL-27 &
Ji1d- TL-2-fpaLisk iz J11d+ TL-2 g sE s B L T
WBZ ERBESNTR 7Y, B o ERROREE
OREEFH~D oz, BE%1»FEDBI0.Thyll <
2D EE TL-2 & J1ld e TReal., '
Y —#&—CJ11d* TL-2*, J11d* TL-2™, J11d~ TL-27#EKa
WEMIZAEMLEZ, 2 boMiE (10°%E 771k 10Y) %,
3.78Gy BBt L7- B10.Thy 1.2 <7 ZDJIRPUCHHE L.
BB ~6» ARIZBELTERLY VEIRSWT., T
Thy 1.1 £7213#t Thy 1.2 G THREL THITL. f#t5F
sk THiY) VAR BOREHEZRE L, THALD

RIS, B EREE J11dT TL-24 g ot iz
FELTWAZ RN (1), REEIZH
CD4 #i/&% & Hi CD8 Hifkiz & v BBEHEE D fafs & Zufa L,
TNY —F—T4ODOMBEEFICHBEEL. BEDIIRI
BHL BELTEEEEHE THER) VBEOEE
B LY, FOBR, 81U oo EMAE. i CD4™
CD8™ & CD4~ CD8™ MEfigizfFE L. SEIE I3/ E VA,
CD4* CD8 " MBI b FEET B Z EMBHLNC R o Tz, &
O DRERP LBURRBRIRY o ERECBTDER
EaofiEiE, DN (CD4~CD87), CD8SP (CD4~CD8") ,
BLUDP (CD4* CD8") T, L b REDOBEA KA
JId BHEoRBMmETchd Z B RERE, LT
161Gy 4 W&, TL-2 BRI, 2o DkMins
HOBARMEPOHEEL T D LDLELLI, EbIT
HIOEBRBERMP LAY VN EMEIE. Zh o TL-2 B
BORRLEEL T LEHALICR T, ZHEE
RPN ELDTZORH3 TH B,

% 1 Incidence of donor type T cell lymphomas after
i. t. injection of fractionated thymocytes with
regard to Jlld marker and TL-2 antigen

Sorted Cells® - 1o 10° Total
J11d*TL-2* 4/4” 3/4" /8
J11d*TL-2" 0/4 - 0/4 0/8
J11d-TL-2- 0/4 0/4 0/8

a) MB&H#%., 15 AEB?DBI0Thy 1.1 =7 A0 Uik &,
MINd e TL2 HETZELEL, Y —
#—T J11d* TL-2", J11d- TL-2~, J11d* TL-2+® 3 B
OFfEEICSE Lz

b) ZhoOSE LMK (10%% 721310 %. 3.78Gy
B4t U7z B10.Thy 1.2 =7 2 DfgIRAIC B L TE L T
&7 donor BE T HMIE Y v /¥EOHEE (donor B3k
THBY REOREEE B Lz~ R) ZRT,

@ Prelymphoma cells

T
TL-2% cells
S

T after 1.61Gy X 4

Vapbnluta e \
©——O
Ji1at Jidt J11d+\. T
{ (CP4-CD8")DN (CD4"CD8*)SP (CD4*CD8+)DP
1.61Gy X 4 T ‘/ \
OROF TNy
0 ©
Stem cells Pre T cells precursors
J11d” J11d”
Bone marrow @ cbatsp  CD8*sSP
Mature T cells

3. BUHBRFERMR Y o E ORI & BT Y o SE
R D3 AR
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%2 BEORBICRELCEEERRTHEY L YED
B

Bat L @ BHEL - TL-2 BB OX” TL-2 B3{t3A0a
(B10Thy 1.1 ROFTY IR
TIR) 10° 10° 10° 10° i DEE
A ND” ND 3/4 4/4" 1.4X10%
(AS-A7) (Al-A4)
p 0/4 204  4/4  ND 68X 10°
(D5,D6) (D1-D4)
B ND ND 0/4 3/4 1.4 X 10°
(B8-B10)
c 0/4 0/4 2/4 ND 6.8X10°
(C11,C12)
E ND ND 3/4 4/4 1.4 X 107
(E10,E11) (E7-E9)
F* ND ND 4/4 4/4 >6.8 X 10*
(F3,F4) (F1,F2)
G* ND ND 2/4 4/4 68X 10°
(G9,G10) (G5-G8)
B ND ND 0/4 2/4 68X 10°
(H11,H12)
No.9-No.15 ND 0/4 0/4 0/4 <6.8 X 107

)RS (1.61GyX 4) %, 28HE®MBI0.Thy 1.17 9 2 DIIRRIIZ R TL-24A K TR
&L, BeA-HORIRRIOTL-28 18 (10-10°) 2, FEBI0.Thyl.2w R (
FH*ZIRABIEL 8513, BEUBHE Y. A-EZBEL B, BTE($3.78Gy
BHUK) OBIBREBIEL. s-47Bi%. UVHEIRELEFCOVWT. #E
FHREDE D PERMThy LILAThy L2RABTHREL . AL-AT7, ... H11,H12(Z.
HESFERTHAY >/ JEMRE.

b) 5 FMETHEE Y > ) SEE DR,

clND; not determined.

2. BHEEMED TL-2 BRI T O/ Y v Eiiia o
BREL
INETORBRPG, REMEED TL-2 MR i
B VB AEENTHND I EBALRIRR-TEL
B, WICFIRE L 72 D D13 TL-2 BBERE -~ T, Bafk
DA =YL= a vEELTHREOREIRLNHZ LT
bo, COMBEEBIT 5D @ERIC, Bi%28 A
B® B10.Thy 1.1 =7 2O Hi TL-2 Hifk THE
L, Za—%A ;A MY —THH LT TL-2 Bt DOEl
HEREELEL. 2O TL2GHEMRERAFRL T, BE
DRRICBREL T, ftEHE R T M) o/ BOREHE
EEHRDZ kv, TL-2 BT O/ Y oS EH

MOEEZGHT LI (R2). ZOMRRAH O 8EE T,

TL-2 BEmEasiz 1/10'~ 1/ 10°04EE T, &Y /8
HBEREENTWDZ &b ofz, —FHNo9 ~No. 15 T
. BTY S EMRIIER ICBRE R BV, D WIRiRE
AMEEEFNTWRWI ERRENTE, ZDZ ik, 4T
O TL-2 BHemaE, BALOA = x—va 2B L
TWBO T2, TL-2 BIEMEO T HEEE OBV FE
BT, [AHPORA~OEBEL TR Y o ERRIC
BB EERLTNDM,

3. miY oNEMREO e —F YTy
WIZRPADEELZEZ S L TEERSIZ, Z0Xk57%
BAIALDA = —a oOAE LM, 1 >0
BHEETDDN, Eidn 2rOMBIZAAEDA =
=g WREL, B OBE GRRBAENTE—S
a—ERBEDNENIETHD,

The Genomic Organization of v T Cell Recoptor

B4, rTHig) €77 —DBEFERE D, EFHY o3
fE DNA O%—¥ 7wy MEH, Hind HHIRESE
Ti#H{tL7D# (D1-D6) & E# (E7Ell) o
DNA zBKEKE L. JnTa—7TH—F 7oy b
Rt 24772 o 72,

D7D 15 EfFIE>NT, SEIES (1.61Gy X 4)
#%. B, 28 BE®B10.Thy 1.1 <=7 20 aima
Z, iTL2 G cal. Bc 0RFES A-H O
fEfao TL-2 BtE#EEE (10%-10°) #%. 753X B10.Thy 1.2
TURAOKBPIZEEL, 34 A%, VN ERRBREL
TBEIZOWT, #EEERPE S5 2EH Thy 1.1 &4
Thy 1.2 THRE L., ZOR SEMADISDMEN Bt
SEEFEOCTHEY V@RI HALELEZ, TZTIND
DY A EHN?D DNA B L. DNA 2584 OFIR
ERTHLEL, BxD THY 7% —0 probe 2/
LT. Southern LT Lz, 413, DREIUE~Y
AHEEY REIZOWT, DNA % Hind I THEEE. In
% probe iIZ LT, =V UETHEIFLEZLOTHS, Ja

No. of
Frame Clones

Germline Vy4 TACTGTTCCTACGGCTAAAG cacagca.......
sequences Jyl cactgtg ATAGCTCAGGT

1 ¥ R + 3
D2 CCACTA----v-v-n-- - 3
D3 GGAT -------v--- 3
D4 ¥ A + 4
D5 Y + 3
D6 A R + 1
Germline Vy2 TACTGTGCAGTCTGGATGAG 7mer.....
sequences Jy2 L Tmer ATAGCTCGGGCTT
D1 - 3
D2 - 3
D3 + 4
D3 ---- - 2
D4 - 1
D5 3
D6 3

5. DID6 THHY L /SED Vs Jrrd LU Viz Jeoilh
L0 DNA S EEF,

% probe L LT2HE, Iné JudhEn V—RNEETH
®. Germ line N> F& LTI 6.6kb & 11.7kb D 2 &M
£L%, KiZKidney DNA TH Y, LixLiver DNA T
HB. Vs & Ind DWW Ve & JePBETFEEFZEL
B, FRFI14kb & 36kb A RBR4E LD, R
DO EMDOY D SBIROWTIIFTD &, T V]
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A DEEGEFIEEFHEENEZELTWDIZ LBbholk,

su—F)F 4z onT, EHIFELLFARD DI, D
Hi3E D D1-D6 @ 6 Fl ot 5-& g3k T #fa V - @Eiz>n
T, TEEFERIFEEEEODNA V—s vk
Firofe, FOFKR., VANV R rOFE8EE T,

6Hloi 24 (D2, D3) OfEEMHEE O DNA B,
(D1,D4-D6) @ DNA 5L RizoTwWie (B5), B
gz oW Tk, D2, D3 & D1, D4-D6 BEZ - BETE
RFIN FEFRLTWE, @BEFIZ2O2VWTIER, ZhE
oy o@D RNA 2 L. cDNA 2465 L T,

SA475Y—%{Y, CexprobeiZ L TI/m—=17
217y, DNA BFIZRELEZER. ThFhora—r
BVeaelJenRirol@edbyDiislz LTk, K
R, BEZIHICBVW T multiple 1251 Y /3 fE
FRABELT D, FANEBREET THEL TWBR T,
1 D HTAS A MRS 23382 1 T F U R I malignant
T clone &3 EmENTZ, MO@EESENE T MY
UL W TS, Jyl % probe 12 L T Southern # T
AT LTIERR, 2T U A EIRRBWT, Vil BEF
BRAIPELTCVWDZ ERRENTZOT, DY LNER
SNWTDIa—F T 4 2F/RBDIC, Vi &I D
DS54 <w—k4E L, PCRSSCP HETHFTL, &
f5F BB -SRI DNA BFIOEW R fET L7z (K6,
7)) #OEERE AfmkoTHEY EALAT 22
WTIRELAVFEZRLTWBDT, ZiLbD U 3@,
HM—amkchd I LBRHEEEND, EDEEKDY
VA IZOWTIE, D1,D4,D5,D6 iR LS RERLT
WBHDT, 1 20OHMISEETHD Z L RHEESN DB,

D2, D3 iz oW CiALOMEER TH S LHEES N, 37

PCR-SSCP Analysis of Vy,J y, Junctional Site

germline
Vy4 2eCTACGGCTAAAGCACAGCA
000000 sCACTGTGATAGCTCAGGTTecceoe Jyl

v

Rearrangement of Vy4Jyl

v

DlececeeeeCCTACGGCTAAA S_'l: TAGCTCAGGTTececccocccscsce
insert nucleotides

germline

5! 3 3 5!
—_— PP N—
sense antisense
primer primer
94°C »55°C -»72°C Amplification

[ o -¥P)dCTP
Taq. DNA polymerase
Double strand PCR products
\L denature
— Single strand DNA
T v

6% Polyacrylamide Gel

Imin 2min 2min
30 cycles

1

electrophoresis

+

6. Vr4JrlEaimhio PCR-SSCP f#T OFHBAK.

7. VrdJrlEemiro PCR-SSCP i OfE R,

v—ETY VREMEAEE L TN Z LR SR,
ORI, LROBEFEBEODNA V- v TD
BRIZBY D EAELTWBZ LARENE (HM5), %
7o. EF,GHEEY VNBELENEFNOHTRHRUEAV R
NRE—VERTOT, B—{EAETHDZ LRpEN
%5, B, CZOWTRHAY RPRRDDT, TNEN3 Y
u—y, 27un—VHETHLILBAREINDG, INb
OFERZE 3ITRT,

% 3 Clonal Analysis of the Prelymphoma Cells by
PCR-SSCP

HindIIl (Jy1 probe) Clonality of pr

Al Vy2Jy2 (3.6kb), Vy4Jyl (1.4kb)

A2 Vy2Jy2 (3.6kb), Vy4Jyl (1.4kb)

A3 Vy2Jy2 (3.6kb), Vy4Jyl (1.4kb)

A4 Vy2Jy2 (3.6kb), Vy4Jyl (1.4kb) monoclonal
A5 Vy2Jy2 (3.6kb), Vy4lyl (1.4kb) origin

A6 Vy2Jy2 (3.6kb), Vy4Jyl (1.4kb)

AT Vy2Jy2 (3.6kb), Vy4Jyl (1.4kb)

3
P

(Vydlyl)
DI Vy2Jy2 (3.6kb), Vydlyl (1.4kb) ..oeerveeeere TTuccenne
D2 Vy2Iy2 (3.6kb), Vy4lyl (1.4kb) ... CCACTA......
D3 Vy2Jy2 (3.6kb), Vydlyl (1.4kb) ........ GGAT......... 3 clones
D4 Vy2Jy2 (3.6kb), Vy4lyl (1.4kb) .. 1% 3 VO

D5 Vy2}y2 (3.6kb), Vy4lyl (1.4kb)
D6 Vy2Jy2 (3.6kb), Vy4lyl (1.4kb)

B8  Vy2Jy2 (3.6kb), Vy4Jyl (1.4kb)
B9  Vy2Jy2 (3.6kb), Vy4Jyl (1.4kb) 3 clones
B10  Vy2Jy2 (3.6kb), Vy4Jyl (1.4kb)

C11  Vy2Jy2 (3.6kb), Vy4lyl (1.4kb) 2 clones
Cl12  Vy2ly2 (3.6kb), Vy4lyl (1.4kb)

E7  Vy2Jy2 (3.6kb), Vy4Jyl (1.4kb)

E8  Vy2Jy2 (3.6kb), Vy4Jyl (1.4kb) monoclonal
E9  Vy2Jy2 (3.6kb), VydJyl (1.4kb) origin

E10  Vy2Jy2 (3.6kb), VydJyl (1.4kb)

E11  Vy2Jy2 (3.6kb), Vy4Jyl (1.4kb)

F1 Vy4Jyl (1.4kb)

F2 Vy4lyl (1.4kb) monoclonal
F3 Vy4Jyl (1.4kb) origin

F4 Vyalyl (1.4kb)

G5 Vy2ly2 (3.6kb), Vy4Jyl (1.4kb)

G6  Vy2Jy2'(3.6kb), Vydlyl (1.4kb)

G7  Vy2ly2 (3.6kb), Vydlyl (1.4kb) monoclonal

G8  Vy2Jy2 (3.6kb), Vydlyl (1.4kb) origin
G Vy2Jy2 (3.6kb), Vy4lyl (1.4kb)
G10  Vy2Jy2 (3.6kb), Vyalyl (1.4kb)

H11 Vy2Jy2 (3.6kb), Vy4Jyl (1.4kb) monoclonal
H12 Vy2Jy2 (3.6kb), Vy4lyl (1.4kb) origin

4. BAALDBEE BRI+ 5 EBRFR DO
INETREZ < ORABEERFRSAMENEETH
SBEERE S 4v, BEERIRFIERS, BAIE D EN L DER
FEEDIFFERE L RENTETWS, LrLens, Z
NODOELR, BAOTHITAE L2 Oh, B OEMK
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EOBRETELTZLOPE2RET S DIIREHE L WHET
BB, TNEORBEICHERT S 1 205K, Bl RLE
1>D@EEDETY o /3EHA» 534 LT donor 3R T
MKy B oWT, THRRY 7% —08xTEE
DR E— b, BABBFOBAMEHBETFOE{LZL
BEFTHZETH D,

1o0F & LT, BIERRZD W) 1EED<T R
sk THAYV S Z—I2oWTEZLTHRDE, DIB
FUDADG Iz 2WTiE, IS5 T7Thrbbbrd X oiT,
rTHfR) 7% —DORETHESNRZ —B—KL T
DT, TNOIRE—MEERTHAD LEESND, &
DERZODL 2D D6IZoNWT, pb3 BEFPras BE
FOERABIVREEOE LRI, LLEORA
iz X a8 bpdb@ic bivt, BALOTEICELTZ LD
tHESASDL, D, D4D60Y U NETHET, D2
D3 Ti&E2-oTwiut, 208kt r THHBRY S ¥—
BETFERYINE UIEE & 232 ViRV E Ui gk
ThHDHEHEHRS, £/2D1-D6 DT, FOBILRE
NENER > TWTBEIR. BALOBATELZLDOT
HDEMEHRD,

5. ras BABETFR IV p53 BAMEELFERDME
#r

BB ADFRE - EREOBENPBGF LAV THERAIR
2oH Y, MBOBERE - PALIR LT, BEMIEA
ABET LRI E < BAMGEBETORENEMICE
BYBHoT, BAMBOMRKEREL TNDEZ L¥bho
T&Tz,

FlziX Ras BHEIZ, MBEECHMIICEELTWT,
GTP % GDP ~ ¢ /KB BTHEEEZEZRoTWDH T &
PR ER, ras BABLEFD codon 12 & codon 61 1228
REBEBELD L, TRIEIVER LK Ras EHEIL.
IDEMENREEIRF 2> THT, GTP BFEES LIRE
DEFERRS>TVWDHZ EBRWEE ., Ras EAHEIL.
WHEFOV T MEERBEEL TWH EEZX BN TWVT,
ZOGTP BEELEEED Ras EHEOEFEEIR LY,
MiaEosiEEE, PALEERLEELLATHS,

P53 : PCR-SSCP

8. p53 ® Exon 5 - Exon 8 {22\ T ® PCR-SSCP @
REFHIREATH,

p53 XM SHD SH~ALERO Gl MEHT, BHR
BB EE 2V S ZMETo@E 2L TWH B LN

TWC, ZOBEBEFIRERFPELDZ LIZLY, Mians
AAEBETL D EEZL BN TWD, Eiz pb3 8 AMHEIER
Fix, MR RAALICE b D BEFAEEME L HE
FBLTWB Z EBRRREAINS2H Y, BALICEFET
DEETFELT, PR3 RAEEELBHEFOADLI DT
H5,

2 TEBENT EFITR AR EEBRR T, BAlicE bz
T. ras BABEEFD codon 12 & codon 61 LD DNA
BEFIICRRERNELTWEME 97, Hras, Neras,
K-ras & 2\W T, primer &8 L. PCR-SSCP T4
Frivz, 20OFRE, Kras® Hras iz 2oWTiE, iEo &
D LUIEERERIRWEEN R oTe, WS DD Y R
BETRENRWEESNN, 22Tk, BEILHIZ
FELWENZ2TR-oTRY, £ Nras TOWTHERE
R TH D, THLOBRENLL, ras iz oWV Tk, #1
FhOHTEBORRERITIREW I &SN 1 o1z,

%4 PCR-SSCP Analysis of p53 gene

Irradiated Donor type
:’::_'1‘:: alm mice| 'Ymphomas Exon 5|Exon 6|Exon 7 |[Exon 8 |Exon 9
(28 days after FX)}{Thy 1.1 type
A1
A2
A3
A A4
AS
A6
A7
B8
B B9
B10 +
c1i1
c c12
D1
D2
D3
D D4
D5
D6 +
E7 +
E8
E Eo
E10
Ei1
F1
F F2
F3
F4
G5 +
G6
G7
G G8
G9
G10

FEz pb3 iz oW Tk, Exon 42>5 Exon 9 £ TizoW
T. % Exon OREIZR W T Y72 primer 288K L.
PCR-SSCP #£ T, EREDEFR D donor B3k T #E Y
URBIZOWTERENRELTWBENE S fiftr Lz, X8
F. FNOREALREIERLIELDOTHD4, Exon 5T
1Z. BIORE7TIZZERERENBWZE N, P-5 it Exon
SITERERNHFEETIZ ENMOBNTNET T ADRA
#IRE O positive control ThHd, F 4t donor 3 T #l
fay v @2, PCR-SSCP To#rLizERe % &
DIbDTH D, ZOFERIT p53 DZRRERIIFIZ L
AET, —OOHOPT, HBICAELD LS REARERIT
ELTWRWZ EBRRENRE, Z0ZEMLE, ZALD
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P53 DERERIT. BIRABROBMTELELOTHS
5 LHEEINS,

6. YefafkEIROMHT
BIFIZ R ARG EREE T, REEOKORYE (MY
VI B/ VI-) CHEENRE (BE. YN, $46L
BARE) OZo0FA PHRbH5B, LEMEROREILERE
FORMEERESEL, $hREEORERMFOT L
D BADREIC &2 REHLICfE-> T, BALILES
THEELLNTWD, —F, Y RinEiLR A4 ER
MIZHHEETOBEETESEREZL, FLWFRATHE
fEFEAL., MEEEORE~SIER LY, &mESN
EECDDBEFOREHRBICEELZY LTWS,
X TRLETERRTESNK donor H3E T HIK Y o
NI 2WT, PMA & Ionomycine T3 L T, %@
HERERMBT L, TOER., KEHEHKOHLLZLTHS
B, FIN—70 donor B THIB Y @D T #ifa Y
BT E—DRERL, JIY NERBO I n—F T 4 &
fEMT LR LSRR L€, HBORGBARENBEIND
ZEBRENTT,
(a) ABDALATIZOWTIE, B1I5HFERABED b
Yy I—n0, £BORBFERAELL T BEINE,
(b) DE®DDI, D3, D4-D6 i3, Befafs 11 FE D ARG
LA I2EBOERE L ORMIC, LBEORENREL
TRY, FOWEOEEILB % ThHol, £72D6 U
B D 52 % i tetaraploid TH o7, D2 idGE
12 % B @ E #Hi%k &b O RE HERWEAK L OO
ERELCTNBZ X RENTE, ry THREYESZ—0
. D3& D1, D4D6izER ST

m
o 2n=30, X%,

E 1 : 2 3 i 4 5
0oseowo
8 7 g 9 10

D10
o 2n= 38, XX, <11,

| : . 2000, X%, 411, ‘
S | H(rAEE) MDAtz
e e
§t ‘? i{ .
e e
R AR b
W o
S
e e
L4 S hs
4r 21
FaReE
Ci6 17 a8

9. D3-D6 T gl o/l AEEE O,

WS, RO LS LB OREARENEEL TV,
ZORERIZ, D1, D3, D4-D6iz4 Uizl 11A &
12E O, v T #ilg) 7% —0BEFHESN DD
LETOBITAELCZZ L E2RE LTS (9).

(¢) EHOETEN X, Al 12FB0F A6
K15 FBHO A FEIE L OMOLBOEREABEEELE,
OYREEREEDHEIT8 % Tholz, L Lffik
DEL., ZOTN—FTE—HTRL, ETOREALE
I% tetraploid (64 %) TH 5. E8 & E10 i%.
diploid & triploid @ ® aneuploid TH -7 (47-53
chromosomes ). El1 12k, EEOLRBEAEEIZRN
ZENT, EREEEZRL TV,

(d) FEDOFLF4 T, 6E7TEEOF EKE BE
FI10FBHO CHEE L OMIC, LBEDEBENEFEEL, £
TEE I BLAERN) VI - XBBEET VI -0l
BORBEREPEEL TV, THODOLRBEREED
FHEIL 82 %M Tho (K10).

10, FLF4 T 48 U oS ORt s R Do,

(e) GHDG5GL0EF, HEMKIFEROARBKELEE
F13FB O DRI L OMOLBOETENSED LN, £
DEEDHEIZTI % ThoTc (H11),

(f) HEEOHIL, HI2E3, #EE6FBEDOAGEHL X
QeBARD B HIOmERLBICEBD DT, £ OEE
DIEEL 87 % ThH ol

(8) B (B8B10) & CH#(C11, Cl2)D ) »/YEiz
OWTHL, ENENRR oI BROBREZR L, i@
RPEBERFEIFDONRpolc, y THRY €75 —
DV r4] vl BioFHBHES OfEEEL O PCR-SSCP #iz



B11, G5-G8 T #fa ) W EDOGEERE DT,

%5 The Common Chromosome Aberrations and
Frequency of Lymphoma Cells in Each Group

Group Lymphoma Basic C Fr

q Y
Cells Karyotype Aberration (%)
A Al,A2,43% A5,A6,A7 2n=41,XX,+15 Trisomy 15 41 (245/600)
B B9, 2n=42,XX,+15,+18 Trisomies 15,18 68 (34/50)
B8,B10 2n=40,XX -
C Ci1, 2n=40,XX, t t(12F;15A) 36 (18/50)
Ci12 2n=41,XX,+15,t Trisomy 15 and 80 (40/50)
t(13D;15B)
D D1,D3,D4,D5,D6*, 2n=39,XX,-11,¢ t(11A;12E) 68 (15/22)
D2 2n=40,XX, t t(12E; ?)
E E7*,E8,E9,E10, 2n=40,XX, t t(12F;15A) 88 (14/16)
Ell 2n=40,XX -
F F1,F2,F3,F4 2n=40,X, Trisomy1$5,
+15,-X,t Monosomy X, 82 (14/17)
t(7F;10C)
G G5,G6,G7,G8,G9,G10  2n=40,XX,t t(1A;13D) 79 (237/300)
H Hil,H12 2n=40,XX,t t(6A;XB) 87 (18)

*most of cells are tetraploids.
( ) aberration cells / total cells

LBMITTIE, ZhBERTNRDY N ETRR TN
VRERL, ENENRRSTZETY o EMIEERTH
HLERFBRENTNDEIDT, ENEND Y /3 ERR

oA RTIEEHAELTWAR EEZBND,
ZEBY TIE, BAEAKISEREEL I8FRHICINI Y I -3
68 %BEHBHNB A, BERBI0O TIRED ARV, %
72 Cl1 Tit, BEBE1R2BHOEEEE HLEED AR
WICEEREL TWT, FOHEEIR36 % Tholk, —
FCl2 3 E 13 F B0 DEEE 1558 0 BEE &
DEITH 80 %IZERENED I, £z, 15F MY Y
I-BEREIM,

INOLDORRELELDTEDONRESTHLD, ZNHOKER
20, MHBERBBRY L BOHEE, yTHlAY S
¥ —DEEFHESOL U 2 81% 0 LERFIHIZRN T,
HEIBEDOGREEL LEORLRBERENELDZ L &RIE
LTW3,

(4) %

BHEBIZZ > THERSNDIBADEE, BHEEIZ. b5
BEOZMMIES, EEAD D VERERSICRTA 218
%% T 5 initiator &L LTIEAL TW2EE 26N T
5. TLTEDORRL LT, EMNEETIC. FEOLTEMN
£ULBZ LR, BPAD initiating events TH 5 Z & i,
—fRICEBDOENTWDZ ETHSD., L L2l oz
EoT, EDXIRENEREBEFIR, EOXIRAI=A1
TERZEULIVFDZONE, FEEHIATHRN,

INETHRAIBIORYAEZERAL T, RHEBKI
Lo TERIZHBRIZ THIfEY) VSENAELDREHERL
T, BEHRIZ X > THE L 29O L~ TOE(LCR]
BAKRTH DR1Y B OF AR OMT 21772 -
Tk,

FRLITRBNTIEZ, LV EMICHETY VBRI DR T %
HMBEDIT, VY —F—LWRABEEEZERL T, 8
U o ERORE & FBAHE OFE BREIT 21772 72,
FORER, BHEBRFRNRY NERE IR D EREY
fikaiz., DN (CD4~CD87), CD8SP (CD4~CD8"),
BILODP (CD4"CD8*) T, LLoHOBEARKRH
2J1ld BEOKBMABTHLD Z LARENE, 2L T
1.61Gy 4 BIFEH %, TL-2 BAEMEEZ IS OR#L S5
DBEATRHIEPLREELTLEbDELEEZLLN, ZRET
DEGFERP LAY o EEMEIZ, 26 TL-2 Bt
DORPLHELEL TS DI LBEHALNIR T,

WICTRE & 72 5 D% TL-2 BT R TH, B3 ALD
A= avEELTVWEDORE I PENITZ ETHD,
COMBERITT DI EENIZ, BHE%Z228AED
Bl0.Thy 11 <=7 ADOEMIEEH TL2 i THRE L.,
TJa—H%A hA M) —TH¥F L7z, Z® TL-2 BHMEEE
BAFRLT, BXOMRZBELT, #EEARAKROT
MR Y v EOREFERFER, TL-2 B+
Z1/10°~1/10°D#EET, Ai) VR EHBEAEENT
WBZ EBRbrol, ERBOBNEMEKTIZ., TL-2 Bt
HMARDDEE THEET AL ST, BT v SEH
FUXIEBICHEENBEND, HDEAWRIEEAEEERTWE
WZ EMRENT, ZDOZ kid, TTO TL-2 BBt
i, BADA == a3 v ERBRILTWED TS,
TL-2 BHEMBEOR P SHEEDBEWIERT, MHM0OMRA
E~DEBEC TR Y BRI R L 2R LTW
514~—16)°

RIZFEBADEELEZ D LTEERRIR, Z0X57%

_46_



BIALDA = o— a OET ZHE, 1 >0OHE)
HHERTDEION, W OLOMBIZAALDA =
T—3 g UREL, BHELOBE T selection 23EVTH
—7u—=EiRBDONENI R THD, DD EIR
5 (161Gy X 4) #. {E&Rliz, 28 8 H® B10.Thy 1.1
<7 ZAOMEEMEY, HTL2 ETHRe L, REEED
fafpmmp o TL-2 BE#afe (102-10°) %. 5% B10.Thy
12= 7 ZDMRIBRICHBRE L. 345 A%, U @RS
A LBEEIZONT, HEEFEHERNPE 5% Thyll &
#Thy 1285 @& THRELE. ZOR8HEE (AH) 256
DS, ftEEdERD T Y o/ 36 fI4£ Lk,
FITINGLDY NS DNA 258 L. DNA
iE4 OFHIRERTHLEL, BxO0THRB)ESZ—0
probe Zf i L T. southern ¥ TMF L7z, 7 u—F
FAIDONT, EHRFELLAND DI, DHEED
D1-D6 ® 6 floft 5.5 Bk T MY o @Eic>nT, 1
BEFHEEIESEEODNA Y —7 v v I E{Th 5
oo FORER, ViaJr® V2 J DS EKTIE, 66
M2 (D2, D3) ok&taEo DNAERYA, 4 (DI,
D4-D6) @ DNAEH & Rpo>Tniz (5), MoOEE
gk THIRRY iz oW T, Z7u—F U7 2%/
Bz, Vrd b Jrat Jrl 0830754 <—2 &K
L. PCR-SSCP #: TE# L. BETHEEIFESEHLAD
DNA BEFIOBWEENT L (-7, £3). TOFER, A
dsEo T MY 3 ALAT 2 2WTHEE U FER
LTWABDT, Zabnl voNEg, BE—HEHkETHS
L BHEEEND, £z, EF,G HEEY v EbEh
EFNORTRILAY RRZ— U &2RTOT, B—Hfadsk
ThHBHIEBRBENTE., B, CZOWTIEAY FERE
RBEDT, THFNR3/ua—r, 27u—VHEETHLE
LRI E T,

COEBRREFERALT, THRY 7 —DBETFE
RO EEL ORI L bl d B KT DD
Lz, BHRABBIZRBWTELD DTS4 Ul
EHETDHHEE2EL, ras PABGFORRERS p53
BAMETEGEFOLR, BIURAKERE 0L LS
DSWTRF LTz, ZO/RR. ras iz oW Tid, FREnD
HTHBOERERIRAVWE SR oTz, £l pd3iT
2 TE, Exon 475 Exon 9 £ TIZ oW, £ Exon
DFIIZ BV TE Y 72 primer 45 L. PCR-SSCP #
T, FEOEBRRD donor HED T MgV L3 fEiz oW
TERPELTWDEE S MEHR L. Exon 5 TiL,
B0 R E7 \CBRERNBRENZ &, F£72D6F Exon 7
iz, G 512 Exon SIRERERNBRWILEShTZ, ZOF
B3 p53 DERERIIFHIZ LIERET. —2OHOP T,
HBIZAELD LI RERERIEL CVWRWZ EBREN
Too ST EME, THRBOD P53 DERARERIT, FHERA
BREOBHTELELOTHA S LIEEEND,

—%., WRAERFIZONTIE, 2V N EIZBWT,
BOREPHmEEL LED R AERENFEER RWIZE
N, EHRKREEERZ &t £BRFEAHS T R
Yoo THEY 72 —00h» 5, Bl v/ fEf
o a—F) T 4 2EF LR EFELT, BOG
EERENEREND Z RSN, i, A®E¥E
DY EALATIZOWTHE, B 1I5HFERAFON) Y
I, HBEORKREELLT, BEEhk, ¥72DH

FeDV 8 fE DI, D3, D4, D6 ik, #efefk 11 B E O A EE
CHRAEI12BEOEEEE ORI, £BOERENELT
BV, TOWMEDHEEIZ68 % Tholz, D2 ik 12
FHOE Sk & DR E R VEEE & O ORI
ELTWBZ RSNk, 1ITHBY 74 —08BETF
HEAMOSHT T, D3 & D1, D4, D6 id&Ee > Tz,
LROL S IBOREBARENEEL T, TORE
i3, D1, D3, D4, D6 iz 4k Ulz defafk 11A & 12E OEREE
ITHR) 7% — OBREFHEEIOD L0 TEL
Tz ERBLTWS, EBEEDY EET-EI0 ., %
BE1L2EFEEOFHER G RBEISEEIO A FHELOMO
HBOEEIEREIN, SLIFHEEDY - YE FI-F4
Tk, BBEET7TEEOFERLREMEI0EBED C HEE L
O, LBOBENFEEL., EhE 15 BLREENY Y
I XYtk E ) Y I~ DORBORGBEREEPEELT
Wiz, ¥ GHEDY VNEGS - G0, Rad 1%
B AfES & Ytk 138 H 0 D 8 & ORI IL8 Oz i
NEDH B, FTOTEOHEEILTI% TH -7z, HHEED
YU EHILHI2 E2WTh, Refa ik 6ERE O AREEL
X0 BEKOIRE N LBIZED N, TORED
BEERST % Thol,

IS ORERIT, BARERIAIRY L EOHE, B Y
VAEMBOELIEBHT, ¥ THRY 708G
FHEEFIOE L DRIHEOHEBRATHICBNT, HOFED
HELZDEDIRAERRENPELDIZLERBRL TN,
DEDHRE2EZ ALY L. BABFEEIIRY @D
BE. BELXZLEDOIRAMGKREREN, initiating  events
CLTHNESIT LR, pb3 R ras D E/RER T
promotion % %V iZ progression DEBETCE LT LD T
A5 LEEEND,

—RHIZEZ DTV DR BERADOEBE TIX. 14K
OISR DTS I DB A E E L EE DA ERERDE
H &7 580 DNA K XET 5N MHEREEL T, 20
ERKEVEEOERRN, BRALOYHERICESLTW
BLEEZLNTVWS, bLIDLIRELFVELWVET
5 &, ras oncogene ® mutation i, K& B EFOH
® codon 12 % codon 61 DHDERIZ L » THEMILEH
5 DT, %O mutation DHERITKENEVWEBZ OGNS,
F 72, abl, bcl-2, c-myc DXk 5 2R ABETF LA
BEOESECL TV DIEET EOMOEREICLD LD T,
INL2Oo0DKRENsite 2Z 2 RIFERZLALD T, Fhiz
FoTHUPERITIHELS L, hEWEEZBND, 21
LT, p53° Rb &0 5AMELEETFILAERER,
INE R RERPKERREILL ST, BALIZFELTNS
LEZLN, BRI A ADKRESPBELD L. 100 fE41
MRL LTI, KE<RBLELZON., PAMGIERGF
DERERT., KHBEN AR D initiating
events & LTEERFEZLTNAZ LT D,

L LEkx OFRIZ, THERFBETOIRREEZBTND
B, ZhALDEIHELTEDLIIEZLELRVWDIESD
e THIRBELTWS O»ORESR 2B THRBE. 12
i, BEBRIC L o TBIERBIENDMRADKIE L. Dk
BHFER SN BEHOARLEEOMBET, 4B L T,
BALbEREEZE - TCWD, TRbLIRFEH L, B
Liew A2, BHE L TWWHiE RWREZ WEE TicE
H+azZ lizky, BHLTW2WRRERED THEY
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VREREL, LILREEREENBEINLZETHD
D, kEBEEEESRTWAZ EThhHH., DNA B
BEN, MBS RERLERCRBPAICEZDHE (oL
213 Telomere-like DNA EEH A Fid # 5 F e BARB 50,
EHERLROBECEELRBREDD &, LiinTA
WAEDNA BB NI AR Y DX 5 7% DNA BHIAHS
HERIZ L - CTiE k&, DNA PlizA &SNz T3
k) ThDH, TOLIRBEHET, EHRETLELDHE
MRHY, DNAREEXREL TEREENELD L E
BT, FOBREBENELICEESE L TWDPEFFLTY
SHERDLD EEDbND,

SBITFEOERRBTE LN Y U NEIZSWT, L8
T8 L TWBREMKEREIZ OWNT, 2V ABREKELHF
EMENTFEHEEER LT BEBMOFEES DNA GO
R 247725 L L BT, ph3 BAREERLHIBIZHONT,
EHIBELWEIT 2T 2., ELRMOBALEBREFLINA
WHBETFI OV TS, EBITE2TR o TITEY,

5. #fEe

I 2R FEIE,. Mrs. Chen Ying( FEELBH#
WFEkD) . S REL Uk #), BkEZEL OLk.
) LoERFETHD., MIRY L EIZET5FR 4 OB
L, BEMEEROBADL LICHERTER, £ES
iz Bl0.Thy 1 avPx=my /v U AER LT
LD ThHD, FRPEOEEIC, BREOHAITLID
HHEERLTZW,
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Effect of hr-G-CSF on Induction of Myeloid Leukemias

by X-lrradiation in Mice

Yoshiko Kawase, Makoto Akashi, Masako Nose, Gen Suzuki, Atsuo Akanuma,
Hiroshi Ohtsu™, and Yoshiro Aoki**.
Division of Radiation Health, * Division of Physiology and Pathology,

** Division of Radiological Health, Faculty of Medicine, University of Tokyo.

Hematopoietic suppression is one of the serious
problems induced by whole body irradiation.
Granulocyte colony stimulating factor (G-CSF)
stimulates the progenitors of granulocytes and
accelerates their recovery from bone marrow
suppression induced by cytotoxic chemotherapy or
radiation. On the other hand, G-CSF stimulates
proliferation of myeloid leukemia cells as well as
normal granulocytes in vitro. We designed a method
to determine if G-CSF affects the incidence of myeloid
leukemias induced by irradiation and the types of
leukemias induced according to the FAB classification
in RFM / MsNrs mice. Administration of G-CSF (2u
g/ day for 7 days) after a single 3 Gy irradiation
significantly increased the number of peripheral blood
neutrophils as compared with those in control mice.
Even after discontinuation of G-CSF, both the total
leukocyte and neutrophil counts increased to day 10,
and their levels remained elevated until day 14. The
incidence of myeloid leukemia in mice exposed to a
single 3 Gy irradiation was 18.6% (38/204) and
treatment with G-CSF did not increase the incidence

[157 % (32/204)] . In the mice with radiation-
induced leukemia, the ones administered G-CSF had
a mean survival time of 349 days, while those not given
the factor survived for 357 days. There was no
significant difference of survivals between the two
groups. Most of the radiation-induced leukemias in
the two groups were M1 or M2, according to the FAB
classification; no characteristic difference was
observed among the types of leukemias. Although
G-CSF stimulated the leukemia cells in vitro, G-CSF

administration after irradiation did not increase the
occurrence of radiation-induced myeloid leukemias.
Our results demonstrate that administration of G-CSF
effectively accelerates neutrophil recovery from
irradiation-induced hematopoietic injury and does not
enhance the induction of myeloid leukemia in RFM /
MsNrs mice by irradiation.

1. # &

G-CSF (Granulocyte-colony stimulating factor)
MRS % A LT BRI R~ L ML &, E/, 20
W ZEE ST VBRI A Z BB Es T
3., BEFOBEBEFR I v—= 7 &, Ml T2 E
£ EZN 7z G-CSF i, BRI LHBmAL LEBERgic
X5 BHMGECEHEME, EhEEEI LT, 58
BHEZICEPREELEDIEIBEINTND, —F,
G-CSF iz, EERBERIROZZ 6T, Bt a M/FEm
ODHBEERNB TR, BHEREREEH

( Myelodysplastic syndrome, preleukemia) B&E~D
EHEFESICIVEAEBEHE A LA ( Acute
Myeloblastic Leukemia) ~&{bdAELHMEI N T
B,
AMREREESIF LTS, G-CSF i, H#AlE LT
FRTHAZ EMERHINTVWD, LELARBS, K
REWFERINEALFREEYEERICNTS G-CSF o
REBIIETIREI RV, BxiZ. ZNETIZ XRRBE
ZEh, BHMAELBEAEHEEICRET D% RFM /
MsNrs ffv vV A2 RHI LTz, Z0REHAV, BE%
G-CSF Z&Ef# 5 L. BREAMBORBEHEE L O,
EHFEMIRIETHEBLR . AMARERICL 558
EORFEL L TOREMERR - TAENLRE LT,



2, REBHE

EBHH B3

AWt GCSF iz FlABAICLIVELEESNE
human recombinant G-CSF (hrG-CSF, specific
activity:10° Unit / mg protein, 0.25mg/ml) T (&)
FYre— ik vftsshi, v Rk REFEED
RFM /MsNrs =7 2 (913 B0 #£EHRL. BFE
fast (MB-1: RBEER) . HEE/K (pH2. 83.0) 12XV
B CV T TRERE L.

BitE G-CSF 5 H%

X#EEEE, EE8386Fa=y b (BERER.
200kV . 20mA . Filter:0.5mmAl + 05mmCu .
FSD:56 em) 12X v, #ERIZ, 60cGy/ min TfT -7,
9-13 B D~ AL 3Gy X e s 1 BIRH%. 2 pe/
shot /day (0.2ml) @ G-CSF %. 7 BHhEEIEEES

(i.p.) L7z, #fERE LT 0.2ml/shot/day DAEHEMNE
#k (saline) #ip HELELOEZAWE. BMIZMT
FIOITV, BEE#?D dayld £ COHMERE, Bt
FHPERE O EEIREB AR,

BlEDZ :

HEOWN L, i, BESOBHLFEEE OJIEIED
bl v Ak, BHEBLAIC X 0 BRMEHI L, REEH,
MEZORBEIT o7z, BENIL. KM MBHEAR & KEBE
DOEREMIE., BHBEOYA PR AR (Shandon #
) 254 b FrFRONVFFVHE—FE (P.0.) K
o L, BHEALKESEH Loy 20 BER
(Ix10%E) #RRM~T7 2AORHIRL VEABHEL, 4%
FHMRTLZ Lk, BAMBERKISOBRN 21T o7,

G-CSF @ in vitro T® A MyRHIIE O I~ DHEIL,
B~ 20BEHEZEOAMFEME (1x10%E)
G-CSF (100U /ml) #Z@mm#. *H-TdR (37kBq)
[T, 30 BER S AT AL LIRET LTz,

3. # R

(1) G-CSFOoBS~Y20OBPMKOEIEIRS XD
#0
1. G-CSF # 5~ 20BE%OE mBRE L st iF
R O EIE B AR
hid

5y G-CSF 2jug/shot/day

IRREEERE

~

[~
T

No. of cells(x103/ul)
N

ez I S

0 1 2 3 4 5 6 7 8 9 10011 12.13 14
Days after total body irradiation(TBI)

4 1103/ 4 ). HUEHLIGYRMTRO BMERT, o, AR
gggﬁ%%;v;%émﬁ&(waé)\ AT P ERIUANC), FEHOH, @D
1. Salineff5-< ™ AOWBC., ANC., RiR(IED, BENIG-CSFRF <Y A0
WBC. ANCH ¥, £AOEAT Y AKIE, n=3-4Tmean£SETEL .
day7(*1, #1). dayl0(*2, #2):p<0.005. day14(*3):p<0.05 .day14(#3): p<0.025
(Student's t test)

BB~ ARFM/ MsNrsf<o A2 (n=13) OH
MmERER, e FPEREIE, &4 3600 = 320, 1400 + 140
(ML:mean £ SE) Thotr, MLIZRLEZEY., X
25 1 EREE®R,. G-CSF O, i p. Ai0<v 20 HMER
B, M iFPERkKkiE, ML (4370 = 190,
1420 = 60). B~ 2Tk, BHEE. QMK
Rk, & LIEFERICED L. dayld T, BB
PRXEEEMPED DD OO, TR, KR
ELTCEBMETHo7 (290 £30). —F. G-CSFi#gs5~
U A LIS RAYIZ dayd THIMEREK, #ERTEF P ERK
ELITHEMERER L, day? T F PRI BAE
% (i p.AD) O AD0%ETEEL, HETEHICEH
BEERBEY LN (Student'sttest)., F/. G-CSF #%
SEHTIIELREK & FPRERET 0% LEML.
dayl0 CTIXEHBIOMEX MLz,

(2) G-CSF 0oBE#~7 ZADHEMTEL DEE
fEALE~ 7 A, BBE saline 5~ X, B G-CSF #
e A0HEMERNMLEZ, B2, BLIRLEEY, £
<A (n=98) OEHFHFMITE66 =97 A
(days:mean = SD) (440-1042 B) Th o7, Zhic
f L CHE& saline&G5<7 2 (n=204) OEHFEMIT
484 = 144 B (184775 80). B& G-CSF & &5~<= 17 2
(n=204) TiX467 £ 161 8 (128-800 B) TH o7z,
HEHERICIE, ELE~ A LB~ X 2HOMTERE
EVRED NN, B2, L G-CSF 5w
Lsaline BETTVADOHMIERERIBDONR P -T2
(generalized Wilcoxon test ),

2. 3GyR% RFM /MsNrs = 7 A4l

100 T T YRR T =1 T \ T T
90 o

80 |
70}

60

(1) b= imanER
50 F (5) }——1 30y Soinelasu
a0t @ e | 3Gy:G-CSFigsmF ™

30}
20
10

Survival Ratio (%)

-

0

(1) - (2) (1)-(3) p<0.005

s 1 "3 1 i i 1 3 - i
0 100 200 300 400 500 600 700 800 900 1000 1100

-Age ( days )

(2) - (3) p>0.05 (ot significant)
(goneralized Wilcoxon tast)

# 1. G-CSF OFHMERMFP~ Y A DEHHm & R4 R

W52 B8
P54 (days:meant SD)
KRB < A
&Y A FHEALRE <Y A S (%)
AL 98 666.3 = 96,91 . 0(0)

4842 + 14392 430.4 £ 115.29  38(18.6)©
(411.5 & 142.9)%  (356.9 = 115, 1)*

3Gy + Saline®¥ 204

467.2 £ 160.93  419.3 = 118.28)  32(15.7)D
(397.1 £ 161.2)%  (348.7 £ 118.0)%*

3Gy + G-CSF& 204

(1)-(2), (1)-(3) p<0.005, (2)-(3), (4)-(5)p>0.05(generalized Wilcoxon test).
(6)-(Np>0.05( y Ztest).

TEROMEBHEOTHER B H(mean=SD) R T

* *%p>0.05(generalized Wilcoxon test).



(3 G-CSF oifHmFREHMEAMFEORER Ol
WY U ADFMITE 2 DHE

B3, ROCELIRLEEY., BLE~ T A TiREHME
EMREDOREAIZRD DRI o7, F O 23 EE
775 % (76 41/98) Itk bitiz, TOMNRIE, MigY
VRIEL19 % (241, FEMARY L REET55 % (7441 T
Hole, T LT, BE saline G5~ 7 R Tid
186 % (38 #1/204). Bi GCSF # 5~ 2Tk
157 % (32/204 ) OBHEBMLROBESTFD LN
B, 2EOMIEERZEREDONE» o1 (X test ),
WEOEHEBMKE~ Y A DFMmik, BE saline 5~
7 AT 430 £ 115 B (212691 B) (days:mean =*
SD)., BH GCSF# 5~ A Tit 419 = 118 H

(241-753 B). WEEMICEEZ IR -o7 (generalized
Wilcoxon test),

3. MEICIYRELICEHER MR~ Y X OEF iR

100 1T

90 | = (b=——1)  3Gy+Selnefd5 MLy RELL |
‘ y AMEEART YA
80 L “L (Feeeoed) 3Gy +G-CSFREMEY R LE

ARIERRRTY A

Survival Ratio (%)
o
[~

0 j00 200 300 400 500 600 700 800
Age ( days )
4) G-CSF OHMHBFEHRBHEROFEICEZ D%
#p
Bt saline &5~ 7 R LBE G-CSF &5~ 7 AT HE
Li-BgEfEE % % & F @ French-American-British
(FAB) It CTHE L (&2). B saline <
U ARFELE U EREADRE. M1, 1140, M2, 12 fIT
FEHK (N=38) D061l %% Lz, B G-CSF#5<
AT, M1, 841, M2, 15HTHLEH (n=32) O
T2 %% T, MECHMMBTKREE D M1, M2
BBLE-U ADHFMRUHFMIEHEIL, salinefb~v
AT, M1%436 = 114 B ( daysmean £ SD )
(212649 H), G-CSF #% 5~ ATi%, 483 154 H.
(313-753 A). saline#® 5~ ATM21%39%4 = 101 B
(241569 B)., G-CSF# &5~ 7 ATiX., 400 £ 87 H
(277535 8) Tholz, MO ML, M2E2 L OV AD
EMITEEZEIL2 o7 (generalized Wilcoxon test)
RSt saline E~ 7 A REE L LEHERRERH
Brliz~ o AT, REMEMRKIZN4ATHY. "a’%ﬁﬂﬂ
BOPOBMERIZS % Tholr, MEICRHAE L 4FITEK
M EMEREOEFEBEM (12.8-384x10%/ 2 L), EXKME,
L ERERTEMEBEREOMENRONIEILLESE
it aMmAS (Chronic Myeloid Leukemia) &2HFL7Z,
B saline G5~ ALFEE L 360 CML 0Fa
i1 446 = 38 B (daysmean = SD) Th v, M4
GCSF#E~72AbREELE1IHOFEMT 263 BT
bolc, FABZENBMEERMERMKEOFIEETHDZ
LD, FOMOEITIXFOHBBIZALRVWAMKE, b

BHEEEEEmREED 446, MDS1flL. £HIEOER
REBIZEBHEREFAR NI ADFETICE Y PO BHER
BIOIT, HEEBRFORBIZL VB L Bt
MmwEFNE, £ OMIZHE LT, TR OE < OFRERIO A M
R D F AR, %ﬁkﬁe%@&mot(x%w
generalized Wilcoxon test ).

% 2. RFM/MsNrs vV RIZBWTHHEBIZIVFE
S ERMEE MR

HImERE Ml M2 M3 M4

M5  Others Total

x BE
3Gy-+Saline® nd @ 1 2 1n* 38
3Gy+G-CSFE s 5@ o 1 1 T 32

“UBIOAR | FHBBHEERERKD. BT B E0RE). SR L) RE
WD LA REEERET. »7RORR | BEERESRAL. Wk
&0 EE MBI L BB ARG

(1), 2) p>0.05, M1+M2 p>0.05 ( ¢ 2test)

(6) G-CSF D st #3355 & 8EME B MR ML DHEFEIC &
DR

R LT BEME A MFE~ 7 A DM A RSB~ 7 A1
BHEL, BE~UXATHBELLALBHREZA Y, in
vitro T G-CSF izxt4 3 Kbtk % °H-TdR OFEREIZ &
DN (£3)., MIESEEINTZ 20 2KBE. wWTh
3B G-CSFizk v, *H-TdR OBV ARIFEEIz#EM L=
(Student’s t test).

#£3. G-CSF izxt+ 5 HaHFRAMFBMEIED in vitro

KIE
3H.TdR Uptake (mean % SE cpm)
[=Riikespill case medium hr-G-CSF S.L P-Value
M1 1 © 16070 £330 25180+340 1.6 p<0.005
2 39290840 38170770 1.0 -
3 252001200 307001890 1.2 -
4 28430650 50640 2160 1.8 p<0.005
M2 1 1610 +220 5540 +390 3.4 p<0.005
2 8180300 17100 +210 2.0 p<0.005
3 6080170 12660 +640 2.1 p<0.005
4 853403400 100680 1390 1.2 p<0.05
5 19430630 7267011850 3.7 p<0.005
6 17040710 46940 11090 2.8 p<0.005
M3 1 225804600 690401410 3.1 p<0.005
CML 1 237030 3550450 15 p<0.005
2 13050240 203880 %2780 15.6 p<0.005
normal control
(n=5) 163090 2290+110 1.4%+0.05 p<0.005

B~ Y 2 0B ED & MS45 1x 1058 12 G-CS F100U/mm. 3H-
TdR(37kBq) T30HERI/ SV A 5~V L Z DB fE % R 72, Stimulation Index
(S.1.)="H-TdR Uptake with G-CSFH-TdR Uptake without G-CSF. SEEH47 1
Student's t testiC £ W4T 572,

4. & @

BRI EBITRA RIEEZ LI 6T. MR /38,
BRI B M. FRE L HHR THEESNDBMEEE OO
EOTHD, BWMEEMAIRF/Un, CBA/H. XU



SJL/JRDO=0 ATHIBIZL Y EHEEICREAEL, FiT
HizBEWRERLLNDE, ZhETleHEH 4 RFM /
MsNrs %~ 7 A Tid &8 BEIC X Y BRI S mp 2 &R
KHETBEZ LE2RELTWER, Z0% 2 W G-CSF
ORHEHRIT X 2 B A IR HEICRIE TR LA,

HEBIT X 5 B8 B MR FHE I — A% 2-3Gy DR
HPFETHD EEDLNTRY., T EORETIIRK
REVHMEE2ZTHROAPEL ., BREMEELFRFEZHE
mERsz Lidiev, SEOER Tk RFM / MsNrs %
<7 AR 3Gy, 1EEBHLEZ, ZAbD~w T ATH,
OMEBIZI VEERERMEINREE v, FEERFE2SS
BEERELE L, TORE L~y Xz G-CSF 28 5%
7H B FPEREIEEERE L, FORRBRBNT RS
T3z hbEMLiz, ZDZ &ix G-CSF ik, BMOEH
ATERAERE - B X E MR O EE A BIRNIBET DO & &
RLTWD,

FEHRITE D E 5V OB TEEEEH RN REET 5D
BWEZFRAHATHD, ~UATIR, 2FBBOREMRIC
deletion / rearrangement B R 5 2 EB AR LD
FHEAMFEOBGEAKRETHD., —F,. Silver Hid,
IOKEBRITED2FE OYEK D deletion /
rearrangement IS M BB KGEs NS Z L 2HWEL
TR, 2FBEHOYLREHKIZ XD deletion / rearrange-
ment IZHEHFRIC X B2 BHEAMFEOF X &iTide > T
BH, SR ALEEREIERICTEENZ T TR+
STRRNPERELTWS, FiZin vitro OFFFE T,
EMEEE RN Lo B8R b —<llg L 3E5RT5 LE
MR 2 L OHELH Y, BERICL Y HFEIEET
BAOITIIEA RBEMALETHD, HHBFRICL>EH
MEMRREET NI 2 ODOBRESEESA TS, T
bbb 2% B OYAMKD deletion / rearrangement 72 &£
DX oz, BEMICHEMFRRIZZ ) E58%MEED H
TR L A e —<fif0ORE DL OBRMEOREICEL
ELlebTBRESDR LN D, BEOWE T, BIBE
HANECEREERICES T, BELUIHHEBRICED
BEEMEE RO ANEML, BET TOHERIEHES L
B, LENTWD, DI D, BEMEAMFEORLE
1, BREEIIZ XY BfEA~D & o0 R0 BRI Hfa s,
B ~OWE R 2 REI D E I ORELLEL T
B EBDLDD,

4|, Fixidin vitro DR THREIC L 5 B4 H miF
FHIzEH %2 B G-CSF O%R %7z, in vitro T G-CSF
3 MR OB AR L iz b b bF, BE#O
G-CSF # 513 MmE OB AERICEEL R RIh o7,
7, G-CSF®EDHFETHMBRE~ T AOAEF R
CBWTLEEZRBDLNA R P oTz, THRbDDL,
G-CSF {347 < & bisfic X v BiURFBEARICH M
S SN B U 0 BERE S v — 2 OB
EEDDBT Lol

HEHR R EOFMEAILFEORERDOFN T ADR
LLTSJL/]. CBA/H, RFM/Ms &nbifohsd,
BB BRI EERAE AT LD BN B dE OF 4 5 15
M+ 5%NSJL /] ~¥ 2 TiE, M-CSF ® GM-CSF iz
T U EEMAMROBENS LI ERTIZ ERBESN
TW5, SEIOEKRTIE, G-CSFizX b RFM / MsNrs
= 7 ARV TSR T L Bt R MEOFRED LFIX

-
—

Bbhihols, 2O AORHEIZ L AEIZE LTI
BERTRVWAE, FA MIA VIEXTERIER, <7 ADFE
HICEDETDZERd Y, RKE. ERVAT LTS
BoltRE2EDZEbH Y, SHROBRFBPSLELEbR
b,

B 2B WTIE G-CSF &5, EREICLY~Y
AOEFEREICEZRD NP -T2, 3Gy DBE I
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Purification of Thymic Lymphoma Cell Stimulating Factor (TLSF)

from Stroma Cell-Supernatant

Gen Suzuki, Yukiko Nakata, Ken Inamori*, Masako Nose, Akiko Uzawa, and Yoshiko Kawase

Division of Radiation Health,* 3rd Department of Medicine, Faculty of Medicine, Tokyo University

In attempting to establish thymic lymphoma cell lines
in vitro from irradiated RFM /Ms mice, we noticed
that the thymic lymphoma cells were highly
dependent on stroma cells to propagate in vitro.
Without stroma cells, the lymphoma cells grew poorly
in vitro. The lymphoma cells attached on the surface
of stroma cells or crept beneath the stroma cell layer.
Supernatant of the stroma cells contained an activity
that stimulated the lymphoma cell growth. The
activity was susceptible to a trypsin treatment but
rather resistant to heat treatment. We tentatively
named the activity as a thymic lymphoma cell
stimulation factor (TLSF). TLSF activity was not
replaced by cytokines such as IL-1, IL-2, IL-3, IL-4,
IL-5, IL-6, IL-7, IL-10, G-CSF, GM-CSF, M-CSF, EGF,
acidic FGF and basic FGF. TLSF was purified by
serial chromatography using Heparin Sepharose
CLA4B, Green A agarose, Heparin-5PW HPLC, SP-NPR
HPLC and C18-NPR HPLC. Purified TLSF is a
monomer of 8 kD species in SDS-PAGE. N-terminal
amino acid sequences of TLSF were determined up
to the 22nd residue. There are no homologous nor
related sequences in the protein data base
(SWISS-PROT Rel. 24, NBRF-PDB Rel. 36, 1993, July).
Purified TLSF has a growth promoting activity on
bone marrow stem cells in conjunction with stem cell
factor but not with GM-CSF.
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Studies on Oncogene Activation by lonizing Radiation

Hiroshi Ishihara, Izumi Tanaka, Kazuko Tsuneoka, Kosei Takeuchi, Kouichi Asami*, Tomoyasu
Higashi*, Chidori Muraiso®, Tadaaki Miyamoto™*
Division of Chemical Pharmacology, * Division of Biology, ** Hospital

Molecular mechanisms of the process for the
radiation-induced tumorigenesis are still unclear. To
analyze the mechanisms, it is necessary to select an
appropriate experimental model system for the
tumorigenessis and to isolate molecular indicator such
as oncogene.

After establishment of quantitative and rapid
method for blot hybridization analysis, we screened
several model systems to analyze radiation-induced
tumor. Finally, radiation-induced murine acute
myeloid leukemia system was selected. Function and
structure of oncogenes in the system were analyzed.
An increased amount of protooncogene c-myc and
c-myb was observed in all the types of the leukemia
cells. Similarly, granulocytic leukemia cells
constitutively expressed protooncogenes fos/ jun
families.

Furthermore, gene rearrangements in related genes
with protooncogenes c-fins and c-myc and in
interleukin-3 gene were observed in several leukemia
cells. Quantitative Southern blot hybridization probed
interleukin-3 gene showed the deletion and the
rearrangement in leukemia cells in only half of the
genome, and restriction enzyme fragment length
polymorphisms in the region. To clarify these
molecular structures, cloning of DNAs containing
interleukin-3 gene was performed after construction
of genomic DNA library in several mouse strains and
the leukemia cells. Structural analysis of the cloned
interleukin-3 gene showed that the occurence of
insertion of some DNA fragment at the regulative site
of the gene. We discussed the usage of the cloned
gene to analyze the molecular processes in the
radiation-induced leukemogenesis.
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specially designed for rapid and efficient tranfer
of DNA or RNA from the electrophoresis gel to
a plastic membrane.

Electroblotting”  apparatus
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Fig2 Comparison of Southern blotting and the LSE
method for the efficiency of DNA transfer.
Radioactive DNA was electrophoresed and
transferred onto the nylon membrane. After the
transfer, the blot membrane(M)and the gel(G)were
dried and autoradiographed. (A)Blotting after 1%
agarose gel electrophoresis of radioactive ADNA /
Hind II . B)A radioactive T4dC DNA (mixture of
Bgl 1 -digest and full length) was electrophoresed
in a 0.3% agarose gel. The DNA was transferred
by capillary blotting (right pair) or by the LSE
method (right pair). The middle pair shows the
data after capillary blotting of DNA which is
depurinated by treatment of the gel in HCL
(C)Radioactive large DNA of HL-60 DNA / Not I
was electrophoresed in 0.3% agarose by
pulsed-field gel electrophoresis. DNA was
transferred by  capillary  blotting  with
depurination or by the LSE method.
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S BARRER O AT
° TRRIERERCmAS AR

THERAnEMREk (C0Y (4 TOREEIEL CEWD)

! HREAEREOMAHEk (05 A TOREENEL, )

¢ EFROMmAsHkatk
Lz,

Tu—FLLTHERA LA VyaD—0D5h, vios,
v-abl, v-Ha-ras. v-raf {Z Japan Cancer Research
Resources Bank (JCRB). <7 A c-fms tZ Fred
Hutchinson Cancer Research Center ® Dr. R.
Rohrschneider. < 7 X ¢-myb i Melbourne Tumour
Biology Branch @ Dr. T. J. Gonda . =7 X cmyc &
HFOF—HRELE» o E2ZTc, v U X jun s
FIEIZATCCHEDbDEFERA LIz, Elz, HA bIA
YcDNA DS L, w72 G-CSF cDNA 1EKRR/SA A
DOEBHE—{EL, ~vAIL1eBIU L cDNAIKY IV
bR E#EL, <y A IL-2, IL-3., IL-4., IL-5,
IL-6 8 L OVIL-7 @ cDNA IZ B ARGEF S &0 bIRER
AR MO REEILE LB IUEE « [FERIFEEO
kT2 L TR E T2, £, =7 A2 M-CSF
B LU GM-CSF @ cDNA i3A8F S NTZBHFT— & & F
HAlLTsue—=7 Lk, avbao—ZHBLE BT
27 F o DNA iFZFtfsE TE oMK EFERA Lz, 2 bix
200-500bp ® DNA Wi & LTCTF v F LT 54 <w—T
2pi@a L, 10°cpm / ggDNA BE® DNA n—7¢
Lz,

w R

1. < U AEHMEE MR

RNA OGHOBER. o OFEEMIE L RiEC
myc, myb, Ha-ras @ RNA ZH3 £ T OB MFEMAk
EBELTEHEShE (R1) ¥, £, BhEEO0LE L
LTAEEN DMk TIZdE L C fos, jun $0EERE
FEETEI—RNTE3F L al— OB EERENRER X
N, £le, e bFrvaP—rraf YA b IAVED
EBEFEELFEEECI > TERBELTWE LD bbb o7
B, B EEEE & OEECHES L LI R ENL
Moir,

DNA #Z#HrO#R, 2B L TiL 2 ZEE A
A= DOHEBL TV LD -2, LV IS
SNihole, L, ZORBEDF a3 — E8IETIE
BEEOFSIIENEELON, £, 20 LiZAMFEM
faDOMIBERINSHRELRMLTWE LD EEZBNS,
—%. MCSFERAEKZI—-—FTL4av—rThs
fms DFF—¥ FAA VEEICHE T2 cDNA WA %7
n—7 L Lkl A, fms AT LB TV H AR
5 fms FHBEFREEHRHBEIN, FORICHERE
PRDONTZ, ZDX S REFECFHEREIIA o



K2 BHEBEHR<UR) UEEMRBIOBSERERT v MLREBICRT DBEFRABIOBERE OME,

REFHER' RETFHE"
d—FNo myb myc Hras fms IL2R« IL2RB IL-2 IL-1a IL-3
U vNE _
LL-01 ++ x £ - &% + + + - c-myc
02 ++ + + - + - + - - c-myb
L-03 ++ + + - 4+ + + + - c—fos
L-04 ++ ++ + * ++ + + o+ - c-jun
LL-05 ++ + = = &% + + - - c-raf
LL-06 ++ = - - = - + - - c-mos
07 ++ = + - - - + - - c-fms
LL-08 ++ £ + - - - + * - IL-R o
w0 ++ - - - - - +  ++ - IL-2R B
10 ++ - - - - - + o+ - IL-2
LL-11 +4+ ++ + -+ 4+ + o+ -
L-12 ++ ++ + —  ++  + +  + -
ARER
rmt01 - - = = - - - - - —

! MEFRBIGERO /7 V7o bNATYILE—2 3 ) CfTE 5T, RNABREUT—,

2 HFY R FOBREFICEERBRBHR S EN o T

:-‘!:,

+, ++ThHoblrls

¢ GEFOBIERERE LI, WIhbRETH > IcOTmt02-rmt06 ZEHBEY B,

V—rmyc ZERWERIZ bR &,

¥, IL3EEFROVWTRALEEZAS, T4 1k
HmAMAE L-8704 TiX IL-3 BEFOa v—EO¥E. H
17 B AR L-8028 T EFHEEOEETFERABD b
77

2. vURAMRY L8fE

RNA ##f TIRIT_RCOEFICHEBL Tmyb . IL-2#
BEFREN, —HOBET myc. IL2SZAEBEFRE
ORBELENBRE I (K2), #iFIIERMEOKRY
ERLTEY, #E52)) v NERREOEMSHEESRBL
TWa LD EEbia, £z, DNA ZHFTY L oNEMRE
OTHRZAGBEFOBRI/BRESNLTVWEYR, v
A=Y A MIA VEEFIRIE—EHOE LWEES
B FRIBHEIW 2200z,

3. v MLBREE

RNA #7C% DNA BT CHREELBE, = ©—Fug
. ERZLRECBESARP ok (R2), myc®
fos BRATLET LBDONR Mol Z Lid, ZOEHFOH
FEEGIERNTHDZLERLTND,

% W

AIFFEDBERDFA vV r—F—L 0B B TE
ERELARETHZETHD, SEED In vivo A HHE
HERBERERERT L CRLVBERMEORH SN
LOEIBRABRFRE UV AFRMEELFEORTh o7, 2
T, IORPERLVEEFEEHEOSBREICET S ¥
WL, ZORCOVWTEIZRMZED., BETRERE
(VE) BIUERFEERE (VIE) 244 L.

V. BERSREIVABHERMREER LA
vAT—UHEDKERE

HFHRFER~ U A FHMER AT Z 0% < SR

FHMEE D 53 bICHIRRA M, BRERERE MFRS LU
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HRERHRFERBE L L CHESATWAEY, 22 THE
OHMFMIERD RNA 25847 L. Fray— 94 b
A VEEEETICET A HEREEE R I OGS
B DEEMEOF R/ OW TR EZ ML,

A&

MEDFHEICE L TITV, ELLBERIECTin situ
A7 Y A=Y a U THIRERO B 2470 72%,

BREIUVEE

WENOHRERER~ Y ABSM O MFEEEAKTD
myc. myb. ras DEHEBTELTWE (E1), Zh
FHMFEBRERICHEREERICOIMEOZHEEND 2
LERLTNWELDEELLND, in situndA TV &A
=V a VX DERSHITOREREY THEEROHME T myc
EBEFEEBEL Wz, —F. fos, junEDEERTFE
fFEa— T4 0 aP—r0EaE. Thb6E2FHEL
TWRWKERBIURRHIZBRL TCWAHKO 2BEO R M
FRAIRAME S B o Tz, fos ZFEL TV WHIMIC M HE e
NRNVTATVERNTD &, o< O & R,
—IEBMED fos BEPLTOHMTEMNL TNEZ &2 in
situ NA TV XA P —va v TEEEANE, —F. fos
ERGANCIEE L TV B ERITWNTI b R 00 1 R R
FHILF S LToEESA TWS BRI THY, 20
BE fos BEMBITMBERON IR TH, —K&IZ
fos DA RNA BixFCEGEEERS L UWAA RNA &
BTHREINTEY, TuFarFF—¥Ch LoEHL
REVEEORETLZ EBNMbATWS, LL, 20
Mgl 754 X F—F COEMEILAITHEFNALRLT
ATNREFOHERTHS H7 (BT BIUT 2
F /<A DEOEEHREAZTML TH RNA Bib#E
BEOETHR oz, £, fosRNA 4EHEE %
bovruAaFUI REZE L TH RNA B3 E O
Bhiahole, TNHEOZ LD, ERIERKKEES MEHED



fosRNA DR T fosRNA OIS 7 — v D43
PN DITHEE L TV ARWEWS, BEZRAGOREIC
HEETDZ ENRENTE, ZOMBAERORKNERNZ Ok
BIZHB EWY in situ ™A TV FA ¥~ 3 VORI

W SRR B (R AR F D PRI IR BE 0 R 72 B M 23R
ELTWBZ L ETRBRLTWS, £k, M HAE LS
BIBRBE E MR MAEERICIEB L CZOMERALGND T L A»
5. B fos TR OFETE D B MR AL O BBk
BREIZEE L TWD Z &, i EhiEREE A My iz 4@
LIt BT BEEED0H D 2 L BTRENEY, ZhbD
BEFRATEIMEOAOFEO—EE bR LEL
bhB,

Fiz, raf RV A A VEOBBTFRBEICERLZDOL D
RIEBHIZRON R o, O EiE. EREOBEATHE
BT A3BEEEE2—FTB2LDEERRZY, A MIA
e Y OMBEMNEEICED I BEHEOREFHREIIA
MFEOEEEZFEHRL TWNWDE L0 EEbd,

VI. REHESFR T OABHERNRRICEIT5E
EFEERS

B THRE SN BB TR OBERIC L5
) AEEP BRI BITA BN S S Ly a Ll
W57 AREE TEHEROBETHRERESEHEL T
Ly EEZDND, BEREDHFEEEIMNTHIDIC
BHHREREERAEBRRESEIL. TNENRRDITER
TIFFEEZEDDZ L BEHTHD, L, YHEREE
REZTEFFORBRETRT—I—BEELRWZD, £
DAL E BIZEEEIC /> TWD, ZOERRTHMED
BEOL 51z, FRFMSIICHE Uiz B ifEHEHEE T
EBEEOD I BEFHEERE S AH I, Z0BEO
BED IR TR FREEOREBTE & EERTT5
WS I ERHFFTED,

2 CTTIERL L Sik@t OBV EETE
EREORZET T, BFEXNGEETF L L CIERELR
MWELWHIBERTA yad—rk, ELICEFHEAMFEM
H T A B & DO MERE Z . EEEEErEERVY
WHZ EMSYA MIA UBIVFOZEEOEGTFEIE
WLz, 2HRBEEFOEBRBICz—HKiZERALT
o, BIZABENTWEEEFE T e —T L LIt F
viuy hNATYFA P = a i X VBEREOR
E - S RTY., BERZSRCTHUZEETFOIe—=v Y
T ol.

A&

IVE D F ik THRERFER TS AR DNA O
Foduy hMNANATIIA ¥V 3 2T, EE<Y
AL LTC3H/He, C57BL/B10. Balb/¢c. A/]J
BLOSTS /A &EAL, 25 OFFIRIS X Otk
® DNA ZxtB & Lz,

5 ) ADNA 54 75 Y —ix. C3H/He~ v A,
STS /A <~ A, C57BL /B0~ ADAFE. 74
kB A L-8704 3 X UL & fusfila L-8028 misk
%) ADNAHBEXOLDEHEED I VAR,
50-200kbp @4/ i DNA % #I[REESE Mbol 12 & 5540
Wi, v aBEEARELECIDIOTESEDOE.
JEMBL3 ~7 #—zi## L. GIGAPACK GOLD™

(Strategene) #FAWTA v E buly r—2 0 7270,
KIBH P232 i CIEIE L. ZORRE, ZhFhnrb
10°-10" M7 m— v 2854 TS5 —% B, £,
Balb/c~vv 2%/ ADNASA 77U —iZJCRBRB LW
Strategene 75 2EIEAF L, 7o —= 3B ED
TPI=INATVEA Y=V a itk ViFole, Tz, ¥
Tra—= i 7T A3 R Z— pBluescript  1I
KS +™ (Strategene) & fEf L7z,
T A3 C—EDOREZUTOHETITol, HIRESR

PUHMLAEEHMBERIVELFBHEERED Y ) A
DNAO#g T o2 EXKETBEL., TAL ) TavT v
7% L2 LSE #% % h Fh HybondN + ™
(Amersham) % L < ix Optiblot™ (IBD) BB &R+ v o
BiiEEL, BRIV FEESER, £3. BT 7T
DNA 7u—7%2ANWTBEDNNA TV XA ¥~V a i
T, EFHEDNACNA TV EA X LI BY 7 F
DNAEBZREL., ThEHNEEELLTFHA vV ELD
H A DNA OfEst bz kdic, Z0HE. 2FEHE
> TFA B E~ND T AT 7 —NROET TS
ZEBRBB DT, BT 7F L DNA Fu—T7 TAEUKEK
DNy FHEOKRFERELREZRD, 2FEIZLDZ T
A7 7—NROEEBEBRETD & L VICEND FRAHE
WE L, Kiz, T4 eV ELED BT 75 DNA 7 u—
TEBRELEE, BHHLTSEDNA 7ua—7%#HNnTU A
ATV FA L= 3 2TV, WA NOKBSFERZRE
Lz, BRYE S n—T7 2klELTHUE B7 75 DNA
Fua—TTINA TV FA ¥ =V 3 21T THREERE
TV, A v VENDL DO DNA OREIZE 2 HEHEE D
M ETORWZ L 2B Lz, BT 27FDNA Y
=TI EARHES VDR v —T I X B HEESY
ko, EE~Y 245/ 5DNA OfEx 1 2 &—/284k &
LTar—H%+2EH L%, Balb/cBXVC3H/He <
JADY ) Lat—HEhl, HERXIO%UTTHD
ZEERER LI,

BRELUER

FADBGFEBRBLLLEZA IMs BBBEGTFRBIV
myc EREEFIEBERENEBD LN, £z, IL18
BaFRLU abl BEFIZAF A OIEEEZ RET S
RREEL, SLZIL3EETEEREA2RELL.

TR fms BB TFRB LV IL3 BEFIZOWVWTED
BERE LML,

1. fms ERBLBTOMERFE

fms %#* / & DNA O A X147 40kbp IZ b B LU ED

W2oxy Y rrbiE5 kb ® mRNA e End, fms
BHFRELTRZOL2RICEEZREEN Lo h,
fms O¥F+—F FAA EBIZHEHE TS DNAWH %27
u—T L LTHBEBEETNA T Y FA ¥~ a vEfTolz
25, fms BT LTLNA TY FAXT BN R
SHEBE SN, HEEOH LFE#E DNA TIZIE% DNA
ERERABNRI—-VEELTWE, TITIOHEINAT
VHEARTBEN L RERALPCTEE L BITERE -
PEEBGEFEHZTIDIZ, <24/ LADNA 54
T3V —LUEDNA 2O a— a2 507 n— 18
RLUTEFOHIREZEMH A2 LIz A, SEEDY /
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e TCTTTGACTGCGTCATCACAGTTCAGAGTGATGTGTGG c—fms
memem | T TTTGA12aGaGTt1taCACtcaTCAGAGecGATGTCcTGG KGFR

meee T g TTTGACcGgaTCtaCACAcacCAGAGCcGATGTGTGG bFGFR
e | CTTcaACaGCcTCtaCACcacTttGAGTGATGTcTGG PDGFR

== C I TTTGACcGaGTCtaCACccacCAGAGTGATGTGTGG m————— ?
w=—= CC T TTGA1TaCGTttaCACcaccCAGAGTCATGTcTGG ?
= I TTTaACTGCGTCATCACCccaTgAGAGTtGTGTGTGG ?
e [CTTTGgCaGCGTCAaCACcacagAGAGaGgTGTGceGe ?
mem= CCTTTtACaGaGTCtTCACccacCAGAGTGATGTCcTGG ?

B3 7 wu— A4k fms EEBEET ORI,
EFXF—¥ RAAL VABYEBEFO—E 2R L, KXFEIF Ims ¢ REC—BTHEITEALUIMIPXETETR,
(KGFR = keratinocyte growth factor receptor; bFGFR = basic fibroblast growth factor receptor; PDGFR =

platelet derived growth factor receptor)

AA

-—&::::—ﬁ~~'

C3H/He

1kbp

Figd Restriction enzyme mapping of IL-3 gene. Genes of IL-3 and GM-CSF (arrow) are positioned closely. Main
reason of the polymorphism in C3H / He IL-3 genome is an insertion of a large DNA fragment between direct
repeat(open box)at the upstream region. The other reason is small scale insertion, deletion and substitution
of DNA at the downstream region. Genome of several leukemia cells contains insertion of DNA (lower line)

at the transcriptional regulation site of IL-3.

LT EEs N (M3), TR b60RICIZERTHES
BEOREY /) ADNABRFEELTRLT, B MKFH
T RITBEERERE LR LN h T, A
TYFA P —L 3 VOBOHE A FOMELE—HLTWE
DT, FOKEEZHLMZTAEDIZEORIPIT 2T
oo ETFINLORDOY B, FFH—F FAAL ZHET
HEMAERE - BEL-B. TOEBOEEEIFREL
THEEERS T —F X—2OMFEEToT. SEEOMN. 3
BT O /MR RSB R 2 2R T, ST
HERERFIAEBEFRBIOT FF ) A MEBERTFEZA
FEBETThokh, SEEIFHAEETFTHo2 (K
3). EXHICEDBERTELS, BELEH AL Ny
LSRR ERTZACRETEICET DREREE
DFuL I F—PEEEDEGFTHDLI LEBFTRIN
2o ZOIN—TIBTIBEFIZS /) ARICEREET
A LBHABENTRY, ZOROWTANZAHMBILIZHE
SBEFEHRORRELEFOLD Z LBNREINZ, O
FRERFRAEEELFESATHWRWS, FHLE
fms FF—FEIBLII 2O VU RELZB->TVWED
TEBRINESETIE, LVHRORVWEE « DB
AHEIZRD LD EEDbNRS,

2. IL3BEFOEBERYE

¥ar—o L3 BEFHERESHEELTCWZY, BER
BERBZILTW2HEMBEBEEISFEEL TV,
IL-3cDNA EEEFIORMOF A FI A oD hEwT R
FIOFEMEIZ R, E2LLBNZ 25 LRHERE L~V
TEELEVW LD THDHZ EmEnd, &bz IL-3#
BEFRADLELCEATRY, EREY~T 2 THS
Mus musculus musculus WTHHIBERSRNEETD
19 ZZTZOREOMEED S DT, STS/A.
C3H/He. Balb/cBIUOEBERMBMIBDO S / 4
DNASA TV —%FNENHEEL, O IL-3EHEAE Y
u—=7 LTEDOEEHEITE1T o7,

v U ARFIAEDOHIREREEOFRDRER L IL-3 &
f&F L7 3kbp 2% 2kbp O RIFHIREES NEE L,
% Z 12 10kbp LALD DNABADR & TW5H Z & AS5RIE
i (F4). £, FIRIZLEEFRO/NEERFEA.
BRHERBIUCEEERM/EZ VLT (W4), Zhitky
F—ERZRZHNTHERMNRELE LTz, IL-BEF TR
X GM-CSF #7245 0 'Y, ME OMGHERZBORE
BT N =T E ORBITEERE T 5072 ) BE
NTWaY, ZhbORBAREEBIITEZRAZAD
SV, ZOERBREE LV TOE MR E MR
LA EIC L EEELEXEBD, Tz, BIRBEEOS
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LRI E K2 EFE S5 %95 IL-3 £ GM-CSF IR 2
HEREER OEMROEEIC LHEEL 52X 50T, FifilER
195 O FIRAN H IR A FERNESR R O OHIRBOER
iz IL-3 & GM-CSF 238542 b EBA b5, EE,
W &0 BEsEM E R DR EIT—HOERR~ T AT
BOLNTRY., ZORMEICLHELROBE 45 HEME
»5B,

Fl, Bar—D L34 LADOHEEL TV HMLFEH
AR TR R BEDORE L TNE Z L 3bh o i3
ROEREERETIZ LI TE P o, BREMBIFIER
EPBRAEEDY I DABEPEECRLND Z &
By = OB —FHT5, b DOREEE TR
BEGICRETILOLL Y, HEOERAEZREL,
FOWEERET DL L TREDHFA v IOr—2L7T5
ZEHBERETHE EEDPNRD, HEROERRFREDIZDD
E & DNA 47, QBEDTDDS ) A4 —F T BE%E
DRETH D,

—J5, Far—nIL34/ ACEEREOREL T
5 EMEMBERO YZEKE 7 v —=0 7 L TEEZ o4
Lid b, IL3EEREEAIIEE I DNA O A58
otz (B4), BERLEFOEERFIFIIETLT
WirnAs, WEHISB 2 8D IL-3 BHRE T A ALHEia
TV huiR Y U Th B intracisternal A particle 23
IL-3 8 FREERGHEBICEAINL TR, 2K
W BIEENT D in vivo THAE L BN E MFME T
LREELTVWDZ EEFREBL TS, 2OL5RV heR
Vv DEERE DA I OWTIIRER LA
R A &R TV, SESEELE 7 u— Akl
DRAREMERAZRELTCINEA VO r— 42— L LTER
RSB BT oE - o REE=F—TDHC
ETHLEEOERELMITTE 2 LEDRD.

VI. BEH & U

S & LT OBEEFEE—RICERNERTDLD
L ERTWIHHDOBE» HATEERE, L CUEERE
CELBBEDHIBEFEIL THFREED TITLERD
AR, BEETDEIAENEHETILDDOAL TV r—
AT HEELRV, Z OBE TEME L L TORKNS
BEDIEERES 7 LOREE - BEFSECHEETIZ LR
FHRENTRNWD HOD, ERICEETIBEFEOLD
R, BHEZ TS T LT OREE OERMBRVDHBE
WThbd, NEHETIEOREEEDS v Ir—F—
R BAFIET B TR L, BHithA vV r—4—0
RIE - DBERSHETHAH, &z, BEBR»LERIC
ELEBOSFANIIFEDEFALNREREL., TOXRIZ
BWTEBEORWS / AREEZFE - DBETDZERT
i, TNhbrRA LY r— - LTCEREGEIT S L
EL I FRFROBESICE Lz FETZEA - FFL,
SFEORIT A EDAZ LN TED, BRAFTRITFRET
NROBR WD HIZE L CBEFEEREORERRE
FEETOLEELIC (M1, K2) Y0, EROERER
HEZREHRSL (1., £2). WABSER~D 2B
HILFEDORDERBE LT,

TORIIRITIEEMEAMKRRERBREEZMETDI L, £
. 3 Gy BOBBEHHHIC L 0 B RIC RS EOR W,
i RIS ERAS KEE BB LT, KERORMLE

MERERE A FEIT D T DREOHE TIIHEE OEMEITH

BThY., J AEEZROBEDORET D LML

T3, RWT, bhEMERE2EHETAIED4E
LT E MR AR AR T 5 43, Z oMiEROR
IR U R P 2 TE R BTS2 T 72 s o Tr AR B i b
REE Loz, —ERORFEMEAEEND LE
Zbhb, EEE RMT EOEMMEGKITEA—A%T
L., 3—4BRIZIEELTVWELOD, ZOREE
M. BIRORBEDOFEICHIL ST, —EROMIBIT Y
BERERROND, Z0OZ it FOKKRBEETLL
FLREEINIRBETHDIZ b, ez mielk
M RERICRETD LEIDND, BRAKREORE LR
IR ST, ZROMIBTY ) LEEORELTND D

ERFRENDD, TOPRTEHEHMFRICRZVES 8
FHMEEMRE] AR e —a s Fuslbyiiagy
bbby ) AREOE. EHENSEREOBE. RIEMK
DS, EBEOBEBSLET, 1 — 2E45 MFEME L
ftFboltEZBND (K5).

[EEF A DS FHEE 2 & DIZHRAICIETT 5 - 0iTit,
APl — =L RDBETFREEZRE - 2BT2Z 0
SETHDH, BAIEHEERLFEORBLIRE 2T
EDLSiHR Lz, T4hbb, E¥C3H/ Hevw v AD
EMAEERIT 3 Gy BOBRERA R TEO—ELRE
EEZTD, FOE, W OhDF ) LREREEL TN
HETTHD. BEEZITIMRE. BEXBETD M
ST HZ L THRHEEHEELALTLES, LAL, 20—
30 % OEATIZBEMEI LB I, ZIEET A LR
ML LTEOBRD I nE—Y 3y Fulbyay
BRCERES ) LAOBRBIZELITHENT D LEZ DD, %
LT, 1— 2% BhFEMEEaE L TENLEDDS, 20
BETIE LRSS v — RSB EE L T
LHOTERES ) LAOBEIZILIZEML, ZhPBEEDE
ML EETELOLEEZLLND.,

B3 Z OBERFER~ ABHEAFEEETVE L

CHSHRRESE s B E R R A 1T T B IRTR 05 T & AT

TAHZEeEEMNE LT, MITBAE L-EMFEM @
HOBVEETHRERIUCBERELZRET D LW HIEA
{Tofz, FOMKR, YZEMBMARTEZNFILL myc.
myb . ras /2 & ORBILENL O, TRIEREEE MFEH
FTi fos / jun HMOFHmETENBH O (F1) ¥,
INHEOWERFEREDL HICHBALILTOA Y
=R —liRBtELILNZ, i, AIUFEMEIZRITS
fms ¥ —E KA VIZEB L BETICETOREL
TWABZ EWRBENTOT, TOREEREZETHLDIT
INLOBEFOIa—=v T k{Tolk, BEETRED
FREBEFODETIIRIIL T, 2 &b
Ll EFORERET fms \ERBETF Th 5 #ME3EMR
fSHFEHEFREGBETHEO—RTHD Z LARRENT
(M3), Tt EELEREETHERTII myc THLHE
Dbz (F1)., 5EHOAMFMERETIL3#E
FIRECHIRBEESR L L LB ERTORELTVWD D
CERHIL, YHAMBHRSRHKEORR LI ANGY
JADNA AT 7Y —2BEL, FOHEEE I/ n—=
JEaLlbicEERRELLE (H4), ZLTZAHD
B MRS TIOE TR ASCBE S & OFIRICEEL TV
HT EERLI,
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BET /b

K5 BEBRFHE~v AFHMEEMRELEERIIRITSY ) AREDEHE,
3 Gy BOBEEMMEBIZI V= ABMBBOERME (O) HHREL2ZT. 7/ A BERELHIBEGHRLETD
() ZOEFERD L IZBEZEET IR, BESTEEREEME (©) OEMRED. TOWTFRINH]
R EMFENE (@) Thh., F0O%IuE—ar - Ful by arBIU0F ARELZEREL, 20—30%0D

BTl - 2FERAMFRMERE (@) & LT D.

B L RBEREEZROTNE VARSI B L 2 A RIS ) LR EOAN, KBHEOEVWRFEELHTFLLT
SEET R LB TEE, ZOREBEOA VT —F—5F L LTARODIT BRI RETHA I,

ZOX oz, BEOMSIFEL A MFBMEIRICIE L ZRE
BEECHBERE M EERIESN, ELREFO—HIIFT
v—= VRS Lz LR, ThbESFA UV —
F—L LTHARER~V AEHERLKE VD in vivo
R &AW THRARIHEE D> DEELDBE % o 7T
BIrHODEPEPNODOHD I EEEBEHRLTNS,
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Chromosome instability associated with genetic
diseases and cancers is one of the current topics in
radiation biology. Many genes appear to be involved
in the chromosome instability and they act as cis-
or trans-acting predisposing factors in genetically
high-risk group of individuals. In the present study,
the following three researches were undertaken:1)
Molecular cytogenetics on chromosome instability in
temperature-sensitive mutants of Chinese hamster
cells, 2)Population cytogenetics and molecular
genetics on chromosomal fragile sites, and 3)Human
genome mapping of chromosomes 3 and 11.

Thirteen genetic complementation groups were
identified among temperature-sensitive mutants
defective in DNA synthesis and /or chromosome
stability at non-permissive temperature. By molecular
cloning of responsible human gene, a mutant
exhibiting high sister chromatid exchanges was found
to be defective in a gene function of RNA polymerase
I largest subunit. Chromosomal fragile sites
appeared to be hot-spots of chromosomal instability
and might act as predisposing factors in cancer
development. The fragile X syndrome, one of the most
common human genetic diseases, was characterised
by a unique genetic mechanism which involves
dynamic mutations due to a heritable unstable DNA
sequence, CCG repeats, located on a fragile site at
X(q27.3. High-resolution cytogenetic maps of human
chromosomes 3 and 11 were constructed by using
chromosome-specific cosmid clones and direct
R-banding fluorescence in situ hybridizaiton method.
These maps cover entire chromosomes with average
physical distance of 0.6 Mb and 08 Mb for

chromosomes 3 and 11, respectively. These maps will
provide many useful landmarks for positional cloning
of genes associated with cancer and genetic diseases
on these chromosomes. Further characterizations of
other temperature-sensitive mutants and fragile sites
are needed for understanding the chromosomal
instability and radiation-sensitivity of the human
genome.
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EMFREIL T LLLRETIRARL,. BRROEL DR
(BEH) 2V (REBEOEEHEREOER
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CHBIR7ELEZOND, AFEITEBEHE ) X 7B
OHMHEROMFELEEL LT, DNA REKER I VLA
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S ANLKRF—DEFEMBA» SBRSRELICET D
ts kR DEEL. R BD ts RD O LIEFAIRE Thhigkk
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Ba=m— s8I ERWT, HeLla# /L5475 —k
D ES DNA (1219%kb) 2598 L7, &bic, BEE
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tsTM13 O EERICRIT B EILL A%, EHREE
TEZELEMBEOZa—3A b2 MY —BIUDREHKD
BIEIZLVRE L, DEICBIT D LEEEEBORE 2.
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DNABRIOEZBA I LV FERENDI Z LBFIRALNT
Wb, ZTOEEXY, REERZEE ts KOBE D,
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F U OEMIICEE T A BET THLREENRD S,

SCE O st L DNA & L 3 BEELZBEFZE S Y. SCE
DHFEEEFELLTDNARY A5—F¥ @, FIILVEBER
Bk, RJ ADP U AR {LEExR. XRCCl. DNA Y
H—¥ I BEFIFESHTWS, SBEELT ts PSR

DEEFPEPERAOPCT DD, FIVVEBEME

FEEFOLEEK., BIUDNARY 25 —¥ e DERE
LOMEERRET oL A, ts ROZERBE L FITN
THOBEF L LER->TWe, i, ZEFF U FEHE(L
BERElBETOts bk OM@ERBRE» S, tsTM3 i
ElBFOEREMRTHLERZ EBbhofz, El1BRFD
RIBIE DNA BROBBB I OHMEEEEZINZ 2 Z LB
BRTWBZ &b, tsTM3 Tid DNA HE 0BT
IV GBRBERERERINDEELLND, DLEOKRX
D ts RO BERLZEHEOFHEIL. DNA B Sl
SHBEIICHLERFEMOBETORBIZLD LEESNS,

(2)SCE &# ts ¥ tsTM4 O REEHFHTH & MEEFOD
SR
PREERLTEELBEEOITET T 0101d, REE
HIZEET2BEETFERETDIZ L BSLEATHD., SCE
B ts O tsTM4 iz b4 ADNA &Y VBRI AL
AEREVEAL., 2HO—RKEEBHRMEEZ 107208
EThBEL., 611 ko—KEEG#EMIED DNA %
tsTM4 iZEA L. 10°OHET 2 RO KRG Hinifa
ZOBELT. ZhHOBEEREKENE b DNA 285005
PEe MERNREREITHD AlulFiz 7 rn—7L 1L
TP UBRICEIVRE L., FORE. —RFEEEET
i3 < Dt F DNA BEERBDITx LT, ZRBEEER
BTib$ror s DNARXED B R, &5z, 280
TR EEBKRICIE L Alu B2R 2 & 4 D EcoRI
LT DNA s a iz, ZoBEMS, A boe
F DNA Wi F. H5Wid# OB DNA i tsTM4 O K8
2T O MEBFOAEETD LHEESNS.,
ZHREEHREED EcoRI GIF DNA 2 HWT T 77—
FAT TV —RER LI, 205475V —%Y. 38kb
D Alu %2 &tet b DNA 2B L%, &5z, 3.8kb
EEND2=— I EFn—7¢L LT, HelLa? /
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T. 4D-1 L E#HT5 DNA BT (4D-4,4D-9,4D-11,4D-6)
EoBLE (K1), 260 DNA A - RIEEE
B THED 547 48O EcoRIDNA fr A ( 12.3kb,
5.5kb, 3.8kb, 45kb ) BFEELZ. 7/ LA DNAWHIZE
FETHa=— 02T a—T7Z, € bcDNA 475
U—X Y cDNA 278 LT, OBt/ /7 A DNA B
YU cDNA OEEREFZRELZEZ A, BoNzEE
FiX mRNA BEOMBERZETHS RNA R A5—F1
largest subunit (RPIILS) TH o7z, BIE. ZHLIsDE
fEFiL, QBEESRTZS ) A DNAIZED BTN,

1 t hRPILS BEF07EE
E#Z, HeLla 7/ 259475V —L v EELKE
t b7 ADNAWR 2mRT, BRI, 7/ A
DNA Qo=—JEFE e —7 L LTHBEELZE
; RPIILScDNA 279, EEREREOT VT 7
Ny MIFIRERDHMEZ%RT. R, EcoRl; B,
BamHI; P, Sph I; S, Sal I; Ex, exon.

Cloning of Human Rpli Genomic DNA Fragments

('!J 5' 1‘0 1'5 29 2‘5 SP 3[5 4[0 40.4 kbp
T 1 DT O]
RBB P RAMG S SRR S R A R B A R
4D-1
188 kb
e
5.5: kb 3.8 kb
4D-2
137 kb a7kp | 45kb
12.3 kb
4D-4 4p-11
18.6 kb 17.6 kb
4D-9 40-6
12.1 kb 15.8 kb
Ex18 Ex29 (0 o
315 kb
4C-11 Ex5 Ex25
3.5 kb H
ac-19  LExt Ex11 Ex26 Eilzs 4c-21

215 kb . 20 kb
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TuARY CTREB L LS, BEREAIT IR L.
MRS I MBI S G~ LT Lz, Zhboniic
LIV, tsTMI3 Db 9 1 2DBRERE TH DEEED
BEORBLERLE, Z0OE, cde2 ¥ -—FiEHEiT
BEIZETLTWL, ZOFRIE, tsTMI13 TidiEitk
cde2 ¥+ —FORELCHRFPEEHICERL TNEZ &
EESITDLELbIC, REFFERSHESPEE
cde2 FF—EORFELBEELTWEZ LE2RLTWS,
cde2 ¥ F—FORELLAFIEREREIN TR LY,
tsTM13 # 84 2B F D0 BEIL cdc2 O RIE/L D
PMbHETEETHA,

2—1. b MEKREHTMOBGHREEM L FOSF
EEEHFE

bt MEEA EORTHEHM(FS)iTe M/ ADBEHZLE
BEICEETEEYy b ARy bELTHEBEATWS,
AW TId. FS OBENTRLEN %5 F RGN
BEtT 5 L &bz a5 X EERE (fragile X syndrome)
CHEBICEET S X REaE EO FSitonThFilESE
BB 21T - T2,

1. FEBRME OIS

(D)FS ol —@B@EA. BEERBIOERTES
FEORMILY 7 BRE R EDORERSM T Ok L TRER
EARZERL, GRAVRRBIVOR AV FEEZHEWTES
DOEEN %P7 LTz (Takahashi et al, 1988 £8).,
(2)FS TORBAERLEEMDORE - FSHREEHEDY
USFEBRMAME RV TR BARRE LRGSR
(SCE) OHEX#RE LR (Tsujietal, 1991 £8). &
T, FTERBEHRECEMEKEANT, £ Y n—<
v 4 A (HLV16) Ok ALNA % FISH #:CTHRE

...69...



L7z (Hori et al, 1992 &),

Qs X EEHEO DNAZWH v — 7O :
Kremer 5 O#4%& L7z DNA S EEIN 2551 L T,

(CCGHInD LW & TR TENE 127hp & 451bp @
7 ADNA W ZHEIEEE T u—{L 451bp O
n—7"% pPCRfxl &én& Liz (3. Yamauchi et al,
1992 ), HEISBHEIERL Y/ 5 DNA L BEHOD
EH A+ OBHEETS )., £ MIKRELLET T4
v —Z2HANWTY /5 DNA ZHBIELTHL, EHICEOHE
BEY%Z 1EEDPCR THWEY 74 ~—03 AR
BELESSA~—2HVWTHEETS WS 2EEPCR
EERAVWAZLIZLY., b THRENIC PCR EW % iE
BT52 B8 TER, RNT, PCREMESTAI PN
gE—z7u— b L, TOEERFIZRELLEZ A,
BLNTEREEYIEEN R BHNOEHRICHETS LD
ThHDHT EREREINE,

pPCRixl &7 v —7¢L LTt ¥/ LDNA AT 5
U—X VT X S EETi 20kb 2 W N—FT5 20D A
Tyr—Uru—rE &, Wra—rEbITER X RE
ORI~ v FEND Z EBEN in situ ~A 7Y
A ¥—v 3 VIETHENPD DI,

WS X EREEERIVERAE BERVOEOX
FZEOFMMLY DDV Y L SHIRMIEGR L Y EE
DFHETH 7 -5 DNA 2 L. HIREESR (EcoRl, Eagl,
EcoRI-Eagl ) 4%, 7Hu— RS NVERIKEEICLY
DNA Wi & 4Bt Uiz, 2 P-E#% pPCRIx]1 2 DNA 2
A e—7LLTHFrrny FETHT X BRERIZ
T BHIBEEMAEOEELRE LT,

2., ERERLER

(1) FS DEBEMARREMEIC OV T DD FHIBLES R
¥

AANER (—EEAL1022 A, BEZFGO3 A, BX
UERTFEARE 35 AN) 231812 FS O£RREZ TV,
SHIOBEOEEBMFS EEEX 94 A (54 %) BmEL
7o BMHIENTEFSDIRLASIRBREBHER AV FEGA
v ROBESERICAE L TRY, BEEEGTVERERE
B ARSI DU LB ICEET D, 2. BEOH
BEICTFS REZEREZVVEMLI AN, FS EEER4LED
MEGEERBRTIMERELNTZ, SBEOERMFS
[fra (8)(qg241) fra (16)(pl2) B LUV fra (16)
(g22)) Z2oWTFS ORBALEHF (T RAZIL VU A),
~F R K 33258, RL=— ) & FSREZEHKDY
R (LCL) #HWTHRELEZHERE., LCL
PFS HBCE L TERBY VSR TOME L2 RFLTNWD
T EMERENT, £, BrdU H##E T TFS FRA0E
25 L3FEOFS LI FSHRRHEEDLANEDS
N, &b, fra(16)(q22) LHED fra (10)
(g25.2) IZ2W T FS Bk TR 54 RH
(SCE) OFERBMAPALIN., I EOERFEEMN
DNAHBBZ DRy hARy hThDBH I LERETDHHE
ERELNTZ, ZNBIESCE BV 7Y o L EOEEEN
(Thbb, G/REFEE) TELRTWVEWVD
Painter DEHEF N2 ZHFTIHERTH D,

Fh, b M= U4 VAR L FEREEED
[EEMEEE AV TED T 4 /LA DNA OYEE EOFA

WA A FISHETHEIT L L2 A, Nu—< 16 D&
fa+ DNA PBEHEFS, fra(8)(q24.1) & MYCE#E
fmF (8q24.12-q24.13) O:EfF (8q24.1) A I,
ZOMALTHI000 = ¥ —IZHEBEINTWDHZ LBHL A
tipolz, FS OFEET D 8q24 HIKIZMD T 4 V2B
FOFA/REBAITHH Y, FERITZ OEEIEE
GFOBALIEBEDKY NARY NTHBZ EERBLT
w3,

%< DFS BEETD G /R AV FERERIZ DNAE
BOFA IV T LI AOEEEICE L THAKED
ZHEETHD, b b 2B REELOBENEFS OoWTIE
FRA2A(2q11.2) & FRA2B(2q13) D BRI A ERI DT
v A 7 —JELRINOFEEPRES N TND, ZOEKIZE
EHEO 2 FRAEOBAEMICLEEL TV, &I, &
DEFIAHEREEZ OV AD 2 BREEFS b7 v A
BB SBEER, L2, 20 FS BSHEEHIZ
FoTHEREINS Iy RAEEAMNF (AML) OREHEE
BOFRy PAKRy NTHDZ ERHEINLTWD, Eik.
HMEBIC L - THEHRSND MEAREOEEA DL G-
N F/R- ANV FEHBEFICE T, ZOREALER
G/RAVNEBRTELTWDZ EBBRESHTNS,

SBITFS KDY /) LEVIZE Y, TOFEREE (R
REME) OEREESFLANTEITTD L & iz, s
BREEERIETAIVRPLETH S,

(255 X FEBHICEET 5 FRAXA #BREROSF4E
YyERy fRAT

s X EGEHI X REEEOEREZMEFS .
fra(X)(q27.3) L BHEIZBEE L TWSEEMEEA T, &RE
DRHEBIFED 5 b TH 7 MEGREIZ OV THEDOE WK
BTHD. &k, FRAXAHEBEODNAWIH A n—v
fest, EOWERITVPER>OHD. x b FRAXA
FHDO—M3 2 PCRETHIEL, Ze—fLTdT LT
BB Lic, (M32M. ERFEOEHEZR)

3 3 X $Hi (FRAXA) @ CCG HERFELE D

YRR
- -z
o + + s o
0 v v v o
w o o a W
I [ | l
| V,
; —
- - e I -
03 ; 5
a w F3r4 o a
Ll reeop 2l L
p(CCG)n 451 bp e
v R2R1
pPCRfx1
Eagi
Er..oRI | g o E(ioRl

-

el 32.8kb active X
1 LB § 5.2kb inactive X

(CCGn
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M4 X EEHAE (fra (x)), FHERME (&
OB Xt M-~ vAfld. S.c h) BIUEE

A (Control) H3E® DNA ¥ VEHAWESH
7 a oy MENHRESR

Scﬁ,:: k

M5 M XEEMFER (A B C) O DNA BIHR
Pstli{k® (a, b, c¢) ZAVWCERTFEREE
EcoRI + Eagl ZE#H (LY (d, e, f) RNV AT
WAL F — AT

4123 D pPCRIx1 &/ m—T7 L LTIT ol HF
N TV EA L= a VORERTH D, HEMEHT, 5
X fEEEEEE 6 A, EFA 10 ABLONES X etk ik
FLTWDE b X~y A4 2 R#E%RD DNA &
7V aiBREESE EcoRI & Pst]l TAB LIZHDTH D,
IEH ABE¥ED DNA Tid9 2T EcoRI 443 T 5.2kb, Pstl
Ju3 T 1kb @ DNA Wi asseHiah s, LAl 1655 X
JEMEREBE (FX311 3% TIE® A LB ) L Mg Tk

WIS ERS AR L THRE SN2 DNA BTRERE<
RoTWa, FX312 k0 fEE CER X Btk LI
BRX P EOTmERBEEIN TS, LOBEITTT
BUHBRETERX RAKOZBE SN TWD, Pstl L3
Y73 EcoRI E Y v 7L EREEOERZR L, #i
FRBEOEREZIVEMITRLIZ A — v R oTND,
IO liE, BEROREPE 3 1ZRT 1kb O Pstl i F
DEELL (CCONn DERILHDZ EERBRLTWS,
BRONRE —NIBERL>TRRZY, EEROERNL|
PRHEENDHREND D, ZOERNAL FHDWIEA A
7O REEMICRT S (CCGn REEFOAREE
HizEab0eELOND, bhvbh B/ ua— kL
pPCRIx1 ix. 73D X Y E G AIIT#EdT 5 DNA
= TIHET X EEEME S DRI TE oo B
FHizxt LT, BB EFRHE e —7 L LTRIATS
ZENRTED,

B 5 12ME5 X fEERFE R ORER 341z 2T DNA
B EIToTERERLTND,

FHRA (a,d) Tiklane 5 DBMEIHBER L IR L
Tz, RRDIIIFERERE O MIBEER 5 DNA %4
H L. Pstl{#{# (a) & EcoRIl + Eagl2 Bty

(d) 29 ¥ T ay MEFLTIT-7., Lane 1 ®&E
1359 1.6kb DT A 2SR H & 4 premutation DIREE L2
Wahiz, BHEBHSOBERERIIAON I -T2,
lane 3, 7, 8 ® 3 A& LIE® 72 1kb il 2 T 1.6kb @
Wi 3 & U, premutation OREE LTS,
BHEBEARELTWD lane 5 DEMTIZ, B O
premutation 28BEF LT full mutation ~DZEHEMR R
IV, CCCRERINZSLHB X EMITSEIEARK
& S OFIREERUIEET A OEBELIZAAT & LTHRIBE
T3, ZHEEBREBEAZHERT 2RSSO T
X kD CCG REBINEMB TS A 712 oTNE I L%
RET5H0THY,. CCC RERAMOET X Eilici
T A BENALEEEZMEILRTLOTH D,

Ei, ORI X EERZEE»SEE LS
BIEOHFBIEL, REPLBELEZSEIIZZOEEDTF
HIZBNVTIRBEELRENE VI EROBERT — ¥ 2 5F L
SNTEEFETBELOTHS, premutation ZHEE L T
5 lane 1 DEMENS 3 ADEMEA~ET X BeaENEEL
TW3BAR, WTFHOBREIZBWT S premutation & LT
BaLTRY., full mutation ~OZEHITFT > TV,
D3 NDEMEEEORREILEE Th o1,

FZ#%B (b, e) I premutation D&HMREEZE (lane
1) s X REENEEENTTES. 3 AT

(lane 2, 6, 7) T+ T full mutation ~DEHEHR L&
NI TH B, Fiz. C (¢, ) I ERZ2IELT
WHBMEE (lanel, KZEB D lane 7 L @—A) NEE
72t (lane 2) ERBLCHFHE LS T REERA
FlThd, ZOBMEEREPLIZEEITYA XA LIZE
RS AT, T B EEN RE i i a2 -
Fooany FOBRTHD., LL, BIREZ LIZZOD
BUHBENOHT X i BELE 3 AD&E (lane
3,6, 10) »5i premutation L2 &Nz, &
OFRERITTZ L 2 BB A RBEL TCHEBEEPLTH-C
b Bl LBE LSS FOEBEOF Iz TR
BELRWEWIBEEEL T LNV TEENITTD



DOTHD, THIIHTE X EREEBMEEE OEMHR & 4T
R L TGS X ERCRB T 2HHNEROBENKEL
Bpo TWAAEEEZTRBTDILDTHD, . full
mutation b o BEMHBAE N LELEEREE YT
vy NETHEWTLTBEREZEOR FMHMIE T
premutation V-V OER LPBRHEINZNT L BRE
ahiz,

CCG REE M #&Ts FRAXA @0 5’ Eikizid CpG
EOHEENSMOIL TR Y, full mutationf @O ER %
b oo T ffEs X el Tid 2 0 CpG BIZEFE R A FVNE
LAZERHEENTVS, IE5D0TFEd, e, {1 XCpG 5
O Eagl #IicEF B L CAFNALDNE — U EFTHTER
Thbd, M3RLUEHIBESE Eagl S8EEIMTEAIS A 5
MEEZIT TN B84, Eagl 2% OEEC S 2T
72< 7%, DNA % Eagl & EcoRI T{#i{k32 &, Eagl
AL B A F AL 2 Z 0 TVt iuE 5.2kb @ EcoRI B A
eI E ., 2 DNA v —7 (pPCRfxl) TR
ENB A OESIZ28kb &b, AFNERITT
WABREITE5.2kb @ EcoRI Wi A 3tiahd., E¥R
BHEO X REMERIETAF IS TN RO T 28kb DT
FETHRBEEND (M5d,eDlane2). RRENEE
72 premutation @ FBHEIZBVNTIEH 3kb OB R 721 3%
HEh, BHXEERAFIMMEEZOBNRTNEZ RS
225, full mutation 2o BEEREE (X5 d ® lane
5 M3 edlane5,6, 7,53 f ®lane 8,9) Tix. Wi
DBPELFZEERAFMEDNRZ—~BRBRHEATVWD, L
L., THREEEDRATFNMMEONRE — 38T, EEX
LEELREE X BEEALAFMMEEI T TNE LD LN
BRNLDOBRAVR L oTeVbwdEFA 7 OREL LTk
HEn3,

PLEDREIZRES X EEHORER Xq273 IXHFETS
FRAXA 0 CCGC RERFIOEIEIC LD Lz <R
BLTW2, ZOBEEEREZEZORERN X ko
BETEALRICLDHESHEREEERLEZ DA TY
e, BEENICENEFET DAL EEERAPRFR
HNTEZEINLTWS, F0 12138 30 %0 EREEE I
EHEBEBORENLOND Z &, KIZES X kit z
THENZ & Bt D BHED 5 B 20 % B EHER 2 FEY
T, RPITEEETHAH, BH X BREEZTREE
455 normal transmitting male DHFEETH 5,
FLT, IORBTEHHEREZRD ZLFRATOEERK
BEMT 2 VWhY 5 REREE (anticipation ) DHEZRH
BB L THD, ZNHOESIE FRAXA #EIkIZHEF
T3 CCGC XERINDOERZLHERMN L premutation
~MDZEE L premutation 25 full mutation ~DEHE &
25D 2 BEDENZEARE R (dynamic mutation )
o THBATDIIEBFREE o, RRO=ZEERIE
FF D BE R HEIRIC X DB ERERPHREE VA ba
74—, EREHEMERE, N Fr b FENMEE
P2 EOBRBHERBECBVWTHREENTETEY, &
N7 ARIZIRRBEOEREICEATRLBENSEEETD
Lo LBbivd, BINEARERORBEHBORIITLRANR
REEMWELT ) LDFAFTIALEDFLVTHETS
ASZCHLEERBETHD,

2—I. FISH# IRXB e N /b=y )

7 hawy” (FIEEGEHHKE X CEBEAESEE,
ARETIRAELZET) OERIIEGRROBEEOMT
WEIZRSZEDTERNFETH Y, BT OHEBEECY
BAE DO L #EEL S ) 72 DNA BFIORITICSHAD b D
ThHb, by FFTVRBIZBITD Y ) AMEN TIL. B
HHERERHDNA~—F— (223 Fru—1r%) OEY
~ v ZHEEERS IMb VL O ER E OB G EHhRE
KREERAT v b, ZOMRERICIY., FKRE
EFOBEBED 729 O RFLP 412 X 3 & mHE 8 R /ER
BEBICRD, EBRRINBEDy IF—FZ, axIF
R YAC 7 v— %X 5 contig =y 7EEDZDHDE
W v Re—7 i3, £, HEShEBEFIZOWVWT
W, ek bicey 792210 E 5T ¥ AP TOR
—RHRIZETIEETHOBENCEE L B THS
DOFARIMEID Z EBFREL 2V, & ADOEE L HE
RIEETHETEETH D, AFETIE. FaMWMEICH
F LN in situ " T Y XA ¥~ 3 vk (direct R-
banding FISH ¢ M%) Itk Y LaEERAGaRI FY
u—rERNZE F3BRIV 1 BREEOEREEME
BEFHOMME2ER L, &bk, BEEcHEESh
TBETEED TN OPOBET ROV TEOLRAML E
DEM ZRE LT,

1. EBMP LRSI
e F3BRUV 1l BRAKKENIZAI NI u— D5
Bt

t F3FDHDIWVIZ 1 BREEDOLERE > b4 vl
B L VI AI FSA TS5 U —%2ERLE, B b
L ERDO DNA #8022 FEZPIZL Y ILE

AR EREDNA R u—T kL Tan=—nAT Y&

P—a VERIVEBRLE,
(2) Direct R-banding FISH

ERERE Y URERERAWT, BEICLVERESHBLE
%, MIAEASH SHOFRIZF IV, BERTuwEFTS
oYUy BrdU) THOE L TEREZERLE, F0%,
~F A b 33258 THEAL, KEF L THDIWVRT TV
A M+ERy PP — M (EIBREB) 12X Y, BrdU EY
ABENLEBE LT, ZOERERETD ERPRICERL
TESPRASH, Whd3E R SRLEEESBEIND,
IOBARERAVWAILIRLY, ERER~y VT HREET
HBEPY TR, T MEEIZONT, —HBAHIAAT
BT (R- %N K@ GCrich, Alu-rich . HE7EEEE
TR, AEERNOEETFE. R WAL R Alurich,
Llrich . MERROEBETHE) KRR E 2o, (BolE
BERLTWAET- N FER- AV FO—FETHY, EE
1z GC, Alurich HIETH 5),

FISHiZ2>2W<Tit., 7 uv—7 DNA % v 4 F
v 16dUTP C=v 7 b AL—a itk s~ L,
TH ) —)ViLE, BENET o, PEEIETREEL T
1AREIZLEE, 7u—T7DNA NS TV FALXEH,
BB > TR Uiz, REEF OMEliciie 4 DNA
HBWiEE b Cot-l1 DNA ZHWe, v 7L DHEig
ZOWTIEYFHESF UHME -FITC H# il v ¥ 1gG iz
E0iToTe.
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2. RRLEE
(1) FISH #0o% g

FIED#Y in situ A T Y XA ¥— = (FISH)
EiX, PEROBHBMREEST A Y b—7E# in situ »
ATV FAR—V a EOHAERM U FET, EREH
TEREORENBEONDIFAR DD, ZOHEZ 7
nu—7 DNA 24 F o TEH#HL. RNt 7TV 44
AEE, ©F&FrEFTEOEFENWT Y v -FITC

(fluorescein isothiocyanate ) T LT, TE YV i
EELEFITC 25 2B EDORNFEETHRBIE T, X
DARy & LTENRBERE CHRETSHFETHS, L
L. ZOFECLHBRTRENSOPLOER. 1) BE
O UI ECOERBN~y Y 2) A — M A
A 5kb LT OB —=2 =@ EFOBRH, 3) 7/ Iy
77 a— I EENDRERSIOBRE. BFERESATWE,
Az E Y, 1) BRETPHR- N N AW EED
< v 7 (direct R-banding FISH). 2) Z“&k#dz
Anizy 7 t8ig (amplification ). 3) t b2 DNA
B Wix Cot-1DNA 12 X 52 (suppression) X -
TRRT B LR TER,

B6 t b3F/YMEMAE (366 27r—2, a) KOE F11
Bl (186 7uva—>, b) PaAIFIESD
BeEAMR, N—idrrn—rDvy FENEREY
R, WENEZEME (RFLP BX O VNTR) @7
=&Y,

g
e

1884

30, 229, 250°. 256, 260° 277,281, 2827, 312*, 31 T°
1,345°, 3777, 383,0 389,391, 396° 422°, 451° 45T

- 247" 262,267
ot grane ,.m,lm.u X
284, 2880 397° A;m wu’!‘_"”’""-"" .
319°, 501 h;; , 362,437 Im'.m I,,, -
[ Fayand 1 fesraman
11432, 986 Jureezs7 amoans B350 300 368
AGLAT 416,453 454
433 A71" 485

. genaTant ST fane
375,420,481, 410

3,187 3%, 245¢,268° 3200 fi° 01,26, 43¢
I 330,407,417 £276,406,460 B 47 [ o B29"
480 4650, 500

..73_.

Qv MraEERNoAI Fr7a— it b3 &KL
T AR O MR G FA R

IR R u—EERNTWDRERS 2 RET ST
iz, © hE&DNA 5 Wik Cot-1 ® DNA Iz X 2 il
FISH#E%2 AW, YA oBBRE N A iy
u— VBRI STWER, 7 vy OV T FANER
5 BB INREEBIZONWTEDBELM ZERE LT,
3ERBMKIZONWTIZI6 7 n—rv i~y T LTz (K6
a), 3FBYEALOYIEL DNA i 214Mb &H#FE &SN T
NWAHDOT, ZORBEMKOTE <y FERIZ 0.6Mb

(214/366) &725. 11 BHRAKIZOWTIZ 168 7 v —
vEwy XLk (M6 b)., 11 BREEDOYEY DNA E
12 130Mb TH 526, £OEH~ v 7T 0.8Mb

(130/168) TH 5.

BUERIZTRIT B 7 v — L OREEIT AT
ETH0, R-BEAVNREPTIHERRL LN, &
Nidorn=—%BRT25Kce F2DNA Z2HNTEY,
Alu 25 A7 DNA Z22RMIZER L TR D TH Y,
R- S RERMERM EOBMOMBETIEEVWEEZEND

() ZOTy P TERR BRBEARL FTO~ Y 7HRIT
TRV, ZOFEETO~y FE2BIOFR WlzE. L1ES
Tarn=—%BRT 5. REFEBTIETETEOEE
sa— AT BPHIVIL—F g LA REEY —F ¢
VITTATTY —EERTE) TITOLERDD, i,
3Mb VSATOF—FY 7 (BEFIEREE) 1L T
BHoTeh, FRLUTOIREEED & DI OWTIEARFETH Y .,
FAIREE 2 RV e %6 FISH iz X AT
& fragile site® 7 Fv—2 L LTOBITIBLETH
5,)

b b 3EBEYEMLER (pld-p2] HIER) T3S A, B
BAZEDEZ L DB AMTEEFOEES MO TWS,
FEiz, pld2 ITITREAEEIHHMAHREIN, S0
3 B/HAMITITEE < OBRAKFRMEAEFEREIICEHES
N5 A (cancer-breakpoint ) BNELFHI N TWB,
b 11 BEAMEICOWTHEL, ataxia telangiectasia D
RiEEFH q23. 1 Eficwy 7ENTRY, SLIZFELAD
B R B O FHEEF° cancer-breakpoint 23§45 &
NTNWD, ZHbDEEFOBEBHTITZ OB EMEE
PRI EERZER 2. EHIYACR2AI FZ
k% contig= v FEEDTDDOERT v Nv— 27 424t
T3,

((F) R- By FEBTRAS TV LA E -V 3
BITONRNE VWS FEENRELOND ., ROEHFERE
PHEFIEEFaNAR V1) £ 42 DNA & R- o8
IZ FISH 217026, B bn AT LY REEO~
TayneF UEEERVT R B kg R
ATVEALRXTE, 2) b A7 u—73Er bn
ATHEE (BHERT AT-rich) oA TV A XT3,

3) FIV & BrdU OLEEZHEICITS & R- BHAUF

G- RBEARN P ERDER (BHG 2% BPELNRD
B, ZOERIZe bas -4 THRERF (COL2A1L,
GC-rich, R- AL Fiz=y 7E8NRTND) 2L 7Y
HAXLTZBE, FOV T FLOBESEEImAER /T
DET Ly b TR BEERETLEN, £FE0%
HSEEIZ 0 % ThHY., R-DBREREAVWZHEELRL
Tholt, ZNOLEDZ LD, R-WYEA RTIRELHE



HEBEERETT LW aEEIBREINE OO0, XD
PN RRNA TV EAXT D, CNHDOMELE
BBzt G- DPEEREZAVT, Alu BX UL &R
ra—rER &G HYEEE EIZBERANA T ) FARX
L. BT 20EXDD,)

QEEF~y s

DNA EEEEF. BABEBTFH D5V iZ DNA BEICH

BT OEEFEPLICEDE MGG E ORI & R
ElLlz, TOREHF L LT, BEHENTHE S
DNA &% ERCC5 #iz+% 13932.3-q33.1 i1z, & ¥ F
VY= U VBEREBERBET CTPS % 1p34.1-p34.3 i
< v Ui, EioMEE L ORFEIHEIZ LY F I OAEBRE
EEEEMETF (TS) % 18pll321iz., % L THEFHERAr
v—F—%HHALT. MYCH#EEFE (8q24.12-q24.13)
lewy 7Lz, TOMDO—BOHFEMLL, FFFAIZX
cDNA Tit 11kb. #/ 3 v 2 DNA Ti&, 21kb T
OBLEFBF TR RULAN Ty PREEL T, &
NoOBETOREEBMIZTTRXTR- B R ThoTz,
I T, TSRO R- BN P EEREERE
FHREELTWD EEDLRTRY., ZALDEETFITIEE

te

3

BELEECFTHII L IOMALFELR,

. FEE

AHFETIE, BEME ) A 7HOREROHEEL BEL

LT, (1) EAREEHEREREKO FHIRERS
BFgE, (I) b NEAERHHRMEOBEHRLEEM LT
OHhFREFHFES LV () FISHEIZXZE M
JATy VS EERL, REEREENEEL MEET
OHFEET Tz, B (1) KRBWTik, BERZHLER
(ts) HROBMBEBEEOEITICE > T, REEREE
I E5TABEFOELIT. MBESHEHRD S BT
BT D ERTFTHDZ t¥bh oz, SCE &% ts k%48
#WiToe MNEETEABELILEZ A, FOBETFIZ. BB
RNA RY 2 F—+F1 largest subunit BEFTH-7z,
Fio, LAEASERIE ts ROBT» 6., R aiiice
ARV HL 5 —EThHB cdc2 OREMEAL A ST 55
BaBlk, B (I) 2RWTiE, b b RaEETTEHmN
P EREELDORy ARy T, BERAICSEEL
TWBHERZ BN, £, EH X EEMCEESTS
X e EOEHEMA (FRAXA) 8 FEEFHENT

Iz

Lo T, TORKREROFRED FRAXA SHIRICHFET

5 CCG D=HERERFOBIBIC X 2BHERERCD
BZEVHLNER ST, B (D) kBT, AT
BEF. WA, RaAFESEIN A D D VITEmEE
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1) An attempt to produce a set of mouse
recombinant inbred strains between C3H/He and
MOM

Fifty three pairs (lines) of FzX Fz mice based on
a cross between a C3H / He female and a MOM male

were set up in 1988. All of the lines consisted of

brother X sister mated 2nd to 14th filial generations.
Of the 53 lines, 52 have died out due to infertility

as of 1993. Two causative factors responsible for this
onset of infertility are suggested. It is very difficult
to obtain inbred strains derived from a cross between
two mice of subspecies.
2) Production of mouse aggregation chimera

B10.Thyl.l and BALB/c strain mice are
predisposed to the radiation induced thymic
lymphoma, but this is not true for STS / A and C3H /
He strains of mice. These mice express differing cell
surface markers. Aggregation chimera, B10.Thyl.l —
STS/A and BALB/c¢ -— C3H/He, were created
with the purpose of producing suitable model animals
for studying the mechanism of lymphomagenesis.
These B10.Thy.1 — STS / A and BALB/c— C3H/He
chimeras consisted of 26 and 97 weanlings
respectively. They should be useful in investigating
the origin and dynamics of lymphoma cells.
3) Technological improvements in  embryo
cryopreservation and the elimination of pathogenic
micro-organisms of mice

Based on results obtained from examinations of
optimum conditions for freezing, thawing and
transplanting embryos, the storage of 8 inbred strains
was completed with the use of cryopreservation
methods. In addition, we developed a novel method

for producing germ-free offspring from embryos taken
from conventional mothers.
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BPEIRILIE = 7 2 L RERICIE (B REEINESR) 28 - &
BTLHZ L2 X 0 BHEITAEERE & B ARBEIPE D EER D
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£ 1. BRVIVFE Lot~ 0 A DORFEHIPEIPERE AR

B 89 M (HxS.ED)

ENSH BhinE

IE # 5 B2 OE OB
AKR-Ald 3 29.6+11.4 0.3+0. 4
BALB/c 10 11.8% 5.2 4.4+5.9
B10 4 16.5% 6.6 1.2+1.0
B10. BR 2 24.0 0
B10.D2 5 18.4% 9.8 2.4+3.0
BC3F, 10 31.9% 5.8 5.5%4.5
BDF, 5 53.0% T.1 5.2%4.7
C3H/He 10 18.8+ 7.3 3.5+3.2
C57BL/6J 10 17.2+ 9.4 2.2+1.7
C5TBL/6T-W ¥ /4 3 4.6+ 7.3 7.6+2.0
CBA/T6 4 35.7+ 6.1 3.5+1.1
CBA/JT 2 28.0 3.0£2.0
ICR ' 10 23.3% 9.8 0.2:0.4
RFU/Ms 3 53.2+10.7 3.0+5.0
WB 4 38.7+11.9 2.5+2.0

1) =7 R399 ~10E 8D BErEEE O 48 A (Production colony)Hisk
2) BTSN (3 #EITPUSC-hCCE 51U 5. #5816~ 1TH I BESRBAUSE

K2, EXRFBTARBITBEPEINVER DOZEBER X
UE D [EN AR

* # Likz4 RER E¥RE  RE i 1E4 DO
(%) (a~16%mEEHA) W - B S EIRC
810.A/Sn 32 18(56.1) 222 79 12.3
B10.LP/Sn 35 15(42.9) 212 130 14.1
B10-Thy-1.1 92 56(60.9) 233 491 4.2
810.BR-Thy-1.1 35 13(37.1) 219 - 16.8
B10. 129(5M)/Sn 156 79(50.6) 191 1020 2.4
CBA/J 106 37(34.9) 137 236 3.8
C57L/Ms 104 21(20.2) 193 215 9.2
C3H/HeMs 27 24(88.9) 259 - 10.8
C578L/6J 28 17(60.7) 225 - 13.2
GAM/Nga - 9~ ) 132 - 14.7
HTI 56 25(44.6) 251 101 10.0
HTH 7 4(57.1) 4 18 1.0
STS/A 54 30(55.6) 383 - 12.8

U HEIPNSE-CERA 5 ik, EIFROME &R, MRETER

¢ EieREER(Day 1) | Day 3 JCHMEOTE. IIE L 0 EMIL A ERLTEER T 54~ 16MFalE
P EEMBRUR (1~ 3 AT « SRR BT - BRSED

- No data
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BOXEE, BOERRELE 2R LK,
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ZRNPLREDENE L Eh ol (B10129) 72D ThH
5. BHEIRALIE I X D REIERAME 5 R OVWT, H
REEIP X BB EDORDORINEEZRI2 L 2 A, EHEIPL
HOBELELWELZEDDI LIXTE b olz,
BAVE, SUEEX A T2y AMEHOR® B10. Thyl'
L STS O EFERTHFETh T, EFEHAE T BI0.
Thyl' DR ENRBSEREIC RN EBE SN E R 2Tl
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WERBEEL., ATy 70, BEED EZRLUTEEER
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R LB e ¥ A VANV AEEREL, 57
BEIPMSG & hCG #5565 8% 2 BB Tip. &5
L. FROHEL 1HFEL. ERPERINZEE» LR
E3HHINE-FEERCIVEEZER L., EERE%E
26 — 28 BEHMASMER LTz, E0O%. TORERBHELR
HRRESEBITIR3IAED LY Ty FOFEITHEER
EBHE L. EFZER I0BRERETERLE

BEYKRE © FH—I3BEIEZ. vy b D
BT A% 10 BRI, F L& CF 8L U ELISA i
v mEREMmERE L.

FEEHE | BIEANE A — b a T, BIRBIIERLE DS
FEET, BEHEZOLV Y MNIEEFAOREEY
BEEN (SPFREAERINLTNS) THE LK.
% 3. Development of embryos collected from Sendai

virus (SV)-infected mice after transfer to
pseudopregnant recipients

No. of live young No. of

young  No. of SV positive/No.
b caesarean- weaned of young tested****
(%8)" derived*”  (%:d)

No. of No. of pregnant
Exp. no. embryos recipients/No. of Total
transferred  recipients

I 5 /1 § (100 5 0 5 (3:2)"** 0/4
i 71 7/8 42 (59.2) 40 2 42 (24:18) 0/42,

Total % 8/9 47 (61.8) 45 2 47 (27:20) 0/46

© Based on a total number of embryos transferred into the recipients, . The recipients were
perfcrmed caesarotomy on day 20. The young were fostered by mother of the same group. b
One mouse died after weaning : Sera from young were tested for the presence of anti- SV

antibody by CF test or ELISA at 10th v.eeks of age.

% 4. Number of embryos collected from Sendai
virus-infected mice and development of embryos
after culture for 26-28 hr

Exp.no.  No.of No. of animals  No. of animals ~ No. of animals No. of No. of embryes
animals survived after  treated with having embryo(s)*  morphologically  developed to
inoculated  infection PMSG-hCG normal embryos  morula or blastocyst®**
(%) (%) collected"* (%)

1 10 5* (50.0) 5* 5 (100) 32 28 (87.5)
I 31 29° (93.5) 16° 12(75.00 254 231 (90.9)

Total 41 34 (82.9 21 17 (81.0) 286 259 (90.6)

a ! At 3 weeks after inoculation b At 7 weeks after inoculation * I Animals with vaginal
plug after mating ** 1 8-16 cell stages on day 3 (discovery of vaginal plug is taken as day 1)
*** ! Morphologically normal embryos after culture for 26-28 hr in vitro
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Deposition and Metabolism of Transuranic Radionuclides in the

Respiratory Tract

Sentaro Takahashi, Yoshihisa Kubota, Hiroshi Sato, Yuuji Yamada, Youichi Oghiso, and Jiro Inaba

Division of Radiotoxicology

Alveolar macrophages play important roles on the
retention and metabolism of inhaled radioactive
particles deposited in the lung. In the present study,
a new method was developed in order to evaluate the
solubility of radioactive particles having phagocytosed
by alveolar macrophages. By wusing this newly
developed method, radiosensitivity of alveolar
macrophages was investigated to estimate the effect
of radiation emitted by radioactive particles on the
functions of alveolar macrophages. This method was
demonstrated to be a simple but useful method for
the evaluation of the solubility of various particles
in alveolar macrophages, compensating the
disadvantages of the previous particle solubility tests
performed in vivo and in vitro. The experiments on
the radiosensitivity of alveolar macrophages showed
that the alveolar macrophages of C3H mice were much
more radiosensitive than those of the several other
strains of mice and rats, with respect to the induction
of apoptosis (a mode of interphase cell death). This
suggests that the radiosensitivity of alveolar
macrophages varies among animal species and /or
strains, and that it is necessary to consider the species
and strain differences in the radiosensitivity of
alveolar macrophages for estimating the retention and
metabolism of inhaled radioactive particles.
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Table 1 Rlease of #*°Pu or **Fe from alveolar
macrophages having ingested #*° Pu- or * Fe-iron
hydroxide colloids.

Time after loading (h)
Radionuclides

24 72 168
239Py 0.6+0.4% 1.240.3 2.5+0.8

(100)**  (210) (434)
59Fe 7.8+5.3 54421 3.942.8

(100) ( 69) ( 50)

* Values are mean=+s.d. of triplicated assays in at
least two experiments. and expressed as percent-
age of the initial activity in macrophages at the
start of in vitro culture. ,

** Values in parentheses are percentages of the
release rates to those at 24 h after loading of the
colloids.
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K1 The rate of * Fe release from AM which were
loaded with °°Fe-iron hydroxide colloid. Cell
culture was carried out for 872 hrs after
rirradiation at 37°C. Values are expressed as
percentages of initial activity of ** Fe in AM, and
the vertical bar in each column shows the
standard deviation.

20
] +S0
+DTPA
control

2 &
3 _s

Rate of *Fe release

13
T

RN

24 hours 72 hours

M2 The rate of **Fe release, expressed as
percentages of initial activity of ** Fe in AM, in
AM cultured with 10 mM Ca-DTPA for 24 and
72 hrs after irradiation. The total length of each
column denotes the *° Fe release in AM cultured
with Ca-DTPA and that of the blank column
shows the release in control AM which were
incubated in normal medium without Ca-DTPA.
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% 2 Effect of rirradiation on *® Fe release from AMs
that had ingested * Fe-iron hydroxide colloid*?

Time after Radiation dosc (Gy)
irradiati
Animal (hr) 0 12.5 25 50 100
Mice 24 2.2=0.17% 2.9+0.3 4.3x0.6 16.823.9 23449
72 3.1=02 3.4£0.2 6.6:x0.4 22.0x2.4 32,952
Rats 24 2.8=0.5 - 2.3x0.5 2.820.8 2.520.35 2.9%0.6
2 3.2=0.3 34203 3.320.6 2.9=0.6 3.8x0.3
#1) The rate of *Fe rclease is expressed as the percentage of the initial *Fe activity in AMs at the start

of culture.
*2) Values arc mecans =s.d. of 6 to 9 culturc dishes from 3 experiments.

3 Effect of rirradiation on AM survival rate of
C3H mice and Wistar rats*?

Time after Radiation dosc (Gy)
irradiation
Animal (hr) 12,5 25 50 100
Mice 24 76.2x15.8*% 60.9217.2 23.5=12.1 5.9z 6.0
. 72 55.0£10.9 37.1x18.4 11.2=13.0 1.6x 1.5
Rats 24 101.1= 9.4 98.6%18.9 93.9x21.1 92.9x10.5
72 78.6% 9.5 73.2212.2 71.5x14.8 73.3210.6
*1) The survival rate is defined as the ratio (%) of the optical density of crystal violet in the irradiated group

to that in the non-irradiated controls.
#2) Values are means =s.d. of 6 t0 9 culture dishes from 3 experiments.
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B3 The effect of ¥— irradiation on the viability of
mouse and rat alveolar macrophages
determined by vital staining with crystal violet.
Vertical bars indicate standard deviation of the
means. There was no significant difference
among rat alveolar macrophages of 4 strains
at each dose-point.

%4 The viability of mouse and rat AM 24hrs after
irradiation

Strain/ Dose
Species (Gy)

Percentage of initial cell number®

Adherent fraction®

Wistar 0 89.3:£4.79(98.7:0.8) 9.741.4 (85.9+3.3)  95.9+4.5
rat 50 86.6£5.7 (96.145.7)  8.6:1.5 (80.2£4.8)  90.1+4.8
100 80.3+7.6 (95.245.5) 12.9%2.5(81.9+6.6)  87.2%+5.7

sb 0 45.5+4.8 (97.145.3)  50.6k5.1 (93.4%£5.8)  91.340.9
rat 50 46.5:£6.3 (95.2+1.1) 48.742.9 (89.6+3.8)  87.8+5.5
100 50.3:6.7 (34.7+1.5) 41.5+3.7 (95.641.2)  87.4%5.6

Fisher 0 66.5+6.7 (95.1£4.3) 31.9:£3.2 (92.4%1.5)  92.9%4.6
rat 50 65 3+9.3 (98.4£5.7) 28.6£3.7 (89.7£7.2)  90.5+5.9
100 56.2+5.8 (96.2£6.8) 35.4+6.8 (91.25.4)  86.4%5.7

Lewis 0 59 5+4.1 (97.9:6.1)  38.5+4.7 (87.9£7.2)  92.1+4.5
rat B0 65.5+8.3 (98.6+8.8) 33.2+7.2 (88.3%6.7)  93.4%8.5
100 53 9%6.1 (97.617.4) 42.947.9 (86.4%8.9)  88.7+8.1

B6 0 74 6+9.4 (97.746.3) 24.2:4+5.2 (64.2%£7.9)  89.0+9.7
mouse 50 77.148.9 (86.243.4) 21.9%8.5 (55.8%6.6)  79.1+9.0
100 GG 2E7.5 (88.7£7.6)  18.4+3.6 (51.3%5.1)  68.2%8.1

C3H 0 97.748.3 (98.3%2.6)  2.9£0.4 (77.6+3.9)  99.4%5.5
mouse 50 48 0£5.2 (44.4£4.5)  26.7+6.2 (14.1%£2.1)  25.1%3.6
100 24.642.0 (13.1%3.1)  30.9%3.8 ( 5.2+3.0) 4.7£0.7

Balb 0 89.1£5.2 (98.3:+4.1)  8.9k1.1 (75.0+4.3)  93.5%5.3
mouse 50 85.045.4 (89.5£5.0) 12.3+2.1 (57.3%4.0)  83.0+5.2
100 82.2+3.5 (84.4%4.4) 12.0%1.5 (50.8%1.9)  75.6+3.1

* Initial cell number was that of AM adherent to dishes after 2hr of
culture and was taken as 100%.

® Adherent fraction: AM still adherent to dishes after washxng with PBS after
24hr in culture. The cell number in the adherent fraction was expressed as
a percentage of the initial cell number.

© Nonadherent fraction: AM washed out with PBS after 24hr in culture and
the cell number in the nonadherent fraction was expressed as a percentage
of the initial cell number.

“ The values are means of percent cell numbers and the standard deviations
of the means in three separate experiments.

© The values in parentheses are the percent cell viabilities determined
by trypan blue exclusion.

* Total cell viability expressed as a percentage of the initial cell number,
" was calculated from the percent cell number and the percent cell v1ab111ty
of both adherent and nonadherent fractions.
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B4 Light microscopic photographs of C3H mouse
alveolar macrophages 6hr after rirradiation. A,
non-irradiated; B, 50Gy irradiated.

5 DNA fragmentation of irradiated C3H mouse
alveolar macro phages (AM). Lane 1, molecular
size markers, Hind II and Eco RI digests of
lambda phage DNA; lane 2, non-irradiated C3H
mouse AM; lane 3, 50Gy irradiated C3H mouse
AM; lane 4, non-irradiated C57Black mouse AM;
lane 5, 50Gy irradiated C57Black mouse AM;
lane 8, C3H mouse AM treated with 0.33mM
ZnS04 immediately after irradiation with 50Gy.
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6 The effect of X-irradiation on the colony
forming ability of alveolar macrophages from
3 strains of mice. Vertical bars indicate the
standard deviations of the means.
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Studies on Lung Deposition Model of Radioactive Aerosols

Yuji Yamada, Yoshihisa Kubota, Sentaro Takahashi, Satoshi Fukuda, Haruzo lida,
Akira Koizumi, Katsuhiro Miyamoto and Jiro Inaba

Division of Radiotoxicology

In this study, we tried to develop a system for
plutonium aerosol exposure and to clear aerosol
deposition mechanism in a respiratory tract.

Our exposure system was specially designed for
inhalation study of plutonium oxide, #*°PuQO:z, and
two systems were developed for small rodents and
dogs, respectively. Twenty rats or mice are exposed
simultaneously in a nose-only exposure chamber, and
for dog exposure a rubber death mask is used.
Plutonium oxide aerosols were obtained by nebulizing
of plutonium hydrate solution and calcinating the
droplets in a high temperature furnace. Particle size
of the generated aerosols was proportional to a cubic
root of the plutonium concentration of the nebulizing
solution. When the concentration was in the order
of 10° Bq /ert, AMAD(Activity Median Aerodynamic
Diameter)was 0.4-05 ym and ocg was approximately
2.0.

The activity size distribution was almost the same
as the mass size distribution. It means that the
specific activity of the plutonium aerosols is
independent of the particle size. The ratio of
americium to plutonium in aerosol particle, *** Am /
239 Py, was also found to be independent the particle
size from the radiation analysis. And from electron
microscopy the aerosols were observed to be spherical
and non-coagulated particles.

Total depositions in human nasal and
tracheobronchial casts were measured for ultrafine
monodisperse aerosols below 0.2 ym in diameter. At
20 8/min of constant flow, inspiratory nasal
deposition efficiency reached approximately 40 % for
0.0054m, The efficiency increased with decreasing
particle size and respiratory flow rate. Expiratory
deposition was slightly higher than for inspiratory
deposition. Inspiratory and expiratory deposition

efficiencies were expressed as functions of the particle
diffusion coefficient and respiratory flow rate derived
from the turbulent diffusion theory for simple straight
tube. Tracheobronchial deposition also increased with
decreasing particle size and respiratory flow rate.

Deposition efficiencies under cyclic flow were
found to be almost the same as those under constant
flow having equivalent mean flow rate. It was also
observed that varying the tidal volume, but keeping
the minute volume constant (i.e, having the same
mean flow rate), has little effect on deposition of
ultrafine aerosols.
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Photo.l Beagle dog exposed to plutonium aerosols.
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Fig.l Schematic diagram of a radioactive aerosol
exposure system for dogs.
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Fig.2 Activity and mass size distributions of
plutonium aerosols.
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Photo.2 Star-like @ trucks from plutonium aerosols.
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A Study on Microscopic Dose Distribution in Internal Exposure by

&@-Particle Emitters

Nobuhito Ishigure, Takashi Nakano, Hiroko Enomoto, Yoich Oghiso and Satoshi Fukuda
Division of Radiotoxicology

(A ) Microscopic Dose Distribution in Parenchymal
Lung Inhaled with Particulate Plutonium

The macroscopic quantity “absorbed dose” loses
its validity to interpret the radiation-induced
biological effects in the lung inhaled with particulate
a-emitters like transuranic elements, because the
doses to individual cells differ more widely than the
range of doses over which the dose-response
relationship can be regarded as linear. We intended
to make up a three-dimensional model of parenchymal
lung structure using a stack of actual histological
sections in order to compute microscopic dose
distribution around a particulate a-emitters instead
of dose calculations given so far in which a
mathematical model or two-dimensional models were
employed. This theoretical dosimetric approach will
provide a scientific basis to the extrapolation of
results of animal experiments utilizing high doses to
man exposed to relatively low level radioactivity and
to the understanding of biological effects associated
with “hot spots”.

(B ) In Vivo Counting of Pu in Experimental Animals
and lts Application to Dosimetry

We have developed a method for in vivo counting
of low energy LX-rays emitted from Pu. The minimum
detectable activity was 90 Bg for 10% relative
uncertainty. By this method, in contrast with
serial-sacrifice study, a long term follow-up can be
performed upon a specific exposed rat, which can
reduce the number of animals required. This in vivo
counting was applied to our dosimetric study: 1)the
evaluation of initial lung burden of rats inhaled with
PuO: particles, 2)the determination of our lung
retention function of PuQz2 particles in rat lungs and
3) the examination of the behavior of *'Am
contained as a trace contaminant in PuO: particles.
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Table 1 Deposition fractions of inhaled plutonium
aerosols in alveolar region of rats

Batch AMAD*' GSD Exposure°? 14D
(xm) (min-Bg/cc) (Bq)

Resp. Vol.*? Depos. Frac.
(cc/min) (%)

48 89 2350 124 27

49 60 2310 128 30
38~ 45 800"* 99 18~ 21

39 46 1080 99 23

m = o w o

0. 2
0. 1
0.42 2
[ 1
0. 2

- - T

43 86 1390 97 17

%

—

Activity median aerodynamic diameter.

*

M

Time integral of air concentration of plutonium during
exposure.

*

o

Calculated values using the Guyton formula.
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Toxicological Studies on Biological Effects of Transuranium Elements

Yoichi Oghiso, Satoshi Fukuda, Yutaka Yamada, Haruzo lida, Sentaro Takahashi, Hiroshi Sato,

Nobuhito Ishigure, Takashi Nakano, Hiroko Enomoto, Yuji Yamada, Akira Koizumi and Jiro Inaba

Division of Comparative Radiotoxicology

For risk estimation of internal exposures of
transuranium elements, especially plutonium, biologic
parameters such as microdosimetory at tissue or
cellular levels and factors modulating sensitivities of
target cells remain to be elucidated. In this study, we
focused on carcinogenic effects of plutonium either
in inhalation exposures or the subsequent
translocation to the liver, skeleton and hematopoietic
organs. To investigate carcinogenesis of inhaled
plutonium dioxide particles, approximately 120 rats
were exposed to aerosols with 0.3 to 0.4 #m of AMAD,
and were kept for life span periods. The results have
shown that 97% of animals inhaled 1000 Bq or more
died with lung tumors (mainly adenocarcinomas)
within 600 days after inhalation, and that almost 60%
of rats inhaled 500-1000Bq died with lung tumors from
500 to 700 days after inhalation, although the
remaining animals are still survived. Estimated
absorbed lung doses in these lung tumor-bearers were
ranged from 3 to 8 Gy, depending on initial alveolar
deposition and survival time. Carcinogenic effects of
injected plutonium citrate were also examined in total
120 mice for life-span periods. Osteosarcomas were
observed in approximately 60% of animals injected
1000 to 5000 Bg and 35% of animals injected 500 Bq,
respectively, but only 17% of animals injected 10000
Bq had bone tumors, while no incidence of bone
tumors has been noted in untreated control animals.
Additionally, relatively higher incidence of lymphomas and
lymphatic leukemias was observed in 17% of animals
injected 5000-10000 Bq, as compared to 8% of control
animals. Finally, to clarify biological parameters of
€-ray exposures at cellular levels, preliminary assays
for survival of colony-forming cells were performed
by using #n vitro exposure system of @-ray emitted
from the source of 2"'Am. As expected, both of

pulmonary alveolar macrophages and bone marrow
cells after @-ray exposures were more sensitive than
those by 7-ray emitted from the source of **" Cs, and
the estimated RBE was approximately 1.5-2.1.
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LT BT, ETEBYTT v S NEAK K BfE
BRAE BB BEREER IUEABT L T BALL
TNV N=T ABRERTHEEDARY FVZOWTENRLE
NIy PRIV A LA AERAEER CRESHMICH
TTHEEBIT, @¢fEin vitro TEARISICERS LT
LEDEMHMBERHEL T, EMEHRTA—F DV ED
Th 5 RBE 2#ET AL EIT o1z,

2., FHi
MBSV h=T AT v S NVOBRA XD EEHER
&R R R
TTRBEAICIVEBEN LT v VR ABREER %
AV, THEBIE D ORI B L, V=R L —F THAE
ST I A MEF 1000 CTHE - FEEIC L v £ UL
W (***Pul0z) =7 w1 (AMAD 0304u, o=
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20) %. #® Wistar 87 v b ({£EF 200-250g ) H®A
Liz. MABE#BIO—EHMEIC. LXREBRETHE
AEHAEIZ L BN EREZRE L. EONHER
Hig s HFIETEE & (Initial alveolar deposition; IAD)
., FRHABOER (B T TOMEEEEIIELD
NIEHRNBEEL, WEELHEESLOMBOEIEL
IAD BLXUEBREC IV ENENFHELLE (TAT 7K
FHEIZ X DRBBIREIMICET A EOESR), &
ABIL, FESORLESBEEL L bICKEREL, B

TR DWW TR & iSO R ERRRFEIRRIC LY,

FHEEFRRERM L,

Q7N b=y AERES T ARRBTDEEBFHR L ED
2ART MV

WEENL - VBRI A, pH 67TICRER,
250nm pored A ADIYRT 74 F—2BBEE, £
HEEKT—TRBERARLELZABE NV b=T A
(**°Pu) % C3H/He %~ 7 ADERENICENESL
o U AL, FEROEBLENR~Y TR L& GICKER
FL. FETEEI OV THES L EEERE ORFREMREFH
BMBIZLY, BEFRERLALT M OBEWELERETL
7z,

(3)in vitro @ BEHIMIIC L 2 EMRBREROTFHED
wEd

M AM FHBRBEREZAVTEZ O ¢t (32MeV .,
138KeV / #m . HER0.1Gy/min) 2HE (¥4 ¥vH
AN) BiofiE - BREUCHBIZEH L, 9022 B
THYVAT A (TAT 7 SR X 5 BB B Fm I
BT AW nEER) AV, FHEIRHOED, v 2
EHMBERB IO~ vy 7=k D 2u=—FE

BEMEIAT A —5 L LT, - A TEHRELREL,

BT Cs @ v (BREE10Gy/min) BHEROFH L
Bliz, av=o—RERRFEZOMELEZNLEN—E
¥, co=—REERF (M-CSF) 258 05% 7 Ve —
ABEMEMZEESD MO ST AFy 77—k ETT721
AL, BE  LEgELhaon—KEEE, L
7z,

3. R

DEL 7V b= ZRAT v MR DMEEFR L&
BERBER
FEHEPMITIT - T2@ 7 b= L AEERIZ, 58
B, #AFN20ET2H 160D T v MR ASET,
ZDH B30 I EE L HERAEOTZDIZEM
By Sh, RO EBRAE (Bg) OEWZLY, KO
AR IO BEEE ST CRERE L, BEEFRESIRD
BECHWE,

TJIW—7 WwAE (Bq) ENNEL
POgi 0 60
Level 1 < 740 18
Level 2 740 - 925 30
Level 3 925 - 1295 32
Level 4 1295 < 34

DO b, HBENKT0 % &% AE 1000Bg LT
(Level 1 BXU2) o##O—MITHE (1993 4 10

A) THEFEL B, BAE 1000Bg LAE (Level 3
BIXU4) 0BMILTRALZ600 HE TIRETL L,

FNENOEFROWR 2K 1 ITRT8, BELU-VIE AR
(Level 3 BXT4 ) 1. 250-300 BX W TUHHEES
. DBAEIZETRAENL., THEEFERRIEFRFN
454 B (Level 4) BLU'524 B (Level 3) Thotz.

IR LBV AR (Level 1B8XU2) %, 500
BLUBLYECPEEZN, 700-800 B £ TIZH40 %R
U6 %BENEFNFETL. EHEFERE6S BRIV
593 A Tholz, TDXSITHBHOEEEFRE TS A,
EFERNTO% L HBL, BRARTIRL YV EHOFEL1H
LTI BB, BMALULOEWLOTIE, FETEEHO
BIERHALNTH D,

Survival of Pu-Inhaled Rats
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ZOFRCOEERIL, MEHETHDHM, SBREIZRWT
i, AREE, BEESMORENZL. MEBREED
LI BEL BRBRTWARY, T k= ARABONEE
FAERIT, MBEEIHALNCELRY, L AWRIELTEERE
HMEREZRLTWS (B2), ¥+hbb, HL1
(Level 38BXU4) BHTix, 250 B L vEmL, &K
RREERARIL. TNFAHIT % ThoTodd, KL
NV (Level 1 BEUN2) BT, —¥kZ4&FEPTIEDLS
B, BATH00BLvEmML, BEFNFRFHS %R X
V73 %DHARERLTRY, SBIDICHERNEHE
INDHLOLEZLND, MEHOFREMAEE L L TR,
IR HDHKI80 %L LA, FEEHMREX ML B4
L7zJ8# (adenocarcinoma) T, —#b4 L CEEKK
#% (epidermoid carcinoma) » 3 Wit R ¥ L KB
(squamous carcinoma) OFREEZR L, Z2RIGER
ORBENTIIRA LV E D RERBEWVERRN L DD,
BELVAAVRAR T, BEERESHEMRREIALTWSE
ML, £, LB LVVEARTIE, SR
NEET, TOABICEERERLONDIBENREI T,
Wiz, MBI L VT LeEE T LT, HREEr
HEL, FORFERAL VLT LizpiET5 &, H3iz
AT &S5 Level 1 TiX35Gy. Level 2 TiE57Gy.
Level 3 TiL 6-8Gy . Level 4 TiZ 8Gy LA L EHA V~v



Incidence of Lung Tumors in Pu-Inhaled Rats
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B4 BbrnVb=0bRAT Y MEEEH ORI EE
LwiitE R (JIAD) Z2oUTNZRABK DR L O
B

DEBIZEBERHBED LN, BVANLEERE BT,
I bz, L ERE (IAD). BINEAER L O 4 ErE
(B8 L oMERE R EZ A, TAD 500-1000Bg D{EE
DO EIE, ¥ 5Gy T 600-800 A2, 1000-1500Bq Tix
) TGy T 400-700 Bz, E 7z 1500-2000Bq TiXEH
8Gy T 300600 BizzhEnHmbE< /L. WIHiLEE
VAUZ R D Bie D5, BEEIZ L VBT T3 % TORRM
LRI L OMICIE—EOBEBREH D Z L PR EIND
(H4). ULH»L2MLELVNVEO—EEEDKRETIL.
IGYUTTHMEEREAEL TR, SEMEEFRD
HESIRBEBIERMLEND L EDbRS,

@)WV b= AEF~ T A RBITDEEFREFD AL
7 hv

RIEMES N b= h%, BELXVORBRDIKRDAEHD
TR CHENBES L, EBOEBEE L LT, KE
AEL TEBERRERBIUVEFDORRY MLVEALE - HETL
7z,

TJW—7 58 (Bg) L
XS FR 0 60
Level 1 500-600 30
Level 2 1000-1500 30
Level 3 5000-6000° 30
Level 4 10000-11000 30

D5 HLRTRE OBMITEAER 60 % B EFFF TH 528,
TN R AREHOBYOIZEA L2 TR 700 B E TIC
R Lz, £FEROEBIIRSICRTERY T, LU
(Level 385 0%4) Bi%, £9200 BALEEAEEIN,
500 B £ CIIEIELFINET L, FH4EB T 350-360
ATholoizxf L, F L~y (Level 2) BT8R
T300 HA5 600 Bz THFELE, EHAEFBEIZ 430 A
Thole, L (Level 1) Bix. = 5ICEHSEN
T400 BA25 700 B ETIZ 95 %A L, FHEEFEBREK
530 B THh oz, WTFNOI)V = ABREEL LT
FEOEFHLILTHLME, MNBHEOFEHEEREK 750 8 &
LT, BHORETHER TH -7, ZOBRHOIETED
FERE L TEHBERERAL I, BLAE (<K
Level 4) B\ THAMEMBEEIZLZLOBE,1-
oo EBICELDRFHTEROWEB LK 6 1T/RT 25, SHHBE
TIL 600 B LA EESESBEE E v, BE (1993 £ 10
A) ETIRHEI0 %BIELTWEDITHE~T, Level 1T
12400 B 5%945 %, Level 2 TiE 300 B 254 67 %iz.
Fiz Level 3 TIE200 BA5 63 %z, FHZEHEEIEN
Holc, LPLEDLLVALOEFEW Level 4 HTik 200 B
LD HOND b ODORMKE 2 BREEEIEIEA 34 %z Lo
Elghol, ZNRAMEILL D LEELBND,
R4 LT R AR R T S & MRE T
A (hepatocellular carcinoma). Y »<f@ (lymphoma).
PRELAES; (granulosa cell tumor & % Vi adenocarcinoma )
BLOHESE (adenoma ® 3 it adenocarcinoma) #4E
LAETHTN, P b= sBEHETIE, BAE
(osteosarcoma ). YU /28R S UNT U 3k E L E
(lymphoma / lymphatic leukemia) DKo% 59
TWiz, ERHIEBTAINOEEORERLFARE, Vv
N - HiRB IO E OMOEE (FFES) 1241 T
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Survival of Pu-Injected Mice
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IR REOBEE (& IKFHE) A 700 BURIZA N0
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B~ 2 v 7 7 —YRBIOEHMED 2 v =—F i
x4 5 eRRIRE OZR
an=—HREREEL Lk ¢RI rs B
~ruT7r—VOAFERBRIIEDO TR, BHEick
DI HREZHEOBENBELPThHo (K8)., ZD%
A0 Do, FRLFRO0S5BLV20 L%V, DsfETH
Nz iR (RBE) i 21 LHEShE, —
¥, &M =—EREEEE L Lz ¢ RKE 5 EEMIE
OEFRIBIT, FOIREAERWERERY, rHBEH
DPE LB L, DofElz 08 LRMLUTH DA, DafET
B U7z RBE 1389 1.5 720, BhlaIR & Ot iREE
HOEBEW (BFEEHBOFIEN) PHLIPTho (K
8).

4, BE

I h=0 LiE, BT URDD bR LEEOR @
BRI BT b TV B, ABEEIzOWT
DWEIRTE 2L, B0 TAKRTOY 27 FHEIL, BiE
BRI L DHMABE—SIRBER - THEH I 2E
RN, TV b= LAORBECET ABHERT —F 13,
KREHTOA X & HWTORBBERS T TIRITOIL, &
IZHFHESIC LY, MFIEBIT LISV b= ABH
EORNERNBESRER TERABEZHRT I & 5Mm
LBNTWELDOD, it MUAHET BT DICLERE)
R, EOMEL L TORES PR EDOESEA
RERSZHNT A —ZE+SPE LM ENRTHRY, b
ZEREUSAOEE., AIXEEIERERTL =T LD
PNEERIC IV FERIND L ENTVEN, ZTOHREE
BRR ALY MOV TOFRITZ L. —F, HED
TROIVEELFRERTHARAGERICELTL, A
X ERWEKEEERICL Y, LFEBP T v VR
) L AR (HEESR) OEEDREREHIEEH
EMZENTVEN, ELAVEMEY T v VDR AR
FBRBREZONTOTFT—FIRIE LA ERVDOBEIRT
HbD, TOLORBEPL BART v UADLES
RN BT D TV b= U ADFBHIZOWT, TR
S5 EBDEEFERDALZ FARBIUORAREI X BHE
BRFEOEBER TORBRIZFNTNLESEKY., HE
B{Tolr., ERRERIC, 7N b= U ADEYFEORILE
WETDHIEDIL, QRRICX ZEHRE LV TOEYE
HIBNER & # OB BEDRBERE R T 2 EBRRDOHESL 2R S
7o

REMEBIEM TNV b= A - 27 ADT Yy h~DR
AEBRIL, £ T submicron 4 XDHFE (AMAD :
0.3-044m ) Tiibhizs, ZHITKESMERICEEL
BAEKEEDZT v/ NTHY, ERIZT —ZITITRER
DoleBNIsnd— NI OF T T 7 40— 2 X YR~
EEZRALTREY., BRANTHER L2 THIEX —
TSR FR MR L 0 A& Ulo g, BREEDLDIWIIRTE

FEETHY, EWMKEMES LV ECIERIIR» o7

EBHISEIOER TR, KB2OBYORARE FHILE
&) 5 1000-2000Bq T. ZHEFETICT v hTHEZNT
WBBALV~LOR TG AR WEEFIIZ H o T hs, 8
= (MEBFERER) HxbdTEL. 1000Bq LLED 2
TiE, 97 % bE L, £/, 1000Bq LATFOE TR
NEVFEEEL B, —HEFEPTIEDH DB, K60 %

PUETrhEiE<, BEEED W %ULEIRHEETH S
W, SHELIBERORBHMBHFZIND, o,
JHEBERAERLBAE L OBFBEHE LTI DT,
TG HE K UV AR T ORISR IZIN A T,
S HITHRE VL, fil 24F 100-500Bq % 5 v ik 100Bg LA
TORIZRBITA2RERICETIRHBLELEbND, B
EZOBELVSNVEORAEREETTTHD.

WA X B REER AT DV T OB ESIRBR OO
Tzt Bl X USEBBAE i 37 D R E R 23
RAIRTHD. TNETIRBESNLTHE TV b= A%
AB COMRBEREBIL, AR E < 8Gy LLE & HEE
ENDLOBEVR, SEFL BEAFRAEIZIVHEEL
TR ER, 3Gy 258Gy DL DREL Tz, Tt
BIFREOE, MEERIC I 2 94 OBSHER< 2
ZRHERZEZERTOILENDASI2HB. IGYLLTOLOT
LIEESZENAAED LN TWADT, MEEFERICLE
BEEIE, BELLLEBIB/WEEEEND, FOLZDIZ
i, B VAL S B WRIBRE VSV W T O+ T —
EPMETHA9, LrLeKRb, SEHEE S I fEE
PleoREHERERIT, OIFLEEICL IS8, EHERE
58Gy DL OBELEL FHLTRY, LT HE TOR
B EBEBRBEORE X LOMICE—~EORERD Y, B
BEBOEBHEZ T T, FRIET D E CORMBEES
BIIHETHDIZELELDND,

RIZMIBBAT LI SN h=0 M X D EBEFHDO ALY
MRBHOTDTolc ik EE~y AT, FHRLEZLEE
DEREREHEL. LHrLEE LT X DRERITEN
HoNT, TOHE, 'L~ (5000-10000Bq ) #ER
KRWTIR, BREOHIE T2 UNZAEMEESD 5
RO oE - BRI L D ECTAEEBEN D,
BT EORBRERPBELS B EEZOND, Fiz. TER
OREAREE e E I EEE T 600 B LABRHIER T2 Z OMOERII
DNTH TN =T ABRERTIZIXbDTEI TN, &
NLREHETHE EELZOND, BABMSIOEE L LT,
BLSAVOT N b= AEEEYTIRY VoNE - BIES
SRR TERREL, 2 oRMicHIA LS, EL
SNUHTRIBEL Y LEIP o, T RITRBITH Y oo
BHREZIV b= AREBYTLINLETHRESA TN
BB, WTFRLPRYELSAEEIZRBWTOARR LN
NEDVBWMEEZRLTWS, & DOFE, TTOY 3
i U rBARBETIIAATDLDBIEFEAETHY,
TN b= AOLEEME LN & D BRI 5T DT,
DY UINEOERIZTI A b= A (O Q) HSEEERE
HoTWBERZEZIIW, ZDOFX T =X AZ2WTIL,
SERERETIZ LB Y VoNERA L U & FERIENL O
BHDHN, BEOLZIARETHD, 0B, BRRILFLL
TN AN, BHEBEOAZLTEHMERICILED @
BOBEERIETZ LR, K<HMBRATHWD LD, 4H
DERTHE., WTHo GHRELED T THLEMHEEH
MFTEE LTy, S bHDd Lo, BFE%E
HOFEELD TEVWRETLIEZ VET, SEOHKE
BT LAMIEEDIE I BEITLTLE LD EEXLD
BB, BRI & » TREHBEZEOENEREFR
DENWERETIVESDOERTH S L EbiL, BELN
vy BlZE100Bq LT L S B 5BIC L D2 ERERE
BITPTH D,

-111-



QR A EEEAMAIT in vitro B L., F04YEIEE
BHEL, BEHEHDWERBEEA2HONCTEZ &3,
TN ADOEYEETHEHTE TS IATEETHD,
IOz, FaiEE Am BIREH W B - BEEEE
B LT, EREZBHBLE, SEIZ. 2v=—TEREHEE
LLEEERICETAIERORIT T THSIN, iR
F OB DREDIRDEN, BIUOZhHEH
R O BRI b @RI X DEIEPRDY riic X D
FIG e RERD I EPHELPCENT, 5%, 20
VAT RNERWT, PIAEEREROHBRLR EEYFEY
RT A= LBBIMOBITET> TOL FPETH S,

5. ¥&®

TN AL DNEEREO Y A FHCRBWTEE
RAEMERNT A—FERELPCT DD, EERHERE
RTHEIBIYT 7w S VORAILL > THEREINBHE
B, MEBTLEI N b=y A X DRGSR, BIUE
BB L)L TO @BRBHICE2EPURLTNETNR
WMLz, V=T ARAT Y MBI A EESERERIL.
EbHTEHEL 1000Bg L ETI7 %, 1000Bq L FT
60-70 %izE LTz, £/, WIBRERIHLEREICLIVE
BB, EHTEICYPLONREL ., LT HETOR
e OMICiE—TEDBEGNRL LD BN, TV =T AE
T AR CHERINZEECS L, BREER LS
<, BELANMZED 1760 %DOFRERERLES, 20
ERY LOE - BIREAE LSABREBIIRBWT 1T % &
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Bone Metabolism and Effects of Injected Plutonium in Rats and Beagle

Dogs

Satoshi Fukuda and Haruzo lida

Division of Comparative Radiotoxicology

Bone metabolism and some regulation factors
related to bone were examined in rats and beagle dogs
in order to be useful of carrying out the experiments
on the effects of injected plutonium-nitrate to bone
and other organs, and evaluating the results obtained
from experiments for human damages.

The results examined on the age-related changes
in bone metabolism of Wistar-Mishima (WM) rats by
histomorphometry and analyses of bone strength,
mineral contents, serum biochemical constituents
related to bone showed that bone mass and surface
area, strength and mineral contents in bone increased
with development and reached to the peak at the age
of 12 months both sexes, thereafter these parameters
decreased with age, indicated that the age of 12
months in rats would correspond to the age of 30-40
years in human and the age of 2-4 years in beagle
dogs when the bone mass and bone mineral density
were highest. Some factors occurring the reductions
of bone mass and fragility of bone such as the loss
of sex hormone by ovariectomy and orchidectomy,
decrease of stimulation to bone by reductions of body
burden and exercise in fixed of hind limb with the
body, x-ray irradiation to whole body, locally to hind
limb or neck including parathyroid and thyroid in
WM rats, osteoporosis and decrease of intestinal
calcium absorption in the stroke-prone spontaneously
hypertensive rats, and some beneficial factors of
preventing loss of bone mass such as exercise by
* swimming, calcium supplement were examined.

Plutonium contents (Bq/kg) in bone, liver,
spleen, kidney in rats were highest at the age of 12
months compared to those at the age of 3 or 24 months
both sexes, and were higher in female than male, and
higher in ovary than in testes. These results suggested
that the contents of plutonium deposited in bone and

other organs were highest at the middle age (30-40
years) in human that might correspond to the age of
12 months in rats. Plutonium nitrate of 0.185-3.7 x 10
®Bq / kg was injected peritoneally to rats in order to
examine the long term effects, up to now the
shortening of average of life span and decrease of
body weight, bone tumor were found out. In dogs
injected intravenously plutonium nitrate, about 18 %
of administered dose was excreted in urine and feces
4 weeks later, and remaining 82 % including 20 % in
liver retained in the body. Plutonium content was
highest in trabecular bone, subsequently cortical bone
and bone marrow, tended to increase in the trabecular
bone but decrease in cortical bone and bone marrow.
The observation of plutonium-oxide inhaled beagle
dogs was initiated.

X-ray irradiation to whole body (1.25-5.0Gy), hind
limb (1.25-15.0Gy), and neck (1.25-15.0Gy), and neck
(1.25-15 Gy) of 4 week-old rats caused not only the
shortening of length of bones in hind limb induced
by damage of growth plate, but also decrease of bone
mass, mineral density and fragility, and the
magnitudes of these bone damages were strongly in
whole body > hind limb > neck irradiated groups
in order. The damages of bone by neck irradiation
were induced by loss or decrease of calcium regulating
hormone such as parathyroid hormone and calcitonin.

Plutonium nitrate was injected immediately or 7
days after whole body (2.5 and 5.0 Gy), hind limb
(15Gy) or neck (15Gy) irradiation to examine the effects
of combinations of x-ray external and Pu internal
irradiation. Plutonium contents (Bq/kg) of bone
immediately after x-ray irradiation did not change but
decreased 7 days post-plutonium injection in whole
body irradiated group, while those decreased both
immediately and 7 days after plutonium injection in
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hind limb or neck irradiated group. All results on
plutonium deposition and bone metabolism obtained
in this study can be available to assess the risk by
plutonium intake in human. In this study, the
anatomical and physiological analyses of the
trachea-bronchi and respiratory exercise in beagle
dogs, and pathological examinations of rats and
beagle dogs were also done.

1. #8

BHMEEE TSV b=U L (Pu) ODAD, &P
DT BERNTIHELFMT DI, ZNETIEDT
WBE—7NVRIZIMATT v hOBRBHCEET 2 EBERR
YU DEMRAFICETOIRBEETIEREE, Zhb
DFERITE SO TENBRES LI2HEE Pu 0HILER LU
HEICOVWTHFZEDE., LT, Pu DIEERHRIC
ST A4, S, BRBICEELRIETAENEA
DERICONWT, EHEHEBZHELEETIMMZITO D
WAV BR DR, SRR & OEEHBEOREIZOWT
BmELZ, EbRRAIELTIZ. PuoBAERICBITS
EREHOBRER IUHEFMOIDIL, KRE-KEXD
REZ B2 BB L OEROABAESHICOWVWT, i
=7 NVRBEVT y MBI PuOYREEFMET D
DIZBRBEHBAICEE LIFRERNRERT X DEED
EhE LTz,

2. Fi
1) BRBORESE

BOBERBIURBOREIL, BERUCIEBKMERE
AL XL 5 EHEEEHAE, BRERRE B8IXIV
SHrEE, BRBICEE LB E(LERSODE, EE
BETERSEBEEE R 2AVWUTo

(1) BFREEmEEIE: v -V RBIUS y FOFEH
BOBREZEN T 12D, BERSITHLT FI7H4 7
Yovbants vre—EHRTHRES LTEZEZREIT
ok, ROEBRERLEBEST Yy hORBE %
Villanueva’s bone stain TH @, T/ a—/fK, AF
NAZ Y L— EIEEE, Y. BB U TIEBLRK B R
BAZERM U, £, LEIISL T Toluidine blue %
EBETo. ROBEOHREHS. 7 v FOEEORA
FEEOWNE (secondary spongiosa) o & xI4IT,
HNBEHRETEZ L2 b ERBERI RO aEEE
RTEBE AW T, BEBIUEHEDOHMEZT T,

(2 BHMERE: 7y hOKBEORE (AR LV
AL I ERERBRERBICL > THE Lz, AIERSOT
FD2ROTFERRKBEEZEE, EF»L1ADXENRT
FO2EDOFRICMBEBTE LS ICMEEZMA, BEXMEE L
TEFOMEA EEM (LAY OERE) Z2BIE LT,

B BEEIRTNVEDORE:: 7y MNRBREOAER.
EBREERE (248M. 100°C). KR{LEE (24 #R. 600
CT) 2RIELE, R{ELEBIIHEEBETHEME LR, hAy
v 513 Cresolphthalein  conplexone #T. Y »&iZ
Molybdenum blue I TENEFNEIE L., T HDER
2o, ABEBCHTIKGERFE EBEE-EHRE
), FERIEE FEREEE-IK{LER). K&
Ny LB, UV UBORERERD,

@) BRUBEMBECERSOME  iFEPD
Parathyroid hormone, Calcitonin, Vitamin D
metabolites, Alkaline phosphatase activity, Total and
ionized calcium, Phosphorus 72 & ZBIE L7z,

2) WE Pu OEHNEBELEBIVEBERNE

B Pu K2 /7 VB TpHBIUEBERER, (1
Ty bERAWEEH (K4E) AFICI2BPABLIUEE
DRE (Pu#E5E : 0373.710°Bq / kg © 4 &R, &
F2558H). QT v MIRBITAPuiLEEDERE, M
EBIUOHETHORSE, QT v MNIRIT DB LiE
HEDEIHEDE~DO PultERBICRIETHE, Qv —
TR (6FH) RBITITHORMBILEE LENEHOR
REEHNELT, BROGAWVIZERARS Lz, /2. &
K (65H) IKERL Pu 2BMASE., Fi~OFHILE LER
POk ORFEORIEZMH L (—EIZEHER
).

BEBRTERLUIEHRESCERTO PuBER., KL
#®, BEY o FL—v s Ay F—-TRIELR,

3) SERERE

BEBLIUCRAT Y bO2EFHEVIIEAT (B, &
) RXBEBEHE21EIT-oH, B2, £2FBHEETI
0-15Gy, BFTRRETEE T2 0-25Gy & Lz,

4) ROFE—KEXOREHEBEENE X OEREEDE
HEHRRE

BARPOWHH LIS ) a VB2 LIAAT ., B
MR T —F THRELTEE S8y 2 M 2R
Uiz. BREELUTCR OIS ERAI 2 EA L, AR 0E
EH) BT XN DI BIT D BRAER EBEE, BIUV
BEBIIER LTe R (BKIER) 0KE—SEXDO X &
BEEEEZBREZ L. RE—SEXX+AMBIUX#
EREENPD, ROFE—KEXDODEKOVER & (R E
O REXOMHEER (REBIVERE) HEZHE
Lz, &bz, MBELIZRIREE AT —TLEBALRY
757 2 AW TR SR EE L,

5) E—INRBIUOT v bOREENHE

E—=INVREBEIUT y NERBIREBELRE L, £FER
RREEE R CIRRFABEENIREET o

3. #E

1) Ty FRBEIVROERH & FDEHET

fifE i Wistar-Mishima (WM) v bOHEREOF
EXLBRABIRECHE-THENL, 120AHBTY—2
WELREE, Mgz o TEd L., (Figl), B
JRAL R ER B AGEE TR E L7 » TRBIZHED L,
127 ABLUBIEE—EBICR o7, BEESINY T A,
UUEFERI2HBMETHENML, 6120 BEE TKka
EHRIPY. KoEeFRIWMLEREFNFRL—EIC
Rotehd, 2427 I A BRI HEO KD EFROEM, K
BEEROBI BB LN, Thbb, WMIy bR
T2EOBERLIURBOEHLTIIT., £BPL 1254
BETOEMEBE, BHE RESENLET -2
ETHIAERREBIVENIESRIGEERL, 1248
2 DERICED £ TORLHRIMEOETIZHE -T2 EHE
BOoRBEHEOBDBEIZSDPND Z EBBED LR,
BRENCRETEMHER TH RN E DM LDOEZE
PIRR LI VIIHEREBEH L CRZELEZER, BRBHT
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Fig.l Age-related changes in bone volume in female

Wistar-Mishima rats. There is the peak bone
mass at the age of 12 months.

high turnover {2729, FENXED Lich, £ O EHE
212 0 ABLAGEOE N3 » BlE D b E L ole, T72
bt HRNVEVBREET S EENERTIIERESHER
B X 5 OMBESEEEDORD B L UMb RE
Y, RS L OB TIRE B OMRBEOHE, B
BEFHRIMBEL LMo TELLEI D LISRES
hie., BEMLEBRFBLE T v b ( spontaneously
hypertensive rat; SHR) X UMMz 5 FE SHR
( stroke-prone SHR;SHRSP ) OB OFRER L OME#D
EEHTLE, EFMED Wistar Kyoto (WKY) BX
WM TJy bEHBE LR, &b SHRSP oFHR
B Low turnover 255 L. 5 » AELGE» S BEDOBD
RffEFEl (BHBREL) BELIEDZ 2D THEEL.
FORAPECRBESNTVEEEPHDOINY T LEE
PEt 771 © /2 <, Vitamin D OERH. SLER I UH
BERLOHNLY T ABIEECETIILHDZ 2B,
WM 7 v MBI 3 FRIO#BKEEERICEE L THESR
EEOBIZXT 5 AMEICX DR ARV IR, BHE
LR B BN, ZOX 5 REHERE/S LT KE
Bz X B BRI N T DR EITO & PR L OEE
HEBED LN,

2) BB OMBHELE L Pu OYIEITLEE DR

(1) PuBE&#57 v b ORMBERERIIBE bkHTD
ThdB, THETIELNIEETIE, EHEMIIE
BETIIME 687 £ 166 A (n=201). #ff: 806 = 222 H

(n=248) Th-o7, 037Bqx10°Bq/ kg 5T
12436 £ 65 H (n=11). 0925x10°Bq / kg ®#E5H T
12498 + 145 A (n=26). 1.85x10°Bq/kg &5 T
#2466 £ 147 A (n=24), 3.7x10°Bq/ kg H#5H TiX
345+ 1758 (n=6) Thol, BHEEBDORBLEITIEREF.
JEHEIZ B BTV D,

(2) 3,12, 24 7 A ICHEES Pu 28NS LTz 2 80
BOMRES v FOF. Tl B BiEo 1 490 Pu
BEZ, BERIVBREFEARKICRD 12 7 Al T

b, BUEERO Pu ORERBMO L PHEL Y b, E2ip
BOFPRRIV bE»ro (Fig2)., 4BMEBOENE
BRER, 2BEMBROBRLREREILONRP ST,

2000 2000 1

o Femur

centration (Bqig)

1000 > 10001 |

Plutonium con:

Plutonium concentration (Bg/g)

12
Age ( Months )

Age (Months )

Fig.2 Plutonium contents in bone and other oragans
2 weeks after X-ray irradiation and Pu injection
on various ages of male and female rats.

3 2WEBOM T — I NVRIZEE LREEE Pu @ 4381
BETOERIEMIZ, #5548 %E ClEEEIZ, < 9A
ETCIIB®RIZRY., TO%—TF Lo, FLR~OH
EEREE1RBTIER>E, 2156 BB TIHESR, 16
BLUBRR>ETH-T. 54 BRIV 2B BHOER
AR RIIIE LA CEPRLSBEEREOK 18 % T, &
PIZE -T2 82 % D 5 B 20 %3 RFEIC. FORYIXEe
FOMOERICIEE Lz, T72bb, Pulks 14 BLIE
TIHEA D & O RIZEAB L OB N 2R LT,
EEBOPuUBE (Bq/g) ¥, BLHFEIHELEL.
FNTE., B U oS BE B oI E» T,
BOEEBSOBEDT, BREIMERLEL., KICEEE. B
HBOETHoTe. BRB~OUELBEBRELAVTEHEL
TR, BERE~DILENE Lo, 2BMEL 48
MGBOBEL KT S & BRE. . B8THEmnRL
i, FOMOESR Tk ERIZH o7 (Table 1),

Table 1 Plutonium contents in various organs 2 and
4 weeks after plutonium injection in beagle dogs

Organs 2 weeks after Pu injection 4 weeks after Pu injection
Liver 128.96£14.81 Ba/g 175.45+49.50 Bq/kg
Spleen 31.33£20.47 23.43:£6.90
Kidney 37.97+£15.73 24.94:£3.86
Lung 8.74:+2.57 6.45:+2,87
Smal} intestine 5.39£0.92 2.76+£0.36
Lymp node 18.84:4.37 15.49£5.35
Pancreas 4.63£2.25 2.15+0.24
Bone (Femur)

Trabecular bone 159.00+45.00 301.00£93.00

Cortical bone 39.287.60 31.90+8.50

Bone marrow 14.13:£4.30 16.36£10.81
Serum 2.17:0.42 0.88:+0.36

3) XX 2B H O BRI R ETHE
BOFENE B L\ 43881 1.25, 25, 50Gy ® X #
* 1R BHETH . BEREOHEMCKEL T, A
EOHD, BIRRKEOWEEEICLLDBEROEM. BIFK
BOBY., BEHLOEELSED LN, 1.25-25.0Gy &
B E ORI BRE LT BRI b R FEEE SR E OIS
CCEHLNZR, FA—DOREZBITIEEOREILY
BEIYLEETHY, EF—EEOIERIADOE TIL,
FEAFBERALNR NPT, 1.25-25.0Gy % SHERD A
RS LR OBIEBIC bR BEERL LR, £
DEEDREIZESBNB I UBKORETRIIC TR
EThol, T7hbb, AHBHIZ LAIFEEIILRE
} 125Gy LETCRZ W, FOBEDEE IR —HE TiX
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EHRAPFLIREL, KB, EHOETH -
(Fig.3).

501
—&— whole body

— e .O ...... Neck
E -==f&-= Hind limb
5 s
c
@ A
o 301 e
o g SN
0 -4

20 T T !

10 15 20 25
Dose (Gy)

o
o1

Fig.3 Longitudinal lengths of tibia 18 weeks after
single irradiation to whole body, neck and hind
limb at the age of 4 weeks in rats.

4) SR E L Pu OB OES IR

2 & (25, 50Gy). Ao %K (15Gy) . |
(15Gy) WX HEEBHLEEEZBIVT7 BRICHEPu
EHRELT, TRETNTEHEOBOPuBE (Bq/g)
FRIELEZHER., BHEZICPu2RELIIBEDLEH
%%Tmﬁ%ﬁkﬁmf%mmaan@motoﬁ%%%
TR BRICE_ TP BEORI S, BEBRK LG
IRIEBEA OFR XU BEIC %«fﬁ&ﬂﬁ%htom
H7TBH#OPuEERZ £FBRETHRECHEMIKLT
BB BN, TR TR, % ORI & IER
FHOWTR L BREICER TR REREORY &R
L7z, (Figd),

Cont 800
&ncne body 2 SGy

No-local-irradiat

]
@
[
B Neck-irradat ISGy 600
o
| Local-irradiat 15 Gy 400

200

Pu content (Bg/g of bone)

@ 0 ©
Fig.4 Plutonium contents in tibia 7 days (a) after x-ray
irradiation and plutonium injection and (b) after
plutonium injection 7 days post irradiation in rats.

5) ROKE—LE T OMLR L UBIEE 2 5 U FER S HE
DFEHT

E—I N RORE—K[ERX DR~y 7ERERM LT, *
DFER, [REXOBIHITRE S b I T 2 4 0
ELRBBH 2D, KREREIGEWE S 5 O XEFR I 53
Bnlz, SEODBEREE LEMIZ L > TELWERTD
LI, MEREENZ X A EMNIZRT D EREOMENDL
B KILRFF O RBE S AR X IR~ DB BRI, %
NENRE FIER A 115, 135 mm, HIEDKKITEWES
#315.5, 19.0 mn. F 72 MERKEFT R D R KBRIEORE X
OWEBIZERE S EE T 1.31 &, BEOKEKRITEWES

T 19 B Tholz, Thbb, [EIMRKEKIZE T
ML AR BITONT, HERIIAREL Y, FEEFIXT5

BRARILEL OHEMEIEE 50 AT THh o7z,

WER IR D> D AT LI MEREE ORI & L. AR
CREVWHFIEHAH D, BRI I VKOO FBR,
RRFOERIER L KOG B R &, FEREL—E#
KEZERIZIVERD PRI ETZ—ETHD Z LN
BObN, ZOX 57, HROFBIZEBAMLE X OHEE
ATR—ETHDH, HEALTREMRLE,

6) RBIUV'T v FDIREERSHRE

RiZRIT D EMBEEORAEITSIZHETE . LR, M.
BB BT (B, B OFER. ) oNE OFERE
BREPREENTRE, BEERZA LA TWRY, BMEE
ZRELRPOTBEOEMIBBLZ IR TH Tz,
S REEHSRFIRE P TH S, T v bTIR IR,
i, Bl EESBED LN,

4, EE

Ty rOFE, BHE. IXTALEFENMBEEL LITK
BRI THEML T2 A —7 2R4HMIZ. A
DEEDHDWITEEEDO L — 7 M 3040 BRICALILDE
HE—HLTRY, BRECRBZEECHKTEI LT v
FD 12 B B & AD 3040 BRBEHREL. FAFN
DEHEINE TERELERD 24 BHIELTNS
ZEBED LN, TORBIIERRDIEHBOT v MMIREEE
Pu2#5 LERBRIZBNWTEORRILEEN 120 A%
KEBObNEDE—F Lz, T7hbb, AP Pu2BRL
e, BIZBITD PufEiitERIZVDY S ERED
FEECE. FEENK AR D middle age B HE W
ZEERB L, BRICRITS PultEEIX. ROBOK
FhLEREPRERCERICHRTIEE NS, BRE
DOREFACEIZEDRTEZ LAREES Nz, &bz, Ty b
RBWCTEHBENELUSNOME, B BE~DPu o
HEEN 12V ABMTR LS P ILERIT., 2 bDESE
ZBWTHINEICE> T Pu DILEESENT B X 5 7285
BRAEESLEHER OB BEB o TWD LHES NI,
AFER L ©— VO juvenile. young adult, adult D%
EEICIEBR Pu 2B 575 &, young adult % adult @
78 juvenile X Y L FEMBPEVFERELEDES &
PuﬁﬁV&éWWW%Wigﬁﬁfimﬁ@®ﬁﬁ%@
DHFABRBEZERE NV DI FRBESCEEREERFHEALT
D EHBHINTWD R, Pu DEBIEEEDERIZL 540
BRBICLEROZH L, EELERTHHZ EBNRES
iz,

Puz 5Ly hORMBEERIIBVWTED
NICRERP I, MREOEEHEMTAT, Puksl

TIEHBREBNEMTIZLER>TELRY, 2 DfT
BIEABEETHD. 7y FOBEEBRERIZELTIZIAR
E— 7 NVRIZERTENEDORERHH A, ZOHAICON
THAERTELNLZT v POBRELERDEIWEIALED
AR EEES, B D VWL EHFEM OB B LN ORI
LbNLEELXED T, BHRTOPuBE LFRERERRE
EDRPOHEBEFOEYORMRNBZBERRENEON
TBERTE LDV,

SERR E B IR T B A OB R OB N F ~EiE
WEEZITCEELVLEETh- R, BRENCHE
WL BB TR Z0MDEe T DRBOMEREDE
BrMbolcled LB INT, LVbiT, BRLUIL
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v LMCHERETR L CTh D Parathyroid hormone %
AW B EIFR RS L U calcitonin &2 M4 5 RUR RO
HEFEHORABHIZE>T, 2HFOBRBEENELD
Tl Fenr) TA VERIZBWTRE L SN D RN
BADOREREZ T TR, SRR FRRICILE Ul e
H#E — NIz X 5 BRI BFRIROBEIRIC X 5 Bl PR R
WELRHNY = USWOEEIET, BIOERLE &
L CRIFRIRZ S DI RRFEHICER L2 h b D kL
TUOBERIT. BORBEEESCHRESE 2 2 T/ BN
+RCHBZ L EREBL TV,

AEBRIZRBW TR HHE L BRI Pu 28R LEZEEIC
2B ~D Pu L EBITIERE L b b 2V SR 7
B#IZ Pu 2ERT 5 L LIcERIE, B U7s 8
BOBRI~DHENPENTENZZ L 2R L, BEE
RTEIRAI IR IR & 2T T2/ AL EE D DB O PuikE
BENSHD LIRIZ, @5 BRI LBEHBESKE N
DR BEHICEEREBERRA LD THIH, P4<
&b 125Gy DO BPETRH 2% 1) 5 L 25 BATE & R
REBENREDOLNDIZ D, B0 PuitERIZED
THEWESNIZ, LaL, SR PuBREREC
ZF BB DE~D PuilEEOHD ZRE MR BT RE
EOREDOBRBERT LDOTIZARW, LB -T, WHEHER
BRI B AR & NI HROE SR OZEICET
EMENSHLMSBELEZ LN,

Pu O NERHEROFEM Z 1T 5 5HE. FRiIC L > THED
GEBRICELVEERBED LN, & ITEIRER TR
B, mRAH, EEHOFEL., BRBEEMTIESL
Fy, EBH, BOE, BEOINLY Y LARPUEER ST
LFoTRERBEEZIDENTREND—F. BEY
27 DERIZL 2N b OEMBEROBEREETHD L
BrEiz,

E— N ROKE—RE X DT R EIER J O
0% DT E B A H R R R EHT L o TR O RERIT.
R~DOEAL Pu DBAEROEHREL T TR, Puk
ABOHEE, BBER~OERABTRYEDLES D
BOEBOIEICER ThoTr, &<, BEEMEOR
ABRIZANSBN TS AT ETFMZBIT D EROERIT
HEEERT A ABECERE Tholetd, ERICK-THE
BIL7ezh b EiZBRIBEHETEROMREL, VI
L= M2 LV REOBRWIHELZED T DICEERKR
Tholt,

= ARRT v MET AEEICEE LIREENAR
MR 4 DI MRS 72 & 2B i bz &
DEBHFEORRIT., AFEIZBOTERLTWDS Pud
KRB RPEBEROEREB LIV ZNE TIAETHRRINE
R LONBLIMTHOICERATHS LTS iz,

5. fE

AFGEORERIP D, ANZBIT DB L O E#R
O PuDIEBEBIEERBIVCEELRT, FECEEE
WY —7 LB P EY (3040 5K 1o, £BHI L
LMD FRENT EBRD LN, FTIRHERE~DILE
BELEL, BEORBIK >N TELILEREDEEAE
IZHEEDT L SERRRE REHIZIT TL RS IR H R
HBHNEE~DRERIS T T, BRIV Y T L
KRB AN L OFIHES T H 5 R RIR FOR IR R O

BREETHDHI L. PufBRUCHE D HEBIZHFMOENE
TTe, BREEKRE HEHiT D FEE. MR EEERK
REDE~Z DEREZ, AR5 PuDEEY A7 250
TOHRICERBLRTNE RGN ERRR SN,
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3. PUEBHRER U X 7 DIKBALIZEE 3 5 B 5E
O Flb— MICEDEERGL U 27 IKBICBET 205

TR, mER. REEZ. MIERE (PEEkE < IFEE)

Studies of the Removal of Plutonium and the Reduction of Biological

Effects by Chelating Agents

Hiroshi Sato, Satoshi Fukuda, Haruzou lida and Jiro Inaba

Division of Comparative Radiotoxicology

(A) A<= a7 57— 50% Fe 8L 0% Pu H
T 5E7Fx LV— MIOZR
Effect of Macromolecular Chelating Agents on the
Release of ?*Pu and **Fe from Rat Alveolar
Macrophages

The effect of macromolecular chelating agents
(MCAs) on the release of *Fe from rat alveolar
macrophages (AMs) ingested °°Fe-iron hydroxide
colloid was studied. Six MCAs were tested. Each MCA
and Ca-DTPA were added into the culture medium
at the concentration which is not toxic for AMs. The
activity of *° Fe released into culture medium was
determined 8 hr after the addition of MCA or
Ca-DTPA. The most increase of *°Fe release was
shown by Si-DTPA. It was about 15 times of
Ca-DTPA. Amyl-DTPA is effective more than 10 times
of Ca-DTPA. The intensive effect was also shown by
AEC- and O-AEC-DTPA. The extracellular release of
9Py and *° Fe from AMs after ingestion of #*°Pu-
% Fe-hydroxide colloid is determined by the degree
of aggregation of colloids. It is assumed that the
dissolution of and redistribution of #*°Pu and °°Fe
from the lung after instillation of hydroxide colloid
of these radionuclides are affected by the degree of
their aggregation. The efficacy of chelating agents
differed between Fe and Pu, suggesting a significant
difference in the dissolution of the colloids and
subsequent metabolism of these radionuclides in
AMs. Except for Si-DTPA, the chelating agents at
removing intracellular °° Fe also showed a significant
effectiveness for ?*° Pu. On the release of *** Pu from
AMs ingested #*° Pu hydroxide, the effect of chelating
agents was tested in AMs obtained 24, 72 and 144 or
168 hr after the instillation of Pu. Ca-DTPA was the
most effective in each experiment.

1. #%E

RA SN Publ FIERERNICIEET D2, MiEsicE
LB FRERICEET S~ 27 7—Y (alveolar
macrophage . AM) DEERI I VMBERICERVAEN
b, ZhbDkiFiX lysosome iZ X vk, @ kan
b DILMEF~BIT LEE~DHT 5, LaL, RKEko
L ORMBENIREET S, £EN~TRYAENT Pu Ok
FBIZIEFU— PEIOBREREZ LN TWBN, T CIZEEKR
WIS &7z CaDTPA 3KBEHETH A D ICHMBEAD
PuliZZE R VWIELEH Y, ZORELE LT
HRTO1DIL, BUKELZEASE UESZAMEELZEL< TS
FHERR, liposome & LT ETZHE, £/, AM %
EETO2ME L OHAE, B4 0FEPREINA TN,
AHPFFETIZED 1 >& LTEENRPB @ Dr. Bulman &
OEFRITAM KERINS 28Iz DTPA 2 & &E
&5 F DTPA iz oW T® Fe- KEgfkzmn o R, B9Py —
¥ Fe —/KEbgk 2 v A K, KEML Pu® 3BEDKF%
£ L T Ca-DTPA Lotz it Lz,

2. EBFik

a, ¥L—Lh#

&4+F DTPA i aminoethylcellulose-DTPA  (AEC-
DTPA). AEC-DTPA oxidized with periodic acid
(O-AEC-DTPA). amino-propyl silica-DTPA  (Si-
DTPA). dextran hexylamio-DTPA (Dx-DTPA).
amylose-NH. PEG.NH-DTPA (amyl-DTPA). alginic
trien-DTPA (alg-DTPA). polyvinyl alcohol-DTPA
(PVA-DTPA). polyethylene glyclo-DTPA (PEG-DTPA) @ 8
B, S6E2TFDITPAOHREKBEOBE LT
Ca-DTPA #{E/ L7z, BEIX. Si-DTPA0.12mg/ml.
PVA-DTPA 39. PEG-DTPA 13. Ca-DTPA 18.
3T 12mg/ml & L7,

b. *Fe- KBk v A FEHK (Fe-anA RK)DH
223

Priest b O G HERETOEEZMALUTOBEY ARL
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7z, °° Fe- #{k# (NEN ®) o 05M HEEBEKIZ 2 %
(W / V) $E@kERK 05m] 2% =%, WBEkad
TR LB HEEKEMZ TKBEHFEaa A FEERS
¥, BEEB, 2% (W/V) F¥FA I Taag R
PRESETRE KT BN 2T > CHA 425
ELe, FNVa—2A2EMLTEEL L, REKE L.
¢, 29 Pu-®® Fe- kb2 u A FAEWK (PuFe- = n
A4 F) ORK
% Fe- /K& = v FOREE L ITERBRIC L THRER
L7, & Pu (11kBq ) R & 0'° Fe- # 1k &
(348kBq ) =& emmRICE AR E A, ﬁﬂ?ﬁbicﬁi‘
LIEAK3I ml M CEREFTZa 0 A NiT, BE{LA
L LT-‘fﬂPz Mo vEMAZ, Fa—Aick D%?E}: L7,
. JKERL Pu I OFRR
ﬁéﬁ’é Pu ® 8 NHNOs#% #% ( 54MBq / ml ) ¥4
0.INHNO:E# Iz 7R L NaOH &##% © pH74 IZ5RE L T
KL Pu R EREE, ¥IF L TRELLI V-
TEIRE Lic, BMEEDES an A FEHRL, 2u(
1RBEPzuA F2ELE,
e, AM O[EX
A ARZ RIS v b (3~50AH) oNa ' URE
BT TFe 2mA K, PuFe- 2mA K, K#Pu %X
EREFEEICIDMi~BE L. 24 BER%. KB Pu iz
ONWTIRE B2 72, 144 BRI SRR 217V AM &[5
WLz,
f. #2°Pu., *Fe HiHEDOEE
B L7 AM 24 — 22D MEM (EMEM) #ifi%
B TR L THIBREEICHE L Pu. *° Fe 2&
L7210 %4 1R ME % &1 EMEM Sz BEE L 96 ]
<A 7 mn7Lv— Mz 5X10'/ 02ml / ROEETE WK,
5% COLMTF3INCTA vFax—yarLiz, Fez
U/( FOEAEE 8, PuFe- = wu A N, /KE{k Pud
AT 3BEHERIZ 02D T 4 N E —FFEBRLTF 2 —
7 (’7/1/ 57U —C3) 2EALCELLERKEE
Bz, LiERo Pu OMHEREREY Vv FL—Yarh
7 & — (1219RACKBETA), ¥ Fe it — bt =z v
r—Hhw & — (Gamma 5500) TENENERILTZ,
— L 0.2 % SDS A THEME L, RS REEE
BL, UTOXL WRHELEE L,
RERIE_EVE T OB RE

W (%) = X 100
- FL— DRI EENDBKEHE

HER

a, fopaEEtE

F L— MRIOEBE T AM x4 2 stk s aRk
Bl Lz, Rl1ipRLEZ XS CaDTPA
1.8mg / ml. AEC-DTPA . O-AECDTPA. Dx-DTPA.
algDTPA . amylDTPA X ZhFh 1.2 ~ 1.3mg / ml .
PVA-DTPA 39mg/ml. PEGDTPA 13mg/ml
Si-DTPA ommﬂmwﬁm,kwf$&%®im~
96 % T, ML+ 3BT EA L RN 22T,

b. Fe-zuA FERVIAAL AM 50 Fe FH

F 2R LIS IZFe- anA FERYVIAAT AM 2
LSHMODEHET2B %D Fe Mt ani,
Ca-DTPA1.8mg / ml HET Tid 3.6 % DRt B b k.

£1 AMARRINT DX L— MIORE
¥l — A ERE(%)
M 91.9+£3.3
Ca-DTPA 93.3+0.8
AEC-DTPA 86.5+1.3
0-AEC-DTPA 87.5+2.2
Si-DTPA 93.3+0.8
Dx-DTPA 96.0+1.2
amy 1-DTPA 81.3+3.5
PVA-DTPA 86.3+3.1
PEG-DTPA 90.9+3.4

EHNCEBER R P o7z #9520 % O B H HE D0 A A3 A
b, ZHhikHLESFFVv— bR ZEMLUZET
CaDTPALLEDOHE BB bz, AEC-DTPA .
O-AEC-DTPA TRENEFNMRD 65, 53 Ficfti®
ML, alg-DTPA FEHE T TIX 1034, Si-DTPA T
B B EOBREEENEDONTZ, ZhbD0HEIT
CaDTPA ¢ B L TH 4~ 12 FlcBYE T35,
Dx-DTPA . alg-DTPA iz >\ Tid i RE IR A B/
Polz,

%2 Fe amA FEIRYRAAEAMS SO Fe fiihic
HF D% L— FEIDSE

¥v— bA B E(%)
o K 2.95+0.52  (100)
Ca-DTPA 3.60+£0.05 (122)
AEC-DTPA 19.2 +0.23* (651)

0-AEC-DTPA 15.7 £1.4%  (532)
Si-DTPA 43.6 +2.4% (1478)
Dx-DTPA 2.16+0.68 (73)

amyl1-DTPA 30.3 +£0.44% (1027)
alg-DTPA 2.21£0.41 (75)

(OMNEZEL00E LESADE. * P<0.005

¢, PuFe-zvA FERVIAALIZAM 26D Pu. Fe
FH

1) 2 Rliauf R2OFE WV anf Rl tan
A R2OEERFTDI0kDa L TOEIEERD L, Tud
R1B47 %izRtlang RF2R833%TauA N2 0%
EERBOOEAGITHY, anl F2EBESELET v
N DR OB SIS EN 52 Pu 0EEEan
AR1D2]1 FEL, MIBES & REELEBRSIEEN
BB PuDEIEIZanS F1D21 <. MEBEES L%
B EE~DODFHOLRTIZ62ME TREEDS I 1 A
FAAMIZERYD A ENT W (E3),



#3 PuFe-amA FERELLT vy MEEHEEDD Pu
paxiil

BEREEEND g

WkDapFoME MEES ¥ SEES/ L®
a4 R1 47.2 3.4 16.0 0.21
A k2 3.3 7.3 5.7 1.3

BEGRE VEPuRLH S ZMAEHAETRLE.

2) 2uA N1iZxtT280%  BRERIKEL DT,
auA R1EZBRYVRAALE AM2A50P°PuBL U Fe ®
BEIBREOMHRBIIMBTRENLEFRLLL, 1L13%T
FRETh-TZ, LBL, FL— b EIORHIZITKEIE
WA RBbHIZ, Si-DTPA LSt D F L— AR DWT, W
FTHLPPu &% Fe OHE %832 & Ca-DTPA T
BPuoFN 4l FEVEEREEZRL, BoFFL—1F
BT LT3 EBVWHREZRLE., ®Puit>nWTRS L
Ca-DTPA . O-AEC-DTPA . PVA-DTPA TEHhEFh
113, 117, 23 % TPVA-DTPA X Ca-DTPA X V&
WhitHE#E A2 R L, O-AEC-DTPA T Ca-DTPA L[F#E
BEOSRPBH LN, MOF L— bEILIEBO 4£LLE
DIEEZREER Lz, % Fe Tid PEG-DTPA @ 15 &%
5 PVA-DTPA @ 13 £ TOfMB THRERER A BN,
—75. Si-DTPA 13% Fe O Iz L TORBEBHS
nic,

#4 PuFe zwmA FERVAAT AM 5 50D*° Pu,
¥ Fe iHIcH T2 F L— pRIOFHR (2mAf F1)

FV— A 239P u S HER(%) 59F e [HI#E(%)
o R 1.15£0.62  (100) 1.13+£0.26  (100)
Ca-DTPA 11.3 +£0.71%* (983) 2.6840.18% (237)
AEC-DTPA 4.54+0.41%* (395) 2.5940.37* (229)

0-AEC-DTPA 11.7 ®£1.0%* (1017) 5.0710.24%% (449)
Si-DTPA 1.1740.41  (102) 4.29+0.37%% (380)
PVA-DTPA 28.3 £0.35%%(2457) 14.9 +0.727%(1319)
PEG-DTPA 6.97+1.0%% (606) 1.78£0.16  (158)

(NREZ10L LEEE&OME. * P<0.01, #* P <0.005

%5 PuFe =n4 FERYVRAAL AM 5507 Py,
% Fe fUHICHT 5% L— MEIOZIR (2u4 K2)

Fl— M 239P u (%) S9F e BHiE(%)
N R 0.24£0.07  (100) 0.03+0.02  (100)
Ca~-DTPA 0.441+0.05% (183) 0.09+0.02% (300)
AEC-DTPA 0.24+0.03  (100) 0.09£0.01* (300)

0-AEC-DTPA 0.52+0.03%* (217) 0.20:£0.04%* (667)

0.07+£0.01  (233)
~ 0.42%0.027%(1400)
0.03+0.01  (100)

5i-DIPA 0.16%0.01 (67)
PVA-DTPA 3.66+0.50%%(1525)
PEG-DTPA 0.36+0.04 (150)

(IR E1002 LEBEOHE. *+ P<0.01, # P<0.005

3) muA F2IExT B4R K5 IRLIK D ITESE
EOB IR F2OHAE, 2a( F1OHELIEL
TRELRZ oL AR BOP Pu g A® Fe XV &
MofeZ k. % L— MEIIC X B HIEIE A Fe O 2K
EolZ LThB, Tbb, 2 Pu ltktd 5 KR
tx Ca-DTPA . O-AEC-DTPA BEhZFARED 18,
22 Th ol DICHEEL TP Fe TIZ30. 67 Tho

7o SiDTPA X Fe izt L TOALYENINH Y
PVA-DTPA Titx®°Pu L Felzxt L TRIBEDSE %
KLz,

d. KEL Pu 2B VAATE AM 26 D2 Py H

1) BEEDOEVKEEL Pu lzx4 5508 © KER{L Pu
EEELT24, 72, 144 EFE#ICER L7 AMAM24 ,
AM72, AMI144) @ 3 B E THIE EN B2 Py itk
BTEFN12. 29. 56%T. PuRSEHOBEMRE
Bz bRVEM L (£6). AM24 Tik CaDTPA T
42 %I HEEAEML, BRLEESFFL— bIETH
FERKHBREEEZRL., HHEEIZ1636% Tholk,
AMT72 D551 Si-DTPA DAt O H =R IE 3.6-7.1 % D4
B TR IEESENRE 5, AMI144 Tk AEC-DTPA .
Si-DTPA ZBRENVWTHNOLIELBD LTz, HH=IE
1713 % Th -7z, AM24, AM72. AM1M4 ¥ d
Ca-DTPA & bEEM I -T2,

£6 BEEOEVKELPuZRVIAALKL AM»560
Pu 642 % L— MEIDOBHR

P uf5H0RE
EJVERS | 2 4 W 7 2B

14 480

N B’ 1.22+0.06  (100) 2.87+0.14  (100) 5.56+0.34  (100)
Ca-DTPA 4.16£0.10°% (341) 7.1340.30%* (248) 13.2 £0.40%* (237)
AEC-DTPA 1.60+0.16% (131) 3.58+0.12* (125) 5.73+0.25  (103)
0-AEC-DTPA 3.39+0.13%* (278) 4.09:+0.05%* (143) 8.5240.13** (153)
Si-DTPA 1.56+0.07% (128) 2.53%0.07 (88) 5.70+0.32  (103)
Dx-DTPA 3.21%0.22%% (263) 5.48+0.61*% (191) 13.0 £1.51%% (234)
, alg-DTPA 2.58%£0.15%* (211) 4.69%0.60** (163) 8.95+0.51** (161)
amyl-DTPA 3.59:+0.10%% (294) 4.83+0.127* (168) 7.74+0.45% (139)

()HRE00L LEBSOH. § P<0.05, § P<0.025, *+ P<0.01, #+ P<0.005

2) BEEOEVWKEL PuicxT588 : AM24 .,
AM72 . AMI144 OHHREFRBTEAFNL031. 1.2,
1.6 % TEEEDOEHVKEL Pu T Pu 5% 0OERME
Bzl bvEMLE (7)., amyl-DTPA 285% L35
BEL<. 2T O-AEC-DTPA . KIZBHERDEP -T2 D
. Si-DTPA ThH -7,

KT BEEOCEWKEBALPu ZRYVYAALFE AM 2560
Pu Hizt4 3% L— FEIOZE

P u 5 S0 R
FlL— A 2 4 K1 7 2B

168KH

1.64£0.09  (100)
2.36£0.17%% (144)
1.5840.06  (96)
2.36+0.09%* (144)
2.46£0.14  (150)
1.61£0.11  (98)
1.4840.05  (90)
3.20+0.25%* (195)

¥ R 0.31+£0.04  (100)
Ca-DTPA 0.53+0.02° (171)
AEC-DTPA 0.45+0.05  (146)
0-AEC-DTPA 0.65+0.01%* (208)
$i-DTPA 0.59+0.09% (181)
Dx-DTPA 0.60+0.06% (195)
alg-DTPA 0.55+0.05% (177)
amy1-DTPA 0.83+0.07* (268)

1.22£0.07  (100)
1.65+0.01% (138)
1.84:+0.11%* (151)
2.29+0.09%* (188)
1.75£0.09%% (144)
1.59£0.18  (131)
1.3740.06  (112)
2.43£0.03% (199)

(RREL0E LESAOM. § P<0.025, *+ P<0.01, #+ P<0.005.

4. BZE

Fe- zwA FARVIIAALIE AM ¥ L— MEIFEETF T
8 WM& T 5 L AECDTPA . O-AEC-DTPA .
Si-DTPA . amyl-DTPA T&EWHHERED b,
WS AM OAEFRIT 81 ~ 93 % THEMEZED bl
WIREETH Y MIRSEIC L B Tid e <, BEA Lok
PMEESNTER LR SND, FRLEESTFFL— b
Alizix, Si-DTPA . amyl-DTPA. O-AEC-DTPA .
AEC-DTPA TR Eh 013, 25, 30, 124pg/ml®
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DTPA &£, Si-DTPA o 3Ll T1/
200 UTFTHBZ L, £, Si-DTPA ORI AREM TH
FLLTEELTWAZ ELbox L— I LIXEA
HWENRELDZ EVHERNENS, Si-DTPA Tk Sikck
D AM BiEMHLEND Z L2 X VAN TORELHE
WENTzizdiz, IZE~MBEESRERELS H bz LD
LEZBND,

K2 PuFe ~awvA FOBEED Pu & Felzxt+ 527
DFEWVZONWT, auA FlEandf F2ENFRDOETF
FRITREL TNV, ua F1AKEEP CERME
ETHIORILIvAS P22, IEBEMAIC—EILEE
LT %, ZhPbARTHLRFEOEVWTIHLNTHY,
JuAf F2IRERERZIEanS FEZELXARWAZ I Tk
uA F2eLlTauf F1ERBILTZ, MBEEHRIZIBVWT
FIRESCEET D Pu OREREE PO Pulks¥ sl
BhRauaf F2THREHEFENWI LS, oA F2H

AMIZERDIAENRTWI LERLTWD, (X3) ik,

3 EERT I TR E D Pu 0ElAEans R
1K 5REEL, auf F1IAFEIELERRLTWI & 2R
BLTW5b, Fe Tiabiz@EWWAKRELL au A F2TiE
guAf FLIELTELIABELEhIZ<VW, Puk Fe
DEVWORERRIZAHTHEB, Fe BUETRTHDZ &
DEPTPuFe—2aAf FRiEF ¥ Y7 —& LT Fe D&
ERMERELS EENTNEZENELLRD, FL—1
HOMDOEPEHRTRKEREWIEZ, Puit oW T
Si-DTPA A F L — FHTana A F 128305~
2857 %, z2aA K218 100~1525% &, BEERF W&
MENFEL 2Dk, Fe Tk Pu L BV EEEDEN
BRIz hHE DB LRWE L. Si-DTPA 13 Fe O
2t LCORMEENR B BN EATHB, Si-DTPA #
Pu izt LTHEBZ2VEARSOWTEDRERRARHTHS
28, Pu & Fe g4 3% L— MNEIOFHRDE VNI, #I8
HTHEL SN OMBEN TOEEREDEWZL DD
phihiev, Feld 7=V Fr AL TN
N, Pubrv=zlFubHEaToLEADNDGY. 7=
Y F o — Pu DEEEICIE Fe i b5 & 5 i ok
BLERNZ ERRESRTRY., ZhPREEXL— b
FTHd7=2Y)F & DTPA L DOBTPu. Feizxtd
DA ETHIRIZENE L X L— MEIOZNSIDE N E
LCHAEEEZBND, —F. KEL Pulz oW Tid.
Pu#5% AM B E TORMBEL 2B LR -T
AM O 3R THE SN D Pu DEI&IE. BEEDS
VWKER(E Pu . BEEDOEV PuoWTFRIZBNTHEL
720 BRI & HICHIFE N FTIR(L ST L TN T & ZoRmed
53bD0THH, X L— MAOFHRIZ DN TIT,
AM24 . AM72. AM144 W»FHIZBWTH Ca-DTPA
BEOLDEIERL, BEEOEWAKEIL Pu TR
amyl-DTPA 28 Ca-DTPA LLEDZR &R LI, &
LUTIRERERE L in L — FRIOBIRIZTEL< 2 A ER
BHROLNTE, Zhid, PulBRETHMOEETOXFL— b
KIERPRNTH D LT 2HED In vivo EROKREE
XETHLOTH D,

5. fE
DTPA 0% HEsmA2 BIE L CHELLEEXDESF
DTPA iz 2>WT, Fe & Pu k3 2%8% in vitro R T

CaDTPA & lh#mi L T& 7, FeixxtL Tt
Ca-DTPA LI LOBR B EBD i@ s+ DTPA # 2,
3H o7 Pu izt L Tik Ca-DTPA LU EIZEIRA 2L D
BEEAEROPLE, ABFFEICBW TR, PuikifL
Ca-DTPA A& LB TH D L OfEmIzEL,

(B) Ca-DTPA BA%EIZ & D4Ry

Decorporation of * Fe and ?* Pu by the Inhalation
of Ca-DTPA

The inhalation of Ca-DTPA is effective on the
removal of * Fe and ?*® Pu. On the other hand, it was
not shown by the intraperitoneal injection. The
urinary exclusion of #*?Pu was 100 times of *° Fe in
content. This may be due to the difference of
characteristics of two elements, but it was increased
about 3 times of the control in both ?* Pu and % Fe.
The inhalation was carried out by the neblizer on the
market, which is very convenient, and it confirmed
that the inhalative Ca-DTPA is effective on the
removal of accidental inhalation.

1. #E

ERIZTAKR XY EERIICERY AT RFR TS
BOBRERELEL LTE, MkdEoMiz: L— blic X 56
ENREBZOND, B TIIF L— MIZEERFEEIC
FORH~EETDE LT L VREDRENELND Z L2
ELk, LrL, BREAE2EET D LEENBEEILE
RENTHY, EREEZERLILHEEORABRE BT
DORFICIZLUTOATRAENF L TWE, 1) EREH
HIZ L DBEMNAEE,. 2) BREREROESFRE. 3)
HROFFHEPIETE S, AFETHHRENLTHDH
EhoRMBBALEERZFEH L TRABREEOZREZ T,
BEET CORA DT RBEI DWW THRE Lz, in vitro B0
BREOEBLERL THREEBERT L U KB an
A FEBIRLUIS, ERICFERTEENHELLEAICE
EEINDIEREETHD PulldBEE TH I L XER
ENHENS R D Z L SRTFHROKEME Pu itd 2% L—
KR ARE- OMEIZONTHRE L, $H &7 -7,

2. EBFik

a, ®Fe KBk v FEBIUKEL Pu Dy

(A) 2. b. BXUd, 12X VABLEYFe —/Kkig
bk v A FRIUVUKERL Pu 2o U HEE T TEEA
WEHEICLY 7y Mililcgs Lz,

b. Ca-DTPA DR A#KSE

¥ Fe —/KEME$E = v A FRIUUKEML Pu 2851,
MR EERNC £ D EIEEILE S OWHPE S KT T3
2 HE» 5 Ca-DTPA 2B AL Uiz, FEERKD 10 %
W/ Yk L, BEERXT 74— (b
NE-UL2#) Txz7un YAk L 1E 154, &2 Eerg
FEL (M1), CaDTPA O#EDHEMBELTT
mg / kg ZIEIENES L,

c. B EREER

Ca-DTPA B AR 5-BAA1E. FEIRITE 3 — 4 B4 BT
L. PFe#% 581330 RE. ® PuR5EI 38 A BITK
mEH%. BHEE2FEE Lz, BN OREFEEE
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R lzoONWTHRA— T2 F—F T —iTkh®
Pulz oW THRBRRRALEOE £, £, BHIEIIKICEEE
L7 oL kRBOBESBICER LEEYFL—a by
vE—I LY ENFREHZER L,

BRERG

Ca-DIPABDEE : 10%(w/ V)
R 1TL/m 1
T7aVNVEE:0.Tm 1 /5
RFE:1~5um
RERR : 155

-

RIS A4 Y—

E1 DTPABRAHS O

FRACTION OF IBB (x10™%)

o—n BEENERES

FRACTION OF BB (x107%)
[\ ]

26 9 13 16 20 23 27 30

DAYS AFTER INTUBATION
M2 PFetts5T v MR HERIHEDOERARL

%8 Fe auA F&HELLETy FOBBIHITHTD
Ca-DTPA %%

G 77 ¥ i i3 ® " PN

N B’ 87.1£1.71 2.60x0.29 0.04x0.01 0.09£0.03 0.04x0.03
MEEARs  83.2£0.76 2.32+0.13 0.03+£0.00  0.03%0.00 0.01+0.00
BARS 88.61k1.21 2.31%0.16 0.03+0.01 0.04:£0.01 0.01£0.00

%9 Fe-zanA F2HE5 LTy FOBERIZHTD
Ca-DTPA %%

R #
Rt/ H MghttE gt /H

S 77 bose Biie

PO 0.10£0.04 0.005+0.001
BEEREES  0.0820.02 0.003%0.001
BA#E 0.28+0.05° 0.013%0.003

5.59%0.79 0.20%0.03
4.25%0.21 0.15%0.02
5.28+0.49 0.19+0.02

$ P<0.05

3. BR
a, ¥ Fe DENAH,. PRtE~DZHR

KB BHOSHBE~DOERRII®Fe Xk 52HED
EANBREELY 100 % & LB E 87 %. FF26 %. M
0.04 %, B 0.09%. KBEE 0.04 % T, KESHBHICE>
TWiz, fifi. BF. Bz oW Tik CaDTPA B EIZ L 5%
BIIEONT, B, ARBRETREEERRDLN P
B, BEIBMETTIEEANRBO L (KR8). kit~
DB DN THRD LEIITRENTZ L D ITE~DOHEIZ
12 Ca-DTPA ¥ 51 X 2 E B 2ol Eio, BEEA
BERIHARPEMBEML RN o, L1,
Ca-DTPA BAHEIC L Y RP~OHEIHEK 3 iz @mL
Tre Thbb, BAREI LY 1 AY Y ORPHEIEERD 5
BB 0.0045 %75 0.013 %Iz, JAZ LS 28 BFEOK
HWMETLIBO 010 %75 028 %iz#EmL iz,
Ca-DTPA B AHSIZ LD RPEHEOELER 21T/R LT
B, BAHRER 24 BEOBREREL Lo TNDIDRED
"B,

b. P*Pu DERNSH, PRE~DZIFR

Z10IRLEZLESIZ®PuiHE LTy hTERE
BABDII~DOHREEIIZE 2ABDENEREED 2] %
A L, Ca-DTPA WAL TiT 20 % THER L ZEIL
ote, Ll Fr6E2F~0OBT, JEIcERRED
N7z, Ca-DTPA BHEHOF~OHEEIL 15 %ITETL,
B CIIEESEBII R oA 0 %IZETLE, B XKBE
TIRREFNFRRBO 37, 22% B> TWiz, EF~0OH
Wz EEITIZ LA TED bR d, R~0RHE
228 B mML, 1EY Y OFEHTHELTH 27 F
BEWHEM R AR L (B 11). R 3ITIFERP ~OFRHED
BlErL,.

£10 KEELPuzEELLET v FOBBOMICXTS
Ca-DTPA B AK LG DFHR

WETTE B i " L REE®

A OB 21.4%2.53 1.18%0.32 0.040+0.022 0.15 £0.024 0.45 £0.10
Ca-DTPA  20.0%4.35 0.18:+0.011° 0.016:£0.010  0.056+0.003* 0.098:+0.012%

$ P<0.05, * P<0.025
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#11 KEBLPuzHELELT v oIS
Ca-DTPA BA# 5
s #
hite /g BifE

g 77 ¥ Hbkt st /g

PR} 10.0£1.14  0.28+0.032
Ca-DTPA 27.5+3.15% 0.76%0.087°

58.1+3.09 1.62+0.086
50.3£2.48  1.40£0.069

$§ P<0.05, * P<0.01

dr% }'W—M}k‘“*

FRACTION OF IBB (x1077)
o

o NP

Pty f 4y f'f'f KNS
. e
l oA  WmARYE

310 17 24 31 3B
DAYS AFTER INTUBATION
K3 PPufbETy MIRITAERBENMORERD L

4, BEE

5 Fe DIEPBIRIZOWTHDB L, CaDTPARR LB
BITIZEA LRV, 1 HABITRBNTHII~DORE
1187 % EEABVWERERERLTBY., 25 ~0BTH
B, SHIMNETETHED, BE L7 Fe 28
BRIZITFESNES~BITLIZ WeELDNRS, BfTL
725 Fe Do Fi % BB L IF~DBITRNEZ NN Z LI
BRAT LT Fe i3+ T A F R Tk < Sk R
PFe bBARICEENTNLBHF~LE LD EEZ
biLd, —F., HEIZ oW TIZRIZIAREA~DOPE R 3 H
WHEA~OPEITI N 2 AT HRBEOIENC2 B BLED
SHEPE T2 VT T AENBRERHY ., Thb
D E LRI LOREENTLbLEL DR
5., DTPA #5FORPHEM A LEKT 2 L EREAKET
BRIV DI LIRAR S THI 3 fF O BEtEMN A 5
=S, DTPA O 55X BEHROEVBINEICR
N, T7bb, Stather 5OMEITRENT L H I,
W A5 T35 Fe OFEET DM RATIZ —REANIZIHRE L.
B MIETIIBTT 5 I BIRNES (EERRE b
& & A CRREO M PR ORICEREHEEIZ K
HEBEMNMETTEZ LR —ED LIV ERHE S R

N5, ZOECHBRPPEEROBEME LTRBENZ L E
2 bbb, 2 IEREROREBZE/ER LS, BAK
524 OB SR BE S N, X5 T2 % ToHE
M HEES N DEAD L. BIENERETITIELA LR
o ~PEE ST LU E 9 24 BOARGE bSHE M EE L T
5 EBTFRBENT,

Pu DERNZAEIZDVW T 38 B %D ~DHRERIZ 21 %.
F—FIERERP TN I6 B ETIE3L % Th o, iHER
Pu0KEANBRETIZITAET3L %E0RERDY,
B Pu NP CKEL Pu it BT 3 L2 BET D&
AFETORRIIZOREIZTIEEEHTH., Fe30R
BOM~DBEZRNET % THDDIZx L Puid2l % &K
W, {LEFREBRRE—TRWI ENRKERFEREEZHND
2. PudFe &RV MLEFLETRNLDITHBEH~T
BENILL, £F~BITLLSTWED L LEZBNRS,
BT L PuDBSBIHERD L, Felokaizgni
HDHN, KEBE~DEZEEMN Fe T0.04 %, Pu
045 % TI0EDERD D, TNt Pu» bone seeker &
WHND L) IFIZEE LT VW EERBLTND, #
REEMIZ SOV TIE Pu. Fe BB TENEFN 68 %,
57 % & R&ERENRDY., DTPA#HETT8., 56%& Fe
THEARLSPuTI %odEitEmR A bR X 51T
DTPA X Pu it L CRREBERENS IR SN, F/, in
vitro T Pu 2% L TOZEBENT L ARENTHA, in
vivo THFNREMIT AT,

5. fEm

Ca-DTPA DBARHIRORT TAF—2ERL, 15
STy NCEFBETHIZ LITLVITos, KEgfk
Pu @ & 5 i2E{k Pu & bl U CHiRA eTAME ORI F IR Pu
Wk L CIRRIEBED bz, EHIZL2FBIZBNTIE
WREHENRT AR IBHRAS LT LLEEIC
LARALRY, £EFEBEFEL VYRGB ENFEEE L
LNADTHRIFZESIENEEZEZ BN, LinhEgEn
FEERDOTHBERORE N TERELEECHETHS
Z b, BEISHEOEm»S b9 IlERE S LB
D, :

(FgEsE]

1) £ FL— ML 286NEBREBORE. KK
a2, 33, 386-387, 1990.

2) ki ESBOFL— Atk BBV L, £ 21 A
BEHY RY T L TR-FREORA L ZDEMIE
FOFRBBE, HCE (NIRS-M-78) - pp.222-228,
1991.

3) Bulman, R. A., Sato, H. Takahashi, S. and
Kubota, Y. 3**Fe release from alveolar
macrophages by macromolecular forms of
chelating agents. J. Radiol. Prot., 13, 127-133, 1993.

4) Sato, H, Bulman, R.A., Takahashi, S. and Kubota,
Y.: Effects of macromolecular chelating agents on
the release of ?* Pu and *° Fe from rat alveolar
macrophages after phagocytic uptake of #°Pu-*
Fe-iron hydroxide colloid.

Health Phys., 66, 545-549, 1994.
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3. WNERHEE Y 2 7 OIEBYbIC B3 DI
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BH 2, REBRE (BT < BF9EEm)
Hsieh Yuyuan (FEBSEELEGYITICET)

Effects of Chelating Agents DTPA, CBMIDA, and Calcium supplement

on Removal of Plutonium, and the Assessments of Their Toxicities in

Experimental Animals

Satoshi Fukuda, Haruzo lida and Hsieh Yuyuan*®

Division of Comparative Radiotoxicology, * Shanghai Institute of Materia Medica

In this study, the overall assessments on toxicity
of DTPA (Diethylenetriaminpentaacetic acid) were
summarized, and the effects of new chelating agent
CBMIDA [ Catechol-3,6-bis  (methyleiminodiacetic
acid) ] on removal of plutonium and its toxicity, and
calcium supplement to help the Ca-DTPA effect were
examined.

The overall results obtained from our many
toxicological studies on DTPA concluded that the
recommended human dose(30#nol / kg)of DTPA has
very low toxicities but the devised administration
routes, such as intravenous injection of Ca-DTPA at
early period after accident and the following oral
administration of Zn-DTPA for a long term treatment
could lower the toxicities, in addition to raise the effect
on removal of plutonium from body.

The effects of new chelating agent CBMIDA on
removal of plutonium were higher than those of
Ca-DTPA and Zn-DTPA in bones, and almost the
same as those of DTPAs in liver of rats. The toxicity
of CBMIDA was almost the same as those of DTPA,
rather lower than the intravenous injection of
Zn-DTPA. Therefore, CBMIDA can be regarded as
a most beneficial chelating agent to remove plutonium
from human body.

Pre- and post-supplement of calcium-oxide,
showing high calcium absorption from small intestine,
against plutonium intake, had beneficial effects to
decrease plutonium deposition and help to enlarge
the effect of Ca-DTPA on removal of plutonium.

1. %8

TN b= AOERBERIZE S NEEROEEY 27 %
EHT2HEL LT, BREDHRPENE SNDEMFL—
+# DTPA (diethylenetriaminepentaacetic acid ) @
ERAMERENTWE, L L, 2OFEMCELTE+5

RESHOFMBPELNTELT, REPEL S LTV
ZIRNZ b, ELEEVBRESRER,IOBEEOXL—
FEIDBIRPLEEN TV S, :
AR TIIRAERS TUREYEENLREAL D, B
BIFCRBWTELNZRRE 2 bE T DTPA OBAHIA
HEMHEM., BLXUHLWF L — kA CBMIDA
[ Catechol-3, 6-bis ( methyleiminodiacetic acid )] @
Pu ODBREHNRE L EHORE,. BLU DTPA OBESRE
DFEEEEFESELIZ >V TRE L,

2. WEFHE
(1) Fv—rHlOEM

@ Ca-DTPA . Ca-EDTA 8 X0 CBMIDA D # R
FILL 5 —RANBEEBIUVEEEE2RET I DT,
E—7NAORKIEE ISP, CaDTPA .
Ca-EDTA 8 X U8 CBMIDA ( 150 #mol /kg) %
0.06-0.08ml /s DEE THMRESH L7215, 30, 45. 60
DBIROLT, MEROIAL Y ABEZRE LR, #
D%, FEOEFLV— 218 1H, 1 1ABERELT
BARES Lz, 50, 1. 2. 3. 4B®BIBRLETV.,
GOT . GPT. ALP. BUN. Creatinine DB E %
Tole. Tz, BRE~OEEBERZTIDIZ, T
ATV a5 L TEZEERMEZT o1,
EBRKTRICENLT, TEBREBIVCBEEEERLE.
EEBORBIINT 7 4 VEE L REEAEAZERL
TiToTe. BORBITIEPRIKABRREARZ F VI B
ZE > TroTe,

CBMIDA % E 8 % bt £ % 9 BF 9 F7 @ Hsieh
Yuyvan itk » T, &k L—LrAITH S

(E1),

@ Zn-DTPA PBENBER ID2BEEMHERRETEED
2. E— 7 VR 8EEIZ 30umol kg, 3 FEIZ 150 1
mol /kg. 5FEIZ 300umol kg% 1 B 1[E. 14 ARE
i s Lz, EROLFA—DOFETEERZEITV. BFE
HPEERVWTRE LR,

(2) CBMIDA & DTPA @ Pu BE#2 O HBk



Fig.l1 Catechol-3,6-bis(methyleimino diacetic acid)

CBMIDA
CHaN(GH,COOH) 2
HO"
HO
CH,N(CH,COO0H) 2

Sw b (3HAE, ) 20 EHZHE Pul.8 x 10*
Bq /keg) 2 #IR&EE Lo ki 48 (SH ) ot
3EITITI CBMIDA . Ca-DTPA. ZnDTPA ®DE#NFE
150 umol ke# 2 BRERE L CEBENEHN Lz, &Y
D1 PutBEL Lz, BERS B — Y TRE
L., 24FpfEXICEREBER LIz, Kg, AFiE. #R
P Pu R, KLU, WMERTHERL TREY VF
vyarhord—THELE,

(3) ik oLtk bmESHEE CaDTPA D
i3S E AL

Sw h (3VAE, ) OB58E. QPuks 1EME
B2 INY T AR ERE LR, QPuREEE,PD
Ny AEREE RS LEE, ©@PukE5RIZANVY T A
FRE & BRIz Ca-DTPA (150umol /kg) 2#E5 L7z
B, @ CaDTPA (150umol /kg) &@HEOFRE L &S
L7cg., @PuxtlB (@Eofe+ks) Bicaid, #
5 LUT-REEE Pu &3 1.8 X 10°Bq /keThoTe, W
vy afAkhiZ., AR S EBER L CHEBEI LY Y A
(1%) Z@Eo@RHIIMADREBAINVY T A EANRBZ
THER L, BYOREBLIOKBE. Tl ZR$O
Pu BB, £5% (2) LR FEERVWE.

3. R
(1) Fv— MHIOFEM
v — 2Kz Ca-DTPA . Ca-EDTA. CBMIDA %
ST OMEE THIRES L%, MBI v T LEBED
TITRD SN oTe, 10 A EEGHRESFES Lz
R BEMEUSOBEZEIZRWT Ca-DTPA 5T
THEEOFERKL. GOT . GPT . BUN.
Creatinine ® EH»#A b#/z, Ca-EDTA # 58 T3,
BT mrbhirolz, CBMIDA #5658 T,
GPT. ALP. Creatinine ® E&¥H Nl TXTD
BT, BEO/NNBHEORM L Y 5k 0iRiE, D&
PLRAIED ) BRI, FlEOEER BRI,
BEEEBRBLZER. CaDTPA. CaEDTA.
CBMIDA #R# 588 L ' Zn-DTPA OROBEEFHOW
FTHRIZBNTH, BESEREBICELZABN LRI oT,
CBMIDA # 5 TIIEFESCHEBIEORFERENEZ L
N, ARLEERCEVREEIITEROREDIDEH
MTEedrole, Zn-DTPA1S0 umol ke¥t 58 TEE
BOEBROBEE LB, BIR(CHEERE I REE O

23, 300 umol ke 5B TIIEBROEMA L BRI,
MmERDIZHOWTIE, Zn-DTPA30 umol ke 58 Tid
U BEOET. Parathyroid hormone BEED L&,
150 umol keg#¢5-3 Cid Parathyroid hormone #E®
BTFRARLNT,

BB L ORIV THE LK DTPA 0FMH %
FEH, BRERIBIOH2IZRLE, Fiz, A~D%E
&hEEFEER 3 ITR LR,

Table1 Damages in various organs and clinical signs
induced by DTPA

RBC{, Htt, GOT4,GPT4,ALP{, BUN}
Zn-deficiency, Inhibition of DNA, RNA synthesis
Ca-deficiency,

Hemorrhage, Congestion,

Blood or organs

(Intestine,Kidney,
Liver )

Loss of appetite, Dehydration ,Sore mouth and throat,
Decrease of body weight, Abdominal tenderness
Nausea, Vomiting, Hematemesis, Melena,

DmrrheaJ Hemafecia,

Hematuria,

Hair loss,

Clinical signs

/ZnDTEA CaDTPA

@
Oral ad 2
\Q\\\\\x\\\\\\ CERREREE \\\\\\\ 4 ks istration \;\/ 7?9

gt e s § &)
Abnormalities of calcium metabolisms ‘-—-——————}

\\\\\\‘&

by Hyp*ocalcemla \ / =5
[Acute !omcxty] Bone
uncnona amageso cnhancemcnt action
cardiovascular system (,
o o :
é‘;} Sub- and chronic toxlcny] x4
Hemorrhage and congestion
QL in intestine and kidney l Qwo
[Chronic toxicity]

LOstcoporotlc bone disorders F—- EJ[
Fig.2 Summary of DTPA toxicity

Late therapy Qe

<< 30umol/kg /day (

B A
Radionuclides radionuclides Heart di
Abnormalities
of calciumi metabolisms
Ca-DTPA Zn-DTPA .
by intravenous injection by oral adminisration

at regular intervals

Fig.3 Administration routes for use in safety

(2) CBMIDA & DTPA @ Pu BREZNRO R
Pu BREBICHTOERBIUVIFBERROWUERR 2K
s Lic, Bizx3 5 CBMIDA O%i%i%. Ca-DTPA
}: Zn-DTPA izlb~T&<, L Vbif Zn-DTPA Li3F
BRERB LN, FIRISHT 2RI, WTh b RBE
TREED 035062 % Tholc. R~ Pu HE,
TATOFL— bR bBBELY LB o, EP~D
PRitiE, Pui5 5 BRETIIBELY L@ ofess,
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THUBELS 2o T,
Skeleton .
100 ! o Liver

P<0.001 B CBMIDA " P<0.001

B Ca-DTPA
Zn-DTPA

80 — & Contro

| Control
@ CBMIDA
& Ca-DTPA
& Zn-DTPA

Percent of administered dose
3
Percent of administered dose

Fig4 Plutonium content of skeleton and liver
(percent. of administered dose) in the CBMIDA,
Ca-DTPA, Zn-DTPA and control groups on day
14 after plutonium injection.

(3) BbA Y T AL DBREDRE Ca-DTPA L
GRS ORR

BALANY T ADOFEAFER LU Ca-DTPA O EH#
B LOMBEBBEOKELZKSICR LT, BRIOEE D
2 Pu OEERIZ, PuBRSiBLUOHBONWTIOREKR
LEME N T T A EEOHRE LGN, PukERIOERE
DEBHEOTH -7z, ZThoD#RIZ. CaDTPA &
FHEELHATELEELLEEY. CaDTPA DHOE
5 X VRO TH-T,

%
100

Skeleton
Liver

@ Controt
@ Caafter Pu

@ Cabefore Pu
Ca+Ca-DTPA
O CaDTPA

80

-8 Control

@ Caafter Pu
Ei Ca before Pu
Ca+Ca-DTPA
0 Ca-DTPA

60

40

20

Percent of administered dose
Percent of administered dose

0~

Fig.5 Plutonium contents of skeleton and liver in the
pre- and post-calcium supplement groups,
calcium supplement and Ca-DTPA injected
group, Ca-DTPA injected group and control group
on day 14 after plutonuim injection.

4. BE

BRI R L OVREEIFIC B W T ESE L 72 DTPA O E MM
FiE, EERERR. RYEERER. SEE. EHEHER
ThHD. EHFBEERBRTIE, ERY v M2 Ca-DTPA %
#5325 & 460umol Skglh LD EE TEIRKE. /MR

BRIE, MMEEHE. WMBRER EDORROFIEAFEIR LI,

Zn-DTPA % 1,080 umol kg E THREIZHA LN ST,
Tbb, Ca-DTPA OFEMIL Zn-DTPA LY L5V
EWEH B, Tayor, GN & (1978) D#FZETIL 30k
mol /kg® Ca-DTPA ##FR— 7 NV RIZEET B &,

EERTHCEENEDOLNDZZ 0D, AMEHERETH
%5 30umol /keThH-oTHLEBRHDWIZZOFEE®ROD
5HM~DDTPA OFELTERWERERL TS,

Ca-DTPA B XU Zn-DTPA 2 E#MK 535 L. £1
IRt & O A OFMREERN D D WITREENIZAS
Nd, ZO—EOHFEIZBNT, Ca-DTPA Ly v%&E
Thd eI InDTPA 28 IREH T2 &, mkHPD
AN LBEMET L, TOBEMED EFPOEED

TLER EOBREZJOEREVRREDOLND b, <IZ
BREFIZE D ZIn-DTPA OB EREEIZITOIRETH
B, ELIHEBEENRELEREDBEBROESRLE
TOHREWITZORWERAR#EATSZ &, DTPA 0¥E
ER L L THEOIGEEARS Y. PuBOyEOE M
TLEI X » THE~OULESENTIZ L. FRRITDHA
RILBEIZ L2 BOMBIERLIN Y T ARBEENEZ D
ZEEHTICERLEZ., CBMIDA BRI UEHREED
DTPAIZ L - TRONIEEBERRRAEHE, BEERED
iz, FERFZ Pu OBREBREERSBNZ 2R T
W5 ¥R S iz,

DTPA oFHICET2HEmE LT, ADHERETHD
30umol kgD EMIZIEFITEVD, L ITEHBREET
IBERRTDIELEREL IV VEER, EHEEICE
Ca-DTPA A HE. FD#%iX Zn-DTPA R O#¥ 5
ZEoT, BWERZ2BRBTE 2 LABREINE, 2D
DTPA OFERF IR, hE TOHREK L > TR Pu
DRENRELEDDI LN TEBEZ LRMLATWVS,

o ER R _ LR ITgeAET L S RIBFgE L7z CBMIDA @
Pu BrERRIZ,. Ca-DTPA BL U Zn-DTPA oW hiz
HA_TH, Pu S22 >BOMRB2FREICEA TE,
EFBOLEDS DTPA LREDOHEEFETHZ 05,
S HIZEMER L DTPA LR%H 5 VT EHB S TIREW
BREEDLECHE T2 &, HEATEED PufliEYR
ERWTREDRENEL, POoREeREEFL— FITH
LR DAY -

Pu OBREFHRITIRAF V- MR TERF L—
BOFRENDS, TOERIEVEROFEBIZL > TKREL
HIREA D, T, WHBREOWREIZ X > THFEARIEA4
U3, ZOEMBRABIZONTIE, KEFY VRO T LAY
Y —2No. 23, 129-137, 1992. T ~_7z, EHEHZOWERSE
BHICL D Pu DENILEREDOED R I OCEMEFRICBT
DBEEME,. S5 Ca-DTPA OBRED L& L EERIKE
Witk (BRS5EL) Z2EMELTHRILE. B{EILL Y
LAOBRIZEMHZEE TIXb R TH B BNERHE~DILE
BIEDHERAR DN, PuRESHINOEILINY T LE
BRLTRBLIVEVWHERR LN HERIZ, B
DU RTIEEMEA RO T Pu Y BVEERIORAIZ &
DERMERDD., TN T ADEET Ca-DTPA
EOPERIZE o T, CaDTPA BskoHE5 X v B
fE~D Pu kBB IEHREEDE, BILILVY T AIZED
Pu OFILERIEOBEMERIL, BREFOEMAEES LIZER
EThole, Lo T, BYLI LT 7 LDRERIT, Bk
AN T LAOBERNERE WD, AFIZMEF~A >
TeANY T LREORRIEETIIEES L. PuoitELRE
ETHedLHEBINE, LiL, BV T LDER
i, BRFL— IO ETLHBFERTHY ., AEH
CREEFLV—MIOERABREETHS, BEAE~DE
RABHEREN TS DTPA X, FORENR LEMLE
EHTAH LN T LULMETEDLF L— MITIRARL, &
LIZEWREDRLEZHEOF L— FRIORTALETH
5.

5. fEw
AHRIZBNT, BAEAE~DERAPHERENLTND
DTPA OFMOREFFM, HLWERFL— FITHS
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CBMIDA @ Pu DBERR LHFE, BILILY T ADH
B BRIZOWTHRE Lz, ZORR, KO X 5 REELE
2% (et

1) Ca-DTPA BX U Zn-DTPA & bz, AE#HEH
BETHD 30umol SkeidFMHITIEEITE, FHER
iz Ca-DTPA # A5, 0% Zn-DTPA 2 0¥
5432 itk oT, BREMRIZIT TR, EHEERT
XHZ LBRBHLNE, LML, ¢ IBERERDERD
DV EORN O H HHBEE T LTI, BSIEL TE
ERMRBPLETHA,

2) FHERF V— bAl CBMIDA @ Pu BREZIFRIZ.
DTPAIRIRT LYV DITE~DOPukERLIZEERD
Baby, BHELRLDHINVZCRBEN ENL, BLE
HipEychsd sk,

3) LAY T AOROKESZ Pu DERNIEERES)
B LI CaDTPA LOBHERICX > THREDHRED
HWANED LI, HREED D VEEHEBRICRBIT 548K
¥ L — hRIOR IS,

(&)

A OHEITIZH Y, CBMIDA O&EB X UMEHIZ
B L THEMMRH IR IO ELTEE £ Lo hERERL
W9 ETE  Hsieh, Yuyuan BHiciE#H W2 LET,
%7z, I International Chelation Conference

( Georgetown University, Washington, DC, 1989 ) @
HE~OHBESFRBRIVAFERREELAREELL
International Chelation Research Foundation BEE,
Martin Rubin f#ticigE#aviz L¥d,
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Studies on Improvements of Protection Techniques for Inhalation of

Radioactive Aerosols

Akira Koizumi, Yuji Yamada, Katsuhiro Miyamoto, Satoshi Fukuda and Haruzo lida

Division of Radiotoxicology

In this series of study, three investigations were

carried out independently as follows;

1Y)

2)

Estimation of dispersal rates for non-volatile
radioactive nuclides under some operations with
experimental animals

The dispersal rates of non-volatile radioactive
nuclides were determined with a view to obtaining
a basic information, which will be applicable to
safety handling of experimental animals
administered radioactive nuclides like as Pu.
Under injection of RI to rats, the dispersal rates
detected during the injection operation, housing
in cages, anatomical operation were the order of
107"/ h. But the dispersal rates from contaminated
surface of animals were very high values, the
order of 1077 per one operation. Air contamination
dispersed from 20 rats administered Pu by
inhalation and animal surface contamination
decreased rapidly, and were not detectable after
2 weeks from administration.
Calibration method for alpha counting of Pu on
an air filter paper

It is important to know the over-all counting
efficiency of alpha measurements of air filter in
radiation protection. In this study, the counting
efficiencies of ZnS(Ag) scintillation counting were
measured for three types of sample as follows;

sample A:filter paper collected Pu aerosols.

sample B:plate source which Pu solution was
dropped on and dried. _

sample Cifilter paper which Pu solution was
dropped on and dried.
Pu activities on each sample were decided by
characteristic X-rays counting. Each counting
efficiency for sample A,B,C were 6.6%, 35%, 6.8%.
Alpha spectrum of sample A was quite different

from that of sample C, it was clear that sample
C was not pertinent as a standard source. These
results show that using sample B as a standard
source causes a large under-estimation of air
concentration.

3) Size estimation method of radioactive aerosols
in air monitoring

New simplified method for particle size

estimation of radioactive aerosols was proposed
for air monitoring. It does not need any new
instruments but a traditional aerosol sampling
device with a multistage filter system. The
method is based on the particle size dependency
of penetration for air filter. Decontamination
factor data measured in each filter stage is
inverted to a size distribution of aerosols. When
air filter for a dust sampler such as Toyo HE-40T
is used, the method can be applied for a size
estimation of aerosols ranging from 0.2 to 10 #m
in which ICRP is interested for lung deposition
model. In a size measurement of '*® Au aerosols,
it was shown that the size distribution estimated
by the present method was in a good agreement
with the distribution by the existent method using
a cascade impactor.
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Filter Decontamination Factor (DF)
Experiment* Calculation
MD =1.2 MD =09 MD=1.0 MD=1.2
GSD=2.0 GSD=1.8 GSD=1.9 GSD=2.0
First Stage 94.1+3.9 89.6 99.3 130.6
Second Stage  20.7%1.1 214 20.2 20.4
Third _Stage 13.9+3.1 13.1 124 12.2

* | Size distribution determined by a cascade impactor
and DFs measured in the three stage filer.
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