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Experimental Study on Long-term Effects of Low Dose
Radiation as a Basis of Risk Assessment

Shunsaku Sasaki
Low-dose Radiation Effects and Carcinogenesis Research Group,
National Institute of Radiological Sciences

This study was aimed at elucidation of long-term effects of various doses of
gamma rays exposed during the intrauterine, neonatal or juvenile period in
comparison with those after irradiation during the adult period. Female B6C3F1
mice were irradiated during the intrauterine, neonatal, juvenile, young adult or
middle-age adult period with Cs-137 gamma rays. All the mice were allowed to
live out entire life span under a specific pathogen-free condition, and mean life

span , age-specific mortality and lifetime incidences of neoplasms were
examined for each experimental group. Using the life shortening as a
comprehensive measure of long-term effects, age-dependence of susceptibility
for long-term effects was analyzed. Mice of the neonatal and juvenile period
were shown to be more susceptible for induction of over-all long-term effects
than mice of the intrauterine and adult period. Temporal variation of the age-
specific mortality was apparently not independent on age at the time of
irradiation. Analysis of age-associated change of susceptibility for induction of
neoplasms resulted in the conclusion that age dependence of susceptibility is
inherent for each type of neoplasm. Mice of the late fetal and neonatal period
were shown to be highly susceptible for induction of tumors of the endocrine
glands. Statistically significant increase in incidence was detected for induction
of pituitary tumors and ovarian tumors after irradiation at 7 days of age with 10

cGy.
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Fig. 1. Dose-response relationship for the lifetime relative risk for age-specific mortality (left)
and the lifetime excess mortality from all causes of death (right) in female B6C3F1 mice
irradiated with gamma rays at day O of the neonatal period.
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Fig. 2. Temporal pattern of expression of the excess mortality in female B6C3F1 mice irradiated
with 0.19, 0.48,0.71, 0.95, 1.43, 1.95, 2.38 or 2.85 Gy gamma rays at day O of the neonatal
period.
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Our previous studies showed that mice during infancy are highly susceptible to the induction of
several types of solid tumors. The present study was designed to elucidate the dose-response relationships
for induction of solid tumors after exposure to 0.48-5.70 Gy of 137Cs gamma rays in the neonatal period
in female mice. A total of 2988 mice were allowed to live out their life span under a specific pathogen
free condition and lifetime incidences of liver, pituitary, ovarian, lung and bone tumors were recorded.
The dose-response curves for liver, pituitary, ovarian and lung tumors were convex upward in the dose
range examined, and were composed of three parts: an ‘initial rapid increase of incidence at doses below
-1 Gy, a gradual increase to the highest incidence, and a decrease in incidence with increasing dose in the
higher dose range. The dose which induces neoplasm at the highést incidence seemed to be different for
each type of solid tumor. The shape of the dose-response curve for induction of bone tumors was quite
different from that for other solid tumors; the initial slope of the curve was concave upward. Dose-
response relationships were analyzed using a model that allows for tumorigenic effect, inactivation of
potentially tumorigenic cells and competing risks. The results showed that the tumorigenic effect was
proportional to the dose of gamma rays for induction of liver, pituitary, ovarian and lung tumors; whereas
the tumorigenic effect for bone tumors was proportional to the square of the dose. A significant increase
in incidence was also found for gastrointestinal tumors, kidney tumors, adrenal tumors and hemangiomas
of spleen, although dose-response relationships could not be analyzed.

 INTRODUCTION

One of the uncertainties in the risk assessment of ionizing radiation is cancer risk after
irradiation in childhood'™. Epidemiological investigations have suggested a high susceptibil-

*Corresponding author: Tel; 043—-206—-3162, Fax; 043—-256-8301, E-mail; sasaki@nirs.go.jp



230 S. SASAKI and N. FUKUDA

ity of children to radiation carcinogenesis*~®. However, the risk estimation and dose-response
relationship remain to be elucidated.

Life span experimental studies are of biological importance for the assessment of cancer
risk. In our earlier studies, the age-dependence of susceptibility to radiation-induced life-short-
ening and carcinogenesis was examined'®'?, It has become evident that from the neonatal
period to puberty, mice are more susceptible to life-shortening effect of radiation than in the
intrauterine period and adulthood. The age-dependence of susceptibility to radiation-induced
carcinogenesis was shown to be inherent to each type of neoplasm. Liver, pituitary, lung,
ovarian, and bone tumors, and thymic lymphomas were induced more effectively by irradiation
during the juvenile period than that during the intrauterine or adult period; whereas, young
adult mice were most susceptible to induction of myeloid leukemias and Harderian gland
tumors'"*!, These results prompted us to design further experimental studies to elucidate the
characteristics of carcinogenesis following exposure of juvenile mice to lower doses of radia-
tion. Also, we tried to improve the methods of analyzing the carcinogenic effect of radiation.
In this report, dose-response relationships for the induction of liver, pituitary, ovarian, lung and
bone tumors after irradiation in the neonatal period with gamma rays ranging from 0.48 to 5.70
Gy are presented.

MATERIALS AND METHODS

Experimental procedures .

~ The first generation female hybrids of C57BL/6INrs and C3H/HeNrs strain mice
(B6C3F;) were used in this experiment. Because pituitary tumors developed in excess after
X-irradiation in the neonatal period only in the female B6WF,; mice'?®, females were selected
for the study. Both parent strains and the hybrid mice were kept in a specific pathogen-free
condition. The hybrid mice were irradiated at day O (within 24 h after birth) with 0.48, 0.95,
1.43, 1.90, 2.38, 2.85, 3.80 or 5.70 Gy gamma rays from *'Cs at a dose rate of 0.87 Gy/min.
After weaning at day 25-30, all the female hybrid mice were allowed to live out their life
span. Cages were checked once a day, 6 days a week, for dead mice. The gross findings of
autopsy were noted and recorded on photographs; thereafter, the major organs and sites of
suspected neoplastic diseases were processed for histological examination. A total of 2988
- mice were used in this experiment. The sample size of each group is shown in Table 1.

Methods of analysis
The dose-response relationship for life-shortening was fitted by the. following equation:

MLS(D) = MLS(0) - (1-f(D)) _ 1)
where MLS(D) represents mean life-span in a group irradiated with dose D; MLS(0), mean

life-span in the control group; and f(D), dose-dependent function for shortening of mean life-
span. As f(D), a linear or linear-quadratic model was applied: f(D) = a;D or f(D) = a,D + a,D%
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The dose-response relationship for induction of a specific type of solid tumor was
analyzed using a model which includes dose-dependent tumorigenesis, decrease in incidence
by competing risks and inactivation of potentially tumorigenic cells. This model can be
described by the following equation:

' Lps(D) = Lis(0) - (1-g(D)) - (1 +h(D)) - k(D) @)

where I,,(D) represents observed incidence in a group irradiated with dose D; Io,(0), observed
incidence in the control group; g(D), dose-dependent function for the decrease in incidence by
competing risks; h(D), function for increase in incidence by radiation-induced tumorigenesis;
and k(D), function for decrease in incidence by radiation-induced inactivation of potentially
tumorigenic cells. For the decrease in incidence by competing risks, a linear or linear-quadratic
relationship was used: g(D) = b;D or g(D) = b,D +b,D? For the tumorigenic effect of radia-
tion, a linear,linear-quadratic or quadratic relationship was applied: h(D) = ¢,D, h(D) =
¢;D +¢,D? or h(D) = ¢,D? The decrease in incidence due to inactivation of the potentially
tumorigenic cells was fitted by an exponential relationship: k(D) = exp(-dD). The dose-
response relationship for the observed incidence (equation 2) is composed of two components;
the dose-response relationship for expected spontaneous incidence in the irradiated group
(I (D)) and the relative risk for development of tumor (RR(D)):

Lip(D) = Lips(0) - (1-g(D)) 3)
RR(D) = (1 +h(D)) - k(D) | | @

The expected spontaneous incidence in the irradiated group was calculated with the following
equation: ‘

Lp(D) = Z(Ni(D) - £;(0)/N(D)) &)

where N;(D) represents the number of mice that died during interval i of age in the irradiated
group (i = 1, 2, ...., n); &;(0), the age-specific prevalence in the control group; and N(D), the
total number of mice in the irradiated group. The age-specific prevalence was defined as the
fraction of mice that died with a specific type of tumor during interval i. The relative risk for
the development of a specific type of tumor was calculated as a ratio of observed incidence to
expected spontaneous incidence.

Parameters of dose-response relationships were estimated with the method of least
squares, in which the algorithm was obtained by the damping Gauss-Newton method and the
weighting factor was the reciprocal of the obtained value. Models for the function f(D), g(D)
and h(D) were selected using Akaike’s information criterion (AIC)". Statistical difference was
examined with the y>-test for tumor incidence and frequency of death before weaning, and
with Student’s t-test for mean life-span, number of tumors and relative risk. The level of
significant difference was set at P <0.05. ' '
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RESULTS

Mortality before weaning and life-shortening

The frequency of death during the period before weaning in the control group and
irradiated groups is shown in Table 1. Deaths during pre-weaning seemed to be mainly due to
deficient exocrine activity of the mammary gland of mother mice, because the stomach of the
dead mice was not filled with milk. Frequencies of death before weaning in the irradiated
groups were not different from that in the control group, even after irradiation with 5.7 Gy, the
highest dose examined here. These results indicate that neonatally irradiated mice did not die
from radiation-induced acute effects in this experiment. '

Mean life-spans of female mice in control and irradiated groups are summarized in Table
1. Mean life-spans of all the irradiated groups were significantly shorter than that of the control
group. For function f(D) in equation 1, a linear-quadratic model was selected based on the
information criterion. Values of parameters a; and a, were obtained by regression analysis:
a; = 0.0548 £0.0027, a, = 0.0049+0.0006. The dose-response relationship for the mean

- life-span was described by the following equation:

MLS(D) = MLS(0) - (1-0.0548D—-0.0049D?)

Table 1. Mortality during pre-weaning and mean life-span

Dose Number at Number of deaths  Mortality during pre-weaning Number of female = Mean life-span,

(Gy) birth before weaning % *+ SE mice at weaning days + SE

0.00 1878 93 49+0.5 885 864.8 + 4.6
048 962 48 5.0+0.7 453 8420+ 64
0.95 712 31 44 0.8 ' 338 8079+ 74
143 701 37 52%08 331 785.6+ 7.8
1.90 694 32 46108 332 758.1+ 7.5
2.38 433 23 51%1.1 205 721.2 £ 10.7
2.85 567 25 44+09 272 700.1 £ 99
3.80 169 9 51+1.7 81 635.0 £ 17.1
5.70 196 11 57+1.7 91 4534+ 15.8

All neoplasms and all solid tumors

The frequency of neoplasm, number of neoplasms per mouse, frequency of solid tumor
and number of solid tumors per mouse are summarized in Table 2. These comprehensive
measures of tumorigenesis increased significantly after irradiation with 0.48 Gy, the lowest
dose in the present experiment. In particular, the increase in the number of solid tumors per
mouse was marked. A dose-dependent increase in the comprehensive measures of tumorigen-
esis was observed up to 1.9 Gy and these values reached a plateau over the dose range 1.9 to
2.85 Gy. The number of solid tumors per mouse in a group irradiated with 5.7 Gy was smaller
than those irradiated with lower doses.
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Table 2. Frequency of neoplasms, number of neoplasms per mouse, frequency of solid tumors and number of
solid tumors per mouse

Dose Frequency of Number of neoplasms per Frequency of Number of solid tumors
(Gy)  neoplasms, % * SE mouse, mean + SE solid tumors, % + SE per mouse, mean + SE
0.00 87.7£1.1 1.09 £ 0.02 469+ 23 0.54 + 0.02
0.48 91.8+13 1.44 £ 0.04 748 £ 4.1 1.05 £ 0.05
0.95 95.0+1.2 1.57 £ 0.05 80.5+ 49 1.24 + 0.06
1.43 924+15 1.59 + 0.05 831+ 50 1.29 £ 0.06
1.90 940+ 13 1.61 + 0.05 89.1+ 6.0 1.47 £0.09
2.38 91.2+20 1.55 £ 0.06 878+ 6.5 1.40 £ 0.08
285 956+ 1.2 1.64 + 0.05 889+ 5.7 1.48 £ 0.07
3.80 93.8 £2.7 1.52 £ 0.08 - 852+103 1.39 +0.13
5.70 923 +28 123 £0.07 . 659t 85 0.98 £ 0.11

Liver tumors

Hepatocellular and cholangiocellular tumors were included in the category of liver
tumors, but hemangioma in the liver was not. The majority of the liver tumors were malignant
or benign hepatocellular tumors. The observed incidence, expected spontaneous incidence, and
relative risk for the development of liver tumors are summarized in Table 3. The increase
in the observed incidence and relative risk was significant in all irradiated groups. The dose-
response curve for observed incidence (Fig. 1) was upward convex, and seemed to be
composed of three parts: 1) a rapid increase in the incidence at doses below 0.95 Gy, 2) a
gradual increase in the dose range 0.95 to 2.85 Gy, 3) a decrease in incidence with increasing
dose at doses above 2.85 Gy. Parameters of the dose-response relationship were obtained by
regression analysis. Expected spontaneous incidences in the irradiated groups decreased almost
linearly with increasing dose, and parameter b, of function g(D) was estimated to be 0.120 +
0.002. As function h(D) for tumorigenic effect, a linear model was selected based on the infor-
mation criterion and the estimated value of parameter c; was 1.739 £ 0.128. Parameter d of
function k(D) for inactivating effect was estimated to be 0.082 £0.015. Therefore, the dose-
response relationship for the observed incidence was described by the following equation:

Table 3. Observed incidence, expected spontaneous incidence and
relative risk for development of liver tumors

Dose Observed incidence, Expected spontaneous  Relative risk

(Gy) % + SE incidence, % £ SE *SE
0.00 19.7+1.2 197112

0.48 393+23 183+13 2.14£0.19
0.95 420+26 171£13 246 £0.24
1.43 46.5+2.5 163+13 2.85+0.27
1.90 53.8+3.1 148+13 3.64 £0.39
238 576133 13.7+1.3 4.22 +0.49
2.85 629 £2.8 129+ 14 4.87 £0.57
3.80 580£35.3 105+ 1.6 5.53 £1.00
570 462 %50 - 67+14 6.88 + 1.62
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Fig. 1. Incidence of liver tumors as a function of dose of gamma rays.
Vertical bars represent standard errors. The dose-response relation-
ship is shown as a curve obtained by regression analysis.

Iops(D) = Lps(0) - (1-0.120D) - (1 + 1.739D) - exp(-0.082D)

Pituitary tumors ‘

Tumors of the anterior lobe of the pituitary gland were late-occurring and lethal
- neoplasms. The results are summarized in Table 4. The dose-response relationship for the
observed incidence is shown in Fig. 2a. Pituitary tumors developed in excess with a significant
difference in all irradiated groups. A dose-dependent increase in the observed incidence was
found up to 1.43 Gy, whereas, the incidence was not affected over the dose range 1.43 to
3.8 Gy. The observed incidence was significantly lower in the group irradiated with 5.7 Gy
than 3.8 Gy. Values of parameters for the dose-response relationship were obtained by regres-
sion analysis. As function g(D) for decrease in the expected spontaneous incidence, a
linear-quadratic model was selected, and parameters b; and b, were estimated to be
0.107£0.019 and 0.0033 £0.0042, respectively. As the-dose-response relationship for the
relative risk, we selected a model which includes dose-linear tumorigenic effect and exponen-
tial killing of potentially tumorigenic cells. Parameters c¢; and d were estimated as 2.306 *
0.189 and 0.186 + 0.021, respectively. Using obtained values of parameters, the dose-response
relationship for the observed incidence was described by the equation:

Lobs(D) = Iybs(0) - (1-0.107D - 0.0033D?) - (1 +2.306D) - exp(—0.166D)
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Table 4. Observed incidence, expected spontaneous incidence and

relative risk for development of pituitary tumors

Dose Observed incidence,

Expected spontaneous

Relative risk

(Gy) % t SE incidence, % + SE + SE
0.00 80+ 1.0 80+ 1.0
0.48 150+ 17 78+ 1.0 1.92 £ 0.33
0.95 180 +2.1 74+ 10 245 + 043
1.43 247423 72+1.0 3.39 £ 0.55
1.90 25.0+23 6.4 %09 3.88 + 0.66
2.38 25.4+3.0 6.1+09 4.18 £0.78
2.85 25.7+26 53+09 4.86 +0.92
3.80 247 +4.7 3.5+08 595 + 1.62
5.70 132+34 25406 5.06 + 1.03
30 40 -

[ (a) Pituitary tumor

(b) Ovarian tumor

[ (c) Lung tumor

Observed incidence, %

(d) Bone tumor

Dose, GY

Fig. 2. Incidences of pituitary tumors (a), ovén'an tumors (b), lung tumors (c) and bone tumors (d) as a function of
dose of gamma rays. Vertical bars represent standard errors. The dose-response relationships are shown as
curves obtained by regression analysis. '
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Ovarian tumors :

Histological types of ovarian tumors were granulosa cell tumors, tubular adenomas and
luteal cell tumors. The observed incidences, expected spontaneous incidences and relative risks
are summarized in Table 5. The dose-response relationship for the observed incidence is
shown in Fig. 2b. Irradiation with gamma rays significantly increased the observed incidence
and relative risk at all dose levels examined here. The observed incidence increased rapidly in
the dose range 0 to 0.95 Gy and peaked at 2.38 Gy. At doses above 2.85 Gy, the incidence
decreased with increasing dose: The expected incidences of spontaneous ovarian tumors in the
irradiated groups seemed to decrease with increasing dose, and parameter b; was estimated to
be 0.0441 + 0.0073. The dose-response relationship for the relative risk was fitted by a model
which includes dose-linear tumorigenic effect and exponential inactivation of potentially
tumorigenic cells, and parameters ¢, and d were estimated to be 26.84 + 1.69 and 0.516 +
0.063, respectively. Based on these analyses, the dose-response relationship for the observed
incidence was described by the following equation:

Lins(D) = Ls(0) - (1-0.0441D) - (1+26.84D) - exp(=0.516D)

Table 5. Observed incidence, expected spontaneous incidence and
' relative risk for development of ovarian tumors

Dose Observed incidence, Expected spontaneous  Relative risk

Gy) % *+ SE incidence, % + SE + SE
0.00- 1.81 £ 0.45 1.81 £ 0.45
0.48 212+1.8 1.80 + 0.46 11.7 £3.1
0.95 28.1+24 1.77 £ 0.47 16.2 + 4.4
1.43 200 +2.5 1.74 £ 0.46 169 + 4.8
1.90 33.7+3.0 1.70 + 0.52 199 +6.3
2.38 34.1+33 1.59 £ 0.48 21.8+7.0
2.85 276+29 1.55 £ 0.51 178 6.1
»3.80 185+39 1.39 + 0.57 13.2+6.1
5.70 11.0+32 1.31 £ 0.58 84+34

Lung tumors

Histological types of lung tumors were adenocarcinoma and adenoma. Results of
experiments are given in Table 6 and the observed incidences are plotted against dose in Fig.
- 2c. The observed incidence in the group irradiated with 0.48 Gy was significantly higher than
that in controls. Over the dose range 0.95 to 2.85 Gy, there was no difference in incidence;
thereafter, the incidence decreased with increasing dose. Values of parameters for the dose-
response relationship were estimated by regression analysis. The expected spontaneous
incidences decreased almost linearly with increasing dose and the estimated value of parameter
b, was 0.063 £ 0.005. As function h(D) for tumorigenic effect, a dose-linear model was
selected and parameter ¢, was estimated to be 3.958 £+ 0.299. The value of parameter d for
killing effect was 0.464 + 0.025. From these analyses, the dose-response relationship for the
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Table 6. Observed incidence, expected spontaneous incidence and
relative risk for development of lung tumors

Dose Observed incidence, Expectéd spontaneous  Relative risk

(Gy) %+SE incidence, % + SE +SE
0.00 59+08 59+08
0.48 148 1.7 55+0.8 2.68 + 0.48
- 0.95 17.8 2.1 52+08 3.35 £ 0.63
1.43 172420 5.1+08 3.38 + 0.64
- 1.90 162 +23 49+1.0 3.23 £ 0.82
238 16.1 £2.6 49+1.1 3.28 + 0.85
2.85 162 +22 48+ 1.1 3.27 £ 0.91
3.80 123 +3.6 45+15 227+ 1.19
5.70 77+24 4.1+27 1.86 + 1.28

observed incidence was obtained as the equation:
Lips(D) = Ips(0) - (1-0.063D) - (1 +3.958D) - exp(-0.464D)

Bone tumors

Histological types of bone tumors were osteosarcoma, osteoma, chondrosarcoma and
chondroma. The observed incidences, expected spontaneous incidences and relative risks are
shown in Table 7 and the observed incidences are plotted as a function of dose in Fig. 2d. The
increase in incidence was significant in mice irradiated with 1.90, 2.38, 2.85 or 3.80 Gy. The
shape of the dose-response curve was quite different from those for other solid tumors. The
initial slope of the curve was concave upward. The highest incidence was observed in the
group irradiated with 3.8 Gy, and the incidence was lower at 5.7 Gy than at 3.8 Gy. Values of
parameters were estimated by regression analysis of dose-response relationships for the
expected spontaneous incidences and for the relative risks. Parameters b, and b, of the dose-
response relationship for the expected spontaneous incidences were estimated to be 0.150 +
0.006 and 0.0016 + 0.0011, respectively. The relative risks continued to increase over the dose

Table 7. Observed incidence, expected spontaneous incidence and
telative risk for development of bone tumors

Dose Observed incidence, Expected spontaneous  Relative risk

(Gy) % *+ SE incidence, % + SE + SE
0.00 0.68+028 0.68 £ 0.28

0.48 1.10 £ 0.49 0.62 + 0.26 1.79 £ 1.09
0.95 1.78 + 0.65 v 0.56 + 0.25 318+ 1.84
1.43 2.11+£0.77 0.52 £ 024 4.04 + 2.38
1.90 3.01 £0.92 0.48 £0.25 624 £ 3.73
2.38 390+ 1.21 042 +0.24 9.39+ 6.12
2.85 478 £ 1.17 0.39 +0.24 1229+ 8.16
3.80 6.17 £2.59 0.29 £ 0.26 20.84 + 20.08
5.70 3.30 £ 1.85 0.06 + 0.05 51.64 + 50.19
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range O to 5.7 Gy, and parameter d for killing effect could not be obtained. As function h(D)
for tumorigenic effect, a quadratic model was selected based on the information criterion and
the value of parameter ¢, was estimated at 1.487 £ 0.043. From these analyses, the dose-
response relationship for the observed incidences was obtained as the equation:

s (D) = Ls(0) - (1-0.150D - 0.0016D?) - (1 +1.487D?

Other solid tumors :

The dose-response relationships for other solid tumors could not be analyzed, because
tumor incidences were too low in control and irradiated mice. When the data of the irradiated
groups were pooled, it became evident that several types of solid tumors developed in excess
after irradiation. The total number of irradiated mice was 2103 and the mean dose was 1.77
Gy. Incidences of gastrointestinal tumors, kidney tumors, adrenal tumors and hemangiomas of
spleen in the irradiated mice were significantly higher than in those in the control group as
shown in Table 8.

Table 8. Incidences of gastrointestinal tumors, kidney
tumors, adrenal tumors and hemangiomas of
spleen

Control Irradiated

Number of mice 885 2103
Incidence, % + SE
Gastrointestinal tumors 0.58 £0.25 1.50 £ 0.27
Kidney tumors 000+£000 0.76+0.19
Adrenal tumors 0.11 £0.11 1.57 £ 0.27
Hemangioma of spleen 0.34 £ 0.20 1.19 £ 0.23

DISCUSSION

The increase in the incidence of liver, pituitary, ovarian and lung tumors was significant
in mice irradiated with 0.48 Gy, the lowest dose examined here. The most reliable data on the
induction of solid tumors in adult mice by single exposure to low-LET radiation comes from
experiments using female RFM mice which were irradiated at 12 weeks of age with graded
doses of gamma rays from *’Cs'®. It was reported that incidences of ovarian tumors and
Harderian gland tumors were significantly higher in mice irradiated with 0.5 Gy than in control
mice; whereas the increase in incidence of pituitary tumors and lung tumors was not significant
‘when mice were irradiated with doses lower than 2 Gy. An increase in incidence was detected
only for ovarian tumors after irradiation with 0.25 Gy. When mice were exposed to 0.1 Gy, no
type of solid tumor developed in excess. In a life-time study using female BC3F,; mice which
were irradiated with graded doses of X rays at 4 to 6 weeks of age, the increase in the
incidence of ovarian tumors was significant at 0.16 Gy'”. But the increase in the incidence of
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other solid tumors was significant when mice were irradiated with doses higher than 1 Gy.
Results of the present study, therefore, indicate that mice during the neonatal period are
extremely susceptible to the induction of many types of solid tumors. Further experimental
studies are necessary to examine whether an increase in the incidence of solid tumors is
detectable after irradiation with lower doses. ’

The dose-response relationships for the age-adjusted incidences of pituitary tumors and
lung tumors in female RFM mice irradiated as young adults were reported to be described by a
linear-quadratic model'®. The present study showed that the tumorigenic effect of gamma rays
on the induction of these tumors was proportional to dose in neonatal mice. The dose-response
relationship for induction of liver tumors in male CBA mice irradiated at 3 months old with
X rays was fitted by a linear-quadratic model and that in male BC3F; mice of the same age was
fitted by a quadratic model'®. The tumorigenic effect of gamma rays for induction of liver
tumors was dose-linear when mice were irradiated neonatally as shown in the present experi-
ment. These findings suggest that the shape of the dose-response curve is influenced by age at
the time of irradiation. - ‘

It is not clear whether there is a threshold in the dose-response relationship for the
induction of solid tumors by low LET radiation. An analysis of the dose-response relationship
for induction of ovarian tumors in RFM mice after irradiation with gamma rays resulted in a
conclusion that a threshold plus dose-linear model described well the relationship over the dose
range 0 to 0.5 Gy'®. The threshold dose was estimated to be 0.11 to 0.12 Gy. A similar result
was obtained in an experiment using BC3F, mice irradiated with X rays'”. We showed that the
tumorigenic effect of gamma rays on the induction of ovarian tumors was proportional to dose
in mice irradiated in the neonatal period over the dose range examined here. However, our data
were not sufficient to determine whether there is a threshold in the dose-response relationship
for induction of ovarian tumors.

Information on the dose-response relationship for induction of bone tumors by external
irradiation with low LET radiation is restricted to a few studies. The existence of a threshold-
like dose in dose-response relationships for induction of skin tumors and bone tumors was
ascertained in a series of studies in which the back of female ICR mice was repeatedly exposed
to beta rays from *°Sr—**Y"*?®, Skin tumors and bone tumors developed after repeated lifetime
exposure to 0.75 Gy or higher doses; whereas repeated irradiation with 0.5 Gy did not induce
these tumors. Age at first exposure to beta rays was 7 weeks. It is apparent that single whole-
body exposure to gamma rays in the neonatal period is effective in inducing bone tumors.
Analysis has shown that the tumorigenic effect of a single exposure.to gamma rays in the
neonatal period is proportional to the square of the dose. The existence of a threshold dose,
however, could not be excluded, because the incidences of bone tumors in groups irradiated
with doses lower than 1.43 Gy were not significantly different from the background incidence.

The present study has expanded knowledge on tumorigenesis following exposure to
radiation in the neonatal period in mice. The increase in incidence was significant for the
development of gastrointestinal tumors, kidney tumors, adrenal tumors and hemangiomas of
spleen, although the dose-response relationship could not be analyzed. Therefore, a significant
increase in the incidence was detected for the development of 9 types of solid tumors. As
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shown in our previous studies, myeloid leukemias did not develop in excess after irradiation in
the neonatal period and thymic lymphomas could not be induced by irradiation with doses
lower than 1.9 Gy in B6WF,; and B6C3F,; mice'®™"*. It has become evident that mice of the -
neonatal period are susceptible to the induction of various types of solid tumors by radiation.

An increase in the observed incidence does not reflect directly the tumorigenic effect of
radiation which is also influenced by competing risks and inactivation of potentially tumori-
genic cells as described in the 1986 UNSCEAR report?”. Several statistical methods have been
propos.ed to avoid confusion resulting from competing risks” *>. As a measure of radiation-
induced tumorigenesis, we used relative risk for the development of neoplasms, which is not
affected by competing risks. The relative risk for development of neoplasms was defined as the
ratio of the observed incidence to expected spontaneous incidence in the irradiated group. The
~ inactivation of potentially tumorigenic cells is not negligible in an analysis of the dose-
response relationship for radiation-induced tumorigenesis, because a decrease in incidence
with increasing dose was frequently observed following localized irradiation with high
doses?® . Therefore, the value of relative risk is determined by the tumorigenic effect and
inactivation of potentially tumorigenic cells. From these considerations we constructed a
model of the dose-response relationship for the observed incidence which was represented as
equation 2. This model may be widely applicable to the analysis of the tumorigenic effect of
radiation and other agents.
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The most important risk of low-dose radiation is
development of tumors. Radiation - carcinogenesis is affected
by physical factors such as quality, dose and dose rates, and also
biological factors such as gender, age and genetic background.
The aim of this project is to clarify the effects of, specifically,
genetic factors on radiation carcinogenesis. This project has
three major active programs as written below. '

(1) Radiation-associated loss of heterozygosity in radiogenic T-
cell lymphomas in mice:

Although ionizing radiation is a potent carcinogenic agent,
little is known about possible radiation signatures. In order to
find the tumor suppressor locus associated with radiation
carcinogenesis, we determined the frequency and distribution of
loss of heterozygosity (LOH) of X-ray-induced thymic
lymphomas of B6C3F1 mice, and compared the results with
those for spontaneous lymphomas and N-ethylnitrosourea
(ENU)-induced lymphomas. A unique locus with frequent

LOH in chromosome 11 was. detected and the novel tumor

suppressor gene, lkaros, has been identified in radiation-

induced thymic lymphomas. The results also indicate that

Ikaros inactivation takes place in close association with

radiation exposure.

(2) Carcinogenesis in immunodeficient mutant C.B-17 Scid
mice:

The Scid mouse is immunodeficient and also radiosensitive
because of point mutation in the DNA-PKcs gene. To analyze
effects of Scid mutation on radiation carcinogenesis, Scid, C.B-
17 and their F1 mice were irradiated with 1 to 3 Gy gamma-rays.
Scid mice were extremely susceptible to the induction of thymic
lymphomas by ionizing radiation. To examine development of
radiogenic tumors in other organs, irradiated Scid mice were
transplanted with normal bone marrow cells of C.B-17 mice.
This treatment completely reduced development of thymic
lymphomas, but no excess of other tumors was demonstrated
comparing with that in CB-17 and F1 mice. This may
indicate that Scid mutation just correlate with induction of
thymic lymphomas but not other tumors.

(3) Radiosensitivity in LEC rats:

The LEC rat is a mutant strain that spontaneously develops
heritable hepatitis due to copper accumulation, caused by
mutation of the copper transporting ATPase gene (41p7b). In
addition, radiosensitivity has also been reported. We analyzed
linkage between radiosensitivity and the predisposing Ap7b
gene in (F1 x LEC)backcross rats cross with the F344 rat. Our
results clearly demonstrated an absence of any significant
association between radiosensitivity and Ap7b gene. Now we
are trying to establish congenic F344 strain by introducing LEC
radiosensitive gene.
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V=AY b arEARNOEERFNIOERERNEZ LN
7205, BRERIBOON o7, BEDEZ A, ¥,
zinc finger &L TV VR ARy 7T 500 BEEAR
%’C“i)&o

RIZ, Ikaros BIETOEERT| L NIVTORRER L
B L7 ZOKER. SHICI ALV AEENADOD o7
(5)e ThHDERIZ, £TNED zince finger FHIFIZ
gL TEEgIN, i, finger3DYAF4 ¥ (2 F
v 182) 12id. 3BIDEENROPY . BRERDF Y b
ARy NTHAWEEHG DD, T2, BRELAT I /BRI,
Ikaros 7 7 2 1).—T& 5 Aiolos ® Helios bE L7 I /B
¥BLTBY, ThOoDEERFOBEBICLADT I /B
ThhrtEzbNIZ, 72, 16, =7V ¥ 3I2-GG-
DIEALEINHDOHPY ., zinc finger DRITA ry Ta K
VHNELBF VRV AERTH o, TOERIZ, 7V
V3ERELLEVIk-2ICEHEEEI RV BEE . T RS
y7uay b, Ik-1 3 %d o725 Ik-2 3FEE L, S

X5. MRV /EEIZ#ABI5 karos ONZK zinc finger
FIRICBITATI/BBRER DS,

RERSHIH, PFUAN=TarH2fl, rSrVv Y
arvPReplizolz,

Ikaros DZER L Tkaros FERL @ LOH & DR % BET L 72,
FORER, Tkaros EBRL TWEWIDEEREEE LD
b D, Ikaros BEIASLOH (272 o TWizds, T AV 7
*—LAZFEDODDIZLOH ZR&E holzo F 72, Ikaros B
fLAYLOH 2R3 b b 6§, Tkaros ICERM ) %
fEA28 B V) . Tkaros BN DRBHH B FASZ OB IFHF
ETAZEHIHR I N,

ras EREE

Fapg ) v NETIE, #EEFTHS K-ras & N-ras O
BRERVPSZVI EFFEEN TS, 22T, Bohi:
Mg ) > 78fE 2D, K-ras, N-ras ®% £ % PCR-SSCP #:
WKTAZ Y ==V T L BRERDH o2 DIZOWTIE,
TAZu—=V 7 LTEREROEN 2 E L. BRARE
VUNEEIZIE, —BlD ras DEREIBOON 2oz, L
ML, XEFRE) VED 17%, ENUFEREY V7ED 30%
\ZK-ras b L { i& N-ras DEREEIFZOLNz (R1).



% 1. B6C3F1 w7 AICRAEL MY/ HED K-ras 3L}

" N-ras BIEFORBRERARILNT A

ENU.

'fk%ﬁ%@%%%ﬂjvﬂkﬁ AR XB o em oW
- i TLODik 13 41 37 20 17
K-ras’ - 2GGT — GAT : 1 5 2 3
S GTT 1 3 2 1
TGT 1 1
¥GGC — GAC 1
%GCA — GAA .
9GGT — GAT 1 1
SICAA - CAC 1
8GAG — AAG 2 1 1
WAAG — AAC 1
N-ras BCTA — ATA 1
SICAA — AAA 1 1 ,
& 5 0/13  8/41  13/37*  6/20 7/17 -
. =8 (0% (0%  35%  (30% . (41%
* P<0.02. '

ENU OMLERRART % 10 JICHEE 4 & R BEE T 41% 288
T2, COFKERIE. XBIZEoT ras DERERIFR S
NBZLRERT S, T/, XBHERV VAEICBITAE
RIS RAERE I, ENU ICHAE VD T ras DERER DR
AZESLTWAEEIREN ICERNWEP e EI LR
Bo BRERANRY PIAIZoVTIE, INU HREEZ.
IR Y 12 CRAREERVERL TV z0II L, XiRFRE
FETIEa P 120z, 2 F 18, 61, 63, 117 122D 5
Wiz, XBBREEOREIE. ARZ FFANLNIER
BETHr0rd Lk, PUEFHRTHFERSINKRY
YT, MOEETII—FL Rodro Tk K-ras
DA F Y 146 DERERVFROP o TV ) HPRT 2 ED
BERET B2 ARREROBADRRERIILTO
IV VEL O oTHEBYN  COELEXFHELTVS,
ERERDY 4 7L T, X#. ENU @b o$, +
STy yavk bFVvAN—TYa yHRARBETH -,
FlZ & D Tkaros DEREPETEZL L BEHRICE - T
EEERENE PV AN—T a YRIPHBEHEEELZ O
‘bnaoﬁﬁﬁfﬂommlmﬁﬁﬁ§§@§brw
HLiFEZIZ W,

ras BEETFORRERLE 6 40T ) VOLHHHE

* PCR-SSCP #:C. K-ras BIETFDRRERELANTV2
BET, FEDK-ras BEFEZHEELTVWS Y Y 8ERD
ofze BEH L, K-ras Dy 7SR TWVHE 6 Refafhkd
FORATPHEBICIOH A H BT L ETRETHLLNDT, ZOHE
BIOWT LHBRRET o720 XKRFERY ¥ E TR, K-
ras DERERX DD TO0Y Y EDH b, 43% (3/7)
k. ZOERIC LOH 2R L. —F. K-ras DRRERD
WA, 1% (1/34) ©Y ¥ S L LOH B S
h&ﬁ‘o 720 BB, K-ras OERERLERBAEDT T

A THEBO LOH 1213, BERSZD D, YTADID
S EEIE, € PO 12 FYAHE0 12013 ITHEL, =
ZAZi, p27 (Kipl) A~y 78N Twb, p27it, A D
T4 /Ck HEADFERELZHEEL., MEAHLAIC
T 2 BNHBEFTH S, HE, ras DI VAT
— A= a YEHEIC, p27 ORBFIFIHHFEN IEH L
PHRESN TS FKA ORI VY EIZBWTH, K-ras
OERY p27 DERIZ, #HLT%#AK#@LTm%&
*E?EUétho

%%Mkﬁ”%%ﬁ%ﬁ%@umu\sw¢4ﬂﬁ\
C3H DT IYNDERE I A T ThHoleZ erh, BRERE
C3HHED K-ras iIZfRo TR - 2L R TE L, ZOR
nAs, Bot (RE»8F) 2L 50, R4 (B6 7 C3H)
REBDP2HOPIZTE72DI2, HORITELED
C3B6F1 IZBWTHENY FORY 218 LA, LA L, B
ARNH, TOFLIZBVTIE, 46 #9140 LA LOH &
BEshihro7,

B

FRED S, (1) 7 LOANTFOESHOHELE (LOH)
3, BATHREREMIR Y N EICE <L BUHRIFRNICE 11
ERabo HYFETHZ L, (2) 2O LOHERICY ~
INEROFE, MEETFTH S Ikaros 75 v 7 & ., Ikaros
ﬁﬁ%ﬁﬁﬁﬁ(~m%)?ﬁﬁ®Xﬂ ALTEEICR
2 TWBIE, (3) ras DERIZ., BEHEFR TIZHEW
BwZ L (~20%). (4) ras BRI, % 6 Fiftibo LOH
EHBELTWwWAZ LR EHLNE oz, BLEOEREHD
5. B6C3F1 =7 A DHEHEIZ L IR Y Y SEDOREILE
WT, LOHXEETH Y, $ic, 411 FieEo LOH 4k
5 Ikaros DEBRFKELFSLTVWD D ENRENTZ,

Ikaros It KAt O ) ¥ N ERRFI~ND 2



Iy b AV MR, THlROEES{LICEDS zine finger
2O OEBEERFTH L, RFROBEH 5 5. Tkaros 13 #EH]
gLz b, TOBBOHRKRIP L LD 220/KKT
RIDIEIRENT, Thbb, #HENLBEIHBETF
DI, LHICE Y 22007 Y NEBIZFORELEE
THEE BHRELLAERER) L FIF VAT T 4
THOERZEITILIZEYVIEET Y VD Ikaros DO#
BOLTHETH S, BEIE, LOH DLV, EBE,
Ikaros ®EBLEW/ v 7 77 P IATI, £, LT
5L o Ths, RESLLA THRABRAIICEHNIL, &
WHIEER A B L PHE SN TVwE, /2, FIF¥
PR T 4 THRID Ikaros #Fo~ v At £%7 ik E
FIZTHRORENEITT I, 3:BEISEREFLIME
¥, 37y BLAICHERR Y Y NESRET AT L AHE X
NTBL, TNLDOERIT, FFEROKEE. Bl 5. Tkaros 1.
2007 ) VOBREERDLLIZ1I2OTYIVHFIF >
PRI B EFHRE PSS VAT — A= a L
LWL —FT 5, 5%, Ikaros BPRFICh-oTE
DX L ERBTHIET LT L DA, Tkaros DFHD
BEFOREIEETHA) LEZ TS,

Tid. BEHR T2 LOH ASEIMT 5 D725 9 », EEE,
2HYDNA DYIMTIC L > THEL2MABRIBED T HH
& oT, LOH BRAMEEENZ LW T EHFFPEENT
W, XSIIEE 2 RBEOMEERTIOT, Thitko
THEHRFR) VBB 2ECLH A BHHATEL LR
b, LrL, 2€5 11 FEREhovy o X 7HEEIC
BIZERTHOPRHBPTE RV, K4 1T, LOHBHH S,
Tkaros BALZ AT, MARZEEOBVEBIHHZ &
THLPIZL TS (RBER). ZORMNDY /) L OEER
WETHIZECEY, 2EXBTIOEBEIC LOH % 5T
LD sLEFEIND,

BIE, “GFEE LI FLVEMPIRACR-TE
TWwb, T, PAPEKRMICHL 2SR BRI, #HA
TRI->TWLEELEDELDEI LR, AL YRT
WEIEHLZEREZHEOMCL, ShEEAEE (-5 )
ELTHWwWAZET, BREETLDD LV AZN
LELFEL, FHIZRITIIETHEIDTHL, 55
2. ZOGHIZBWT, BARICBVWTRENADP-T
WEBEBEFOERDNY — 26, BADERYE LT
LED)ERFRIBAICZ2>TWDS, FIZIE, ODLoBEOH
EBICREVRONS pS3 BIZFEHICHBE, T7F b
XY UTHERENTFPACALGNEIFY 249 DG—T
DEHF ENEPERDOEMBICALNS C—To%Ak,
REZHEROMBIIALNE I FY 248 R 2713 DG—T
DEL, BDTHS (NFuYAL2Yv s 73IV) 2k
% -GGGA-EFIDGOREL EVHREESN TS, —K.
BARAEEETIE. CoGEIICBWTG—AIZE{LL T
5T EDE, FRIC, BHRICLDREFAICBNTY,
BRI X B EGRBELRIETAI LIX, BPFARXLI=X
ADEREDARLE LT, BADY AZFHEIZAE L BBT S
TEDHIRENTVWS, LA L, BEt#iIE4 O DNA B4

20 50T, BETTOL I AEKBEOELEICIEEDL
o EVZITBREHLEZ AR, L2rL, IRk
LHMBOINY 249 DG-TR, Fx N/ TAVEFHE
BEROERBEO/NBFIRREIC BT 5 RETEEZTFL PICE
EFLOBER., pBRIZEATTADERBBIZIE, AEh
RERCEAVBEINTSE Y., REHED DNA RIBOFFEM
ERBLTWAEBOIREEINTWE, 5|2, KAFFE T,
XBICLoTHFR LAY AR Y EIZBWT, D
FRTRELALY YECHAR, BEETHRENL LOHHE
BAFHET S L & Tkaros MIETFORRERVEL M &
ol BREBRONRY—VIZXoT, BRAOERYE
PRETHIECICER. FLEILEERIES RV, LAL,
DNA & DA IEREIAMEOBHITCRIR, REFEER
EOMOBEHREADLELILIZL T, BPFADERY &
DIEREICHERT B LA TEL LHETE S,

3.Scid¥ I X & AV -EBEEL NIV OESHER Y
A (REKEME OBRENEROHR)

EERAREALE (Scid) w7 Rid, RERMAIC
BFaVD)] AABRINTELRVEREC, BT
LBREUFEV, TORMIIEALRICILDNAKES
754 vEF—-¥OREY 72y b (DNA-PKes) 45F
D—WREIZLBZDNAZKHOMBEHEREDETTH S
ZEDHLNTWS, 20 DNA-Phes DEBEEDEEIZL 5
DNA EEHEEDEBT L BATABRZM., BRSAOEKIZO
WTRITEIT 2 72,

AHEO—EDOBHFE THWC.B-17/Icr-Scid< v A
(Scid=™ R), C.B-17/Icr=% A (C.B-17%» R), BLU
C3H Scid¥ 7 Xi2B%4 %~ L7 (CLEA Japan Inc., Tokyo,
Japan) L WEEA L, BEMBHEEZOB LY., FE
PRI L 2R bR, v T AEERRICEAL, BWE
HBEIIoTEEINLZLDOTHE, $7-. ZHOMLFI<
YA, C.B-17v 7 A%BHEL, Scidv I AZRXBEL
THYATFENTREL TRLTFEHV .

Scid¥ 7 A DGR FE I A EER

Scid= v X Z H\v>, DNA-PKcsfED KRS L 72 7 A fifk
LRV TORSERESA DG RECRERKTE LT
DNA-PKcs& i BB ZHE, BURBENABZHEOBEES
B LEEMELT, Scidv VR (ScidRIZTFHE ;
Scid/Scid) £ ZDHAKTH B, C.B-17v 7 R (B4R ;
+/+). BIUELLOHOAFIY Y R (Scid&EF~
70 ;Scid/+) EAVWTy BBHIC X 2 BIAEERETT-
770 ‘

£212, HENScidv 7 X, C.B-17%7 X, BXUFI<
YARLRELLEREEICOWTOERERERLL, 20
PEEEC LA, B, MR, K. B, KB, RTEA.
B. /Mg KBBLR EOEFEOREIZ, T LTI THDEH,,
bLAbNEd otz Scidwy X Tid, 1GyLl ok




BHT, 0% Eo@EICHIRY ¥ ENREL, BEk
20/ ~40ETRHREL 2270 I BHBEOFHEFMBOEE
LA LN, BRE LU THENICHOMERERE ¢ HH)
L7,

C.B-17% Y ABLUFIvY ADE L BREBEREEIZ.
S, BIBRES. U /NE GERBRY ~ ). FEES
RETHY, KR /5 E, MiES. PEEEOREFRZ
Ao 7z (1 ~10%Ri%) . BEHRIES (16yBLL) iIck D,
FRES. SPEEEF TR EN, ThZN0%E. 60%EIC
ML 2zh, WIRY) Y NEREROMMIE, FEREHEL R
NRTHEE AR TR0 2. R 2 DEEREROT T,
RaRR Y >~ EUSNDESIZOWTIE, 1) KBS
CFET RECLoTHMVBL b LarokbDEAY
V—7 (WS, BIBKES). 2) BAHREEICEE L CE
ERENFRENLLDEBIINV—T (FFEE. SPREE).
3) BAHREBSHC X > THEBRENPLPHP LI bD%EC
Fv—7 (FURIEE. FEMRR) VNE, FEER) 37
N—TIFFTRLE. 20X V—T58IE, ROETH
REBEHBHEBRERORFOBRE L,

F2CRLIZE ST, CB-1TT 7 RATIREHRE S
— V%A, B. CO3ITNV—FIZHIT B EMNTELD,
FI~ A CHECERPER SN, Scid@ZFHATF L
o LIZLAHBIRIILALDEETRIALD LR D

SRR S0
1.0

y ---N
) .
075 . \"".*-l
5

- 0.26

lllll —T

) 10 20 30 40 60 60 70 G0 90 100 110 120 130 140

HFRHEN () S2

0.75 o
1

0.25

1]
50 60 70 80 60

3% 40
AFRRE (A

5 10 20

o7, HEEEORAIZOVTIE, FIRY XD 1 ~ 26y
SHETIIC.B-17Tv 7 A LIZIZA L TH B, FIT7AD 3Gy
BEHECIIHERM Y RITHREERIET LM, Th
MScIdBIEFBNT QI - - EBIEPEIARTH S,

B6icid, Scidwy ADRIRY 3BT & 5 AR
BIROER LRI, BRBEOFHEFHROEHIIRE
WEEBR O, 1, 2, 30y BHBTHEEEITAL
hWieholz, B - BHRER (16y) LTOREBICBITS
Scidv v ADHIRR Y ¥ SEREIZODVWTIRSHORETRE
f’%%o

BaRR DAY DRI BT B Scid v 7 A DGRBS RIE R R A

BB TR EIREIC X o TVD) ] AAB 2 DS
RENDZEND, Scidv T ADMREY) ~/SERAIZIX
DNA-PKcs D—EREIZE ZRELRVD) JHABR 2 5
LTWABHEEMARI &y Ld L. DNA-PKesid i gt
WMICKADNAZEHYMBHEICOBESLTWEDT,
V) JH A3 2 24T D % v HRR DA 0 &I BT 5 BUsHR
RYEABERROEELFARL 720121k, BHOECER
EhBHRRY) Y EOREID LA TH S, £ T, BEHR
RSEZOScidY 7 A ICERFSFLER <Y X0 EHMAKR
(107cells/® 7 R) #BHELTHRERLBEL. R ~
NEORELIHITAHZ LICL ), RS OBKICBT

SRR S1
10

0.76

0.25

20 30 40 B0 60 70 80 90 100

v~ EFRAIRE GA)
10 o
%

0.75 X

LIy

. 1.,1 .
W

0.26 —

20 30 40 60 60 70 80 0 100

ARSI ()

0 10

B6. Makg') > /SEREIC & 5Scid= v X DBSHHRBSBROEFEE, Scid ~7ADRSO, 1,
2. SGYyRERBE(ENTNROHBIZS0, S1. S2, S3EFI)ITBITAMBRY R IEIC LD EFEK
h ST <A —8: (GreenwoodiZ LA UTLL) CHELT, =V R8BS TRHL , OB S e idh
[ZOEELTERL, Ml EFREOHTERE (ER) L2 0BHMEHER M2 AR TELE,

—34—
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BREVFAMEAR .

ZOREREEIICRT 36yD y HMEHEHL -Scid~
7 RIZ.C.B-17% 7 ADE MM % B L 72 EREE 2 T,
Jalgy Y EOREREECHM S, L L, 0GR
BiScid< ™ R IZC.B-17% 9 A DB M = #HE L /- EBRE
JLHBLTD, MEIMICEEEL b o THERTHRES
NEEERRON LD 572.C.B-1T9 T ATB IV —7(F
2) oEsh-ERE (FEE. SPREE) [cowTid,
EBRH2 LERBIOMTAEEN kho/z, CTV—F
ARSI ARES. FERR) > E, FEERZ.
C.B-17% 7 ARF1= Y A L [A#kIZScid~ 7 & T b BATHRER
B CREERERIBL LT, FEEFICEL i@
BV TIRE LARSHRIC X W EFOREIIHI S iz,
PEMEE B L CitScidvw AT 3Gy VW OIBEIZST
ErMEEEISDHLOT REEZ T URIT I2LEFH 5,
INLDEREIS, BEHRIZ X BEEDREIZScidEETF
ERHIEET5013.VD) JAARZ 0ITb N2 iR IR S
NTW S REMEATRIBE 7z,

C3H Scidw v A DHMSHRERZ T & BEREHE
ScidERDRERIZBI 2 BRIENEROEE L BHT S
7D CHY T AZScidEREPEAL-avyPx=2v 7k
FDC3H Scidv 7 A DHGTRERZHEZHAX, C.B-1TRHEE
ERETAHSCIAdRTADTF—7 LB LA (7). C3H
Scidw Y A DB EMAKETH BCHv 7 X LC.B-17T T X

ECE (%)
125

100

754

50 -

25

BE (Gy)

7. C.B-17 Scid<=7&, C3H Scid~=7RAENEN DMEHE
OHRFHBRRZM, £ EAHIZVIED=TRZ A, 8BS
T BT RLIEREDYCs vy ROLE—EIRE (RE
LREHH0.5 Gy) Z1T-o T, BHEHEI0B TTORLEREHE
&L, O:Scidwy R (), O:Scid~>v A (#), O:
C3H Scid=7 & (#f) . A:C3H Scid<7 & (#),

TISHRR I EIE 2 . TR L T3 # 7
Gy TdH o725, ScidER%H+5H<v AT, C.B-17Scid
X7 ADLDyysfEH. 2 CyTdH o =DIZH, C3H Scid~
T ATIE2.2 Gy BEILERZU ED o 12,

DED—EDEBYERTIE, TR EfFo 275, &
NIREEE RS R CHEEICHERSNIEF 20T,
FOREXBWONRE LD THbB, LHL, TTX
AERRATHRE LTVw2C3H Scidnii~ XA Tid, Kl
) Y SEDERBEERVEL 072720, 4 REOHE<Y
AW T b SRR Z R E AR, ZOEE, FER~
7 A DHGHERZHTIZ.C.B-17v Y X LC3HZ 7 X DE D
FHmEL, ToMEROHEED kb o 2H5, ScidvI AT
XC3H Scid~ 7 A THC.B-17 Scid~¥ 7 X T b HED LDy,
EIZHEDLD, o & D /NS L BEHRBRZUNB VLW
KR %187, C.B-17Scid< ¥ R £C3HScid< 7 A DKM
RFIvY AT ELLDRMERBICL THEVH %
C.B-17 Scid=w A LIFL A Y —B T BEER LT,

4 8 {2C.B-17 Scid< 7 A £C3H Scid= 7 X (M) kg
By v SERAERER L7, C3H Scid~ 7 R IHRg Y /%
B BRFEERIHEL, 0.5 Gy EOBSHREBSHC L o T
EERERIIE LAKT L7, C3H Scidv 7 X T3t
L BABPAREZEUMEVDOTIEZLR L, 0.5 GyTLEED
ETEBREVSIZELEZOLND, C3H Scidv 7 X% EA
L72®ix. C.B-17 Scid¥ 7 A ThTRrcALNBV(D) M
Az () —F—LIENIHRTHEEEL D 2 WRES

BgiRY /B8
REE (%)
100

75

25 -

0 F --------- # ---------- l. --------- -T
0 1 2 3 H
BRE (Gy)

B 8. C.B-17 ScidwwA, C3H Scidww&, C.B-17<%&
DHIRRY R JEFE AR, C.B-17 Scidwv & (). C.B-17
<2 (W) IOV THS A1000E, C3H Scid=7 2 (O) Iz
DWTIEE RE0EDE~T A% FW iz, BN AL R
BOYCs vy RESESO-IRIBHL, RAEFABFLE
EORIRRY > BEF A R EMHEBITR LT, C3H Scidwv R
IZDOWTIISGYBRTALITEAE DT AN B %308
PANIZBE = 3D T3GyDIHYIZ0.5 Gyx AV iz,



07 UAEEENS) HCH Scidv T ATiRIFLA LA
SNBEVEVIEENH -1 » 5 THb, LHL.C3HScid
TYRZBVWTH, V-F-—HRIIBEDOEZFHoTDH
BETII 2272 VO) JHEARZ OBE* Z&ICHERT 5
CIREZZEMERZEBVRITNER LRV,

C.B-17 Scid< ¥ A &C3H Scid~ 7 A DRHEMLF1~ Y
AEFoRPAERIIFERTLTVRWY, —FDR
GEBBEEL, MORKEXBELELTY, FHOHEYE
LT, FIRY ROMEIRY ¥/ ED BRFEERIZC.B-17
Scidw W AEVWVETH o T, MR v EREOREK
FHEDC.B-17 Scid¥ 7 RiZiEV L W) TR T— ¥ &5
TWh, MEHRREELIEEL LT, C.B-17ScidvT R &
C3H Scidv 7 A &ffio T LOBREGEF~—h — D&
AT RA TR, SCIdBIZTFEROBITREZ . Bl
BEHOELBH (RED D VZHE) T5850EE
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Il. Studies on Molecular Mechanisms of Radiation Carcinogenesis
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The identification of oncogenes responsible for the induction
of tumors by radiation is fundamental to elucidate the molecular
mechanisms of radiation carcinogenesis. We have demonstrated
that scid mice defective in DNA double-strand break repair and
V(D)J recombination are highly sensitive to induction of thymic
lymphomas (TLs) by radiation. To clarify genes involved in TL
development in mice, 57 TL cell lines derived from scid as well
as wild-type strains were established. We searched in TLs for
rearrangements of oncogenes known as the responsible genes for
human T cell leukemias/lymphomas by Southern blot
hybridization, and found the abnormalities of the oncogene
Notchl at high frequencies. Of 31 radiation-induced scid TLs,
11 (35%) exhibited DNA rearrangements whereas 20% (2 of 10)
of wild-type TLs displayed abnormalities, suggesting an
important role of Notchl abnormaliiy in TL induction by
radiation. Analysis of abnormalities revealed that the major

types of DNA rearrangements in scid TLs were intragenic

1. #
BUEIRDPAZHERTHILIREE - BREORBHBE
DOWFFE 6 % Chernobyl DEFHREHROBHUC & 5 st
BPBEDOHE DLV HEPTH S, BEBROREIAY X
YOYEEBRINLOL FOFEET—F EHRLITbIRTE
720 LBLEDS, ChODBALZEREAVTHERE

deletions and insertions of intracisternal A particles whereas
those of wild-type strains were a deletion and an insertion of
murine leukemia virus. These results are in contrast to the

abnormalities found in spontaneous human T cell
leukemias/lymphomas in which the major rearrangements are
chromosomal translocations to T cell receptors, suggesting a
different mechanism for the formation of DNA rearrangements
in radiation-induced TLs. Analyses by RT-PCR, RACE,vand
Northern ‘blot hybridization demonstrated the formation of
abnormal mRNAs corresponding to genomic DNA
abnormalities. Western blotting revealed that several types of
abnormal Notchl proteins including truncation of extracellular
domain and proteins composed of only intracellular domains
were formed. Since it is known that the intracellular domain of
the Notch1 protein functions as an active form for transcription,
these results imply that dysregulated Notchl plays a role in

mouse TL development .
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=Y INATYFLEAL T a itotal RNA & ) mRNA
ROBEL. RERCTER LA, 70— REXIKE T8
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Table 1. Frequencies of Notchl rearrangements in radiation-induced mouse thymic lymphomas
Strains Treatments Abnormality Deletion Insertion Inversion
ITLs*(%) (%) TIAPY(%) MuLV¢(%) (%)

STS X-ray, 2.4Gyx4 1/5(20) 1/5(20) 0/5(0) 0/5(0) 0/5(0)
C.B-17 X-ray, 0.5Gy 1/5(20) 0/5(0) 0/5(0) 1/5(20) 0/5(0)

or 1.6Gy x 4

or 3Gy

ENU, 2-10w 1/6(17) 1/6(17) 0/6(0) 0/6(0) 0/6(0)
scid Spontaneous 1/4(25) 0/4(0) 1/4(25) 0/4(0) 0/4(0)

ory -ray, 0.1Gy

v -ray, 0.25Gy 3/12(25) 2/12(17) 1/12(8) 0/12(0) 0/12(0)

or 0.5Gy

v -ray or X-ray, 7/16(44) 4/16(25) 2/16(13) 0/16(0) 1/16(8)

2Gy

a, thymic lymphomas; b, intracisternal A particle;

¢, murine leukemia virus



Fig.1 Genomic Structure of Mouse Notch1 Gene
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ROBITEHRIIR Y Y EIZOWT, $FHFINATY ¥
A¥AL a2k Notehl 5 ) A LOEREBREREL.
PCR B & Uwalking i2 & ) ZOEREME 7 u—=V 7L,
BEERY LY ZOEREZAEL 12, TRERORMKICBT

% Notchl DERBELFR LITRTEIRY Y SEOREIC

B L THEHRIEDIMED STS B X Uscid © 7 A DEF 4 R D
CB-17 IZBWT, X #d 5Vt ENU KE5IZBIT 5 Notchl
DBEFEEOBEEIIH2 0% TH S, scid v A BNV,
BARED 2\ 0.1Gy D y #EBFHT & 5 Norchl DERE
B 25%THY., 2Gy Dy HdHoVid X MESICLoT
ZORRFEIZHEML T2, Norchl DERL LT, #iE
FARSE, L a7 Y AKRYV 0 intracisternal A particle
(IAP)R =7 AHIMIE Y 4 VAMULV)DIEA B X I EIEF
RN RD b, BFEREKD STS # CB-17 28115
FRIIREBIUVUMULV DFEATH o 72, scid ¥ T AICH
FTHERIIRE, IAP DIFA, BIXUHNTHo7, Zh
COREDYT ) AETONEBLURERPFAOKRE S,
B2 d. ERBMIIIKES I 2FRCHFITONE, T4
bbb, EE®HAMLO S5’ @ (TL10. TL25. TL30. TL33,
TL36, TL41. TL42, TL47. TL51) . 3’ *# PEST 48
BEx&4L#EE (TL7, TL19, TLS0) . BL U TLS2 ICA D
N55" Khohirii: CORKTHS, TL7 # TLI9
TIREZ Y Y34 ORREEY 3" AICHITTREL TV,
TLS4 TidEAIAT 10 » B ETELTE Y, Z20ZEENE
RITSTEEDPTH V. BASA MULV BFRREETH Y,
gag MEEFOFTRTE pol REEFO—BERVTV 7 (£
ZBE) o IAP X5’ BLXU3' OLIR & gag BI&F & pol
RETF TR SN TV BA, HASRE AP RETF%S
BTH Y gag MIETF® pol BIEFO—MbH BV RETER
RLTW: (RREW) . HAMTIRY / A OBERF
MuLV D34 4bp. IAP DA 6bp ERL T2, )
R 7% Nowhl mRNA DEA (BREW) | ThH0ER
12X Y Notchl BIETFEEMOY ) ABERELT 20T, &

B &M% mRNA (CREVAEL S L e ENizoNotchl &IR
FIBERODH LMY > SEAIKHE L ) mRNA 2 58 L.
cDNA &L TZDEE% PCR. 5" RACEB L U3’
RACE ISk WHEHT L72o ZO%R. 5BEORMETFHRLE
BoMR ) ¥ AETHRELEZY Y YRRV RES
mRNA PFEESN TV, T2V V10627V r19%
TREL7Z: TLS2 TR EHOKMBEFOZ Y vV ERE
L7 mRNA SEA EN TV, TR E DR % /RE mRNA
DT I /7 BREEF]IE in frame THREF SN TV 72IAP 2 MuLV
DFADEE, AR LTS’ il mRNA & 3° fHlo
mRNA PEESIN TV, T2bH5, 5 HO mRNA 3T
IV Y1 OHEASINIZIAP H5H VT MULV O LTR £ T
FENT: mRNA 2%, 3’ O mRNA I LTR 2°5 3° K
T TO mRNA PELE ST S LHEESNZ, 37 RKICER
D&HBH TLT 2 TL19 TIIRME L7725/ A DNA 285 L7
mRNA P ELE SN T, 37 fIC IAP A¥F A S iz TLSO
TIZIAP O LTR ¥ TN/ mRNA 2 EE STV,
J=FUNLTNVFALEL Y a v OERILBOER LN
BLTBY. 7 DOERBACIE U2 R%E % mRNA DFELE
BEEIIRI > TV,

FE % Notchl 7-AXHEOELE (BREM)  Norchl
BIAFIC DNA BlREFEZ > TWa iR Y Y/ ETIHE
HFh mRNA BEEENBEI DS, ThEDHIRY v E
TiZ mRNA DREEICHIE L RE L7 AE CENEE &
hpt#EEESNT, 3" KWORTFFEREBTIH
Notchl HikZ V2o 2 Ay y7uy s 4 0 7i2E 7
MEBRORE LRI L 720 ZORRE, Notohl BIZTF-OHF
REIZREDH B 56 (TL30, TL36, TL42, TL47, B X
O TLS1) O scid MY > SEED D b, 4BITH ) ADR
FAIxHE L7253 7 AL S EASEEAE S Q72 Notchl &
ETOHIERIC IAP DIEAD S B 3 B0 scid Mg ) >/ IE

(TL25, TL33, BEU TL4L) BEUS' MICKEDHS
TL52 12 BT SHIA F A A > &% 0 BB D Notchl
AT EDEE SN TV, TREDEAECEDS b
97kD DT Oz A CRIZEFMRMR TIIBO ok h
272 TNOHDER XY Notchl SBEFOBREICL YV EE
LI:AMEKEPEESNDL ZLPHPTH S,

4. EE
A0, BURFR < T AMBR Y ¥ BB B AEIR



T- DT 4T\ Nowchl BIZFHHBEEICERELTWDH T
L& BV L7, Notchl BRI RSHRE R IR Y » k&
DRAICHLTHABRETE LTHEAT A L2 ZOKE
2R 5, Bk F o THIRREME, /) » 8 Eics
\WC Notchl BIZFOERIHREENTBY P, £hic ks
& & MZB T3 Norchl BIZF I3 MRS I8 D EGFR T)
WS N THIRZEMS (TCR) B RIEFREMICERE L T,

v oo THIRRHIME ) ¥/ SE TR SN BARET
DERDE {1E TCRBEEF L DEETH 5 ©4™P), gJif
FGEBEIC TCR @ V(D) AR DB THE { Rag EIEF
DEBBMFIRSS)VEDOLND Z L5, D AREFDEE
X VD) AR EEDREIEK-TELS LHEEEINT
Wh 41 Fk ARV L7 Notchl BIEFOREIIEFAR
BEBLUscid vy 20V TFRIZBWTCEREDNORE T
HY, FLERELBEATH 72 TNOHDREIGEL[E
BRIC VO MABRZEBORVICIVELLOPEHIEIHR
£ T THP TR Voscid ¥ 7 X i3 DNA OFHARKEE S
BEBIUVONAAMIDOVTRORLETH B H1029
scid Y RICBIT B P EORERIFERKICE
FARERIIERTELLBEVOT, ZhbonFhho
AENHBR) ¥ NEOREICHES L TwA LHERESNS,
YIHT S L7z DNA OSBRI LFEO 2 20BER THE->
TWHDT, ZRHDBREXFT 5IZiE VO EAafkL
@ DNA YIMTBRE C/ERYT % Rag BEFO/ v 279 b~
YACBIT MR YNEORELRARLGLENDH L, B
FEE T Rag-KO ¥ 7 RZBVTIHREHRBRIIR Y » 8 ED
BEEBIMTbR TG 600, Zhic k5 &, HEtg
B4t L7 Rag-KO w7 A XHRR Y Y /SEZFREL v 0%
DS, KRR VBRI V(D) A Z BRI
555 LEESND, LPLEVDL, £0HDEERTIIN
By v EOREEZEHE (18 EUA) LIERLTES
3, BRHICELERIVLETH S, /2 Rag-KO XY R
BILHRY) YREORELFABETFOEELOBERE
Notchl BIZF %8BS Z L id. Nowchl BIZTFHTMR
Yy NEOREICELTEELPARGBTFTHHI L,
BIRHLHMETH 5, -

Notchl BIEF M ABEFL L TERT 2 B0
412D T3\, Notehl BEFIMRBECEELAXE
HEBIZFTHHELDIC. BEERTFELUERTS 2, £
OB RO TH 5, furin-like convertase’™iZ X 1) {4t

‘A A~ RQRR THIHT & N7z Notchl 7z AL BEAT
n¥y4<x—t LTELCFETS % VAV F (DI ®
Jagged) DHEMASD EGFR IZEETHE, FD VT F VI

X b “D .y secretase HSFEE T T Notchl 7z AIE B 2 YIRTS
2 79 I 7z Notehl 72 A S EOMBIN F X £ ik
BRCBITL “, @EFOTOE— 7 —5HRD RBP-J«
P4 MIKES L7 RBP-I« BERTFICHE TS ™, RBP-)
« BERFIBEEFOEE XI5 5 45, Notchl 72 Ai£<
HH RBPIc BERFIIHETH L, BEFOBEEL{RE
§ % ¥4, Notchl #5HF2* RBP-J « EERF LIHFEIL
TEHET 5&EF & LT, Hesl~Hes5, ™, NF-xB2°7,
IL-6°*%9, ERBB-2" MHC classla. #-IFN.IL-2R a .GM-CSF™,
Deltex'™, Metrin 8 Ifi-204, Pre-T ™% EHFEE SN T
Wb, Lo T, TROEDEESINIAELEDE A
2 & 0 RRER ) B EMRELT L EI LN,
INLOEMOBRLY Nochl BEFIHARETE L
TR 270103, EEMEREICEILT 2L E
Thb, TOEHELLTIF Y FOL T FVELELET
BEMICESRT L LTERT IRV, Mlgst Fx 4>
ER\:7z Nowchl BIZFREEICHL TEENERETS
9. D& % Nowchl BREEFOEWEAELRICB T, &
Ashicey AR THRABLR ) Y E2FRTHI L
PHHREENTNDG 4%,

FHFFE TR b N7z Notehl BIETFOERICIE, EIEZTFH
K&, IAP 22 MuLV OFF A, B L UM T o7z, Notchl
BEALAND 7 4 VA (MuLV**9®2 MMTV®) O Al E %
R L7z AR Y Y NEOREMRE. 2 \vid MuLV
£ MMTV 2iHIRE &<y X0} ¥ ETHRE
ENTVS, IAP DIFEAICDOWT, ¥ RAAMBALCBNVT
Notch BIEF7 7 3 ) — D Notch4 I[Z IAP FHEA STV B
EHEINTYE D, HEHEFRE~ Y AJR Y Y NEICS
5205 DEAI OV TERBEI D TTH Y, WA
SN FRORETHET A EETFO—HIREL AT
ERTHo7z, THHLDFAVBATERIF LI A TR
Do b, BEHRAITIAP 2 MuLV OBAZFRL
TWBEELLNBH, ZOREICOVTRBERA» T
Vo EABMIZHIAN N X A v OEEBERAEE, BXU
PEST BN 5’ HTHHH. ThHOBWABHESNT
WHELE —F L7z #53, ThHOBAICL > THA
Eizx LT5” o mRNA & 3° I mRNA P EAEK



TVBZ EXhH RN F AL DA% DD Notchl 22 AT
CREMBA AL Y, HHVIZEE B L MEA K2
AV S DA EDOMADVEESNSL EFREND,

3’ KDY Notehl Pk Vo = Ay v 7ay 74~
FIiCEY, LA BREOLATSENEESA TR
LERBEL, ChODRELAISHIEROEFIE
RN T B Z e b, BERICL o THERSNLER
W& Notchl BIZF 2 EEMICEEAS € ERELAICE
TEEL, PABREBEFELTHERAZEL LHKiShD, ¥
TARYYTUYT A4 VT DERIHMBEARN ALY DETE:
BETHAILEOMICERL Y bHEVZAIL B
& (AR D—E2»5 3’ KigETEL DL AREEE LV
b)) BEINTW:, FFEPOHMLT, Ehbniz
AMELEIZBA R AL XD %% mRNA ICHFET 5 A
FAZ YOV 2PPERABIL LTERALRRLE
Abhb, BEICID L, BAFAL VPFEERFICR
57012 AR L 2D 3’ BlICRSEEFREMLF XL 73T
VETHD % IhoDBIEWDO—HRITHRORETFOER
ERFELTEHL TSI D D, BEBIHEZLD 5° fo
MuLV OFFEAICE YRS F XL YR EeFHEOLAECE
PEEIR, ZALIIMBRES LUERNCTR SRS S
EHFBESINTNE Y, ZNOPFEEIZED L 5 ITEAT
DB TRV,

BAHRIZ £ D Notchl BETFHEBICREAEL BT LAt
Hht ol BIEFHARKERTSBIDOMIRY N FEIC
BWT, ZOREFEBIIEEERBREE QMBI REIRICH
D, 4BITREFERERVIAGMR AT BIEESNRT
Wiz, FNHDREERIZIZ convertase AERET 5 RQRR
BRHINEET 5, Lo T, ThODERELAZER
convertase THIMF E NPT AFOFf<v—L LTRELICHE
LR EHTE EN B convertase REETIICERER LR
UL AES B, BRERBROEE L RAEIC. convertase
TYUMEN TR T IR EICFETIILHIRENT
Wa W, TxAFYTUY T4 YT OFREPREERE
L7z AECE RIS, SIBAFAS YDA DPLRLER
bbb A ENKRBICEESATVWAI NS, Th
H®D mRNA TRARDHBATHS A F+ = »HLHR
BN, EUHEHRLEAZCERIF Y FOY T FVERNE
3 y -secretase (2 & DREE T TUM ShEERFLLT
ERTBHEEZOND, 2N D Notchl BIZTFDREEIH

BSRBFRERY Y ETRDOLNEI LD, RE
Notchl BRIZTFIMMRY ¥ EOVWARETFE LTERTS

LELOND, ZOREOETIR., ZNEDEARE RN
EHEERTFL LTHEATAILERARTIR LOTHS
%%, '

Notchl BIZFICERD B 5 BGHHEREF scid Falg Y > /&
1NHDS L, 4BITIAP PEASR TV, $72, CB-17
FHEHROBEHEH TR Y > /3 16 TMuLV 258 A &
hTwi, WETTHREBRFRRRY " REIZBWT
Notchl B{ETFIZIAP R MuLV 25 A ST 5 &) i
17, IAP OIFAERTIE 3 FITIEEEHM D5’ HlifE
#. XU PEST §80 5" MEHTH o720 MuLV ZE
BEEHM0 5’ AESICHEAShTw, EEERLD 5’
BOEALMLIEA ~ b O TH Y, PEST $HBEHEDOEA
BBHBEOLIVY (7Y 34) Tholze TRLOLDIE
AT LY Notchl REZZASCEIFIEEINLDOT,. 2N
DAL Notchl BIZFEVBABEGTFICEL S oL
¥, IAP 2 MuLV DI AR WIS BSETHER L -1
BYUYHNETROONTVD, ZOKRIE, BIHHERD IAP
RMULVD P VARV Y a Y ERET LI LERLTY
B, IAP DT VARV Y avid IAP ® mRNA DEE,
reverse transcriptase {2 & 5 cDNA D&, cDNA D7/ L~
DEADBEIEZ ONL, BSHRRTOE—Y—, =V
N7H—L LTH L IAP @ LTR 2{EWLEE 2, 1AP @
mRNA DEEZ{REL ™, PSS VARY Vv a Ve RET
5O LHFEHLNT VD, b DOIEAIBETRTRMkR
JUNBICHREN RS OE, I ERRBERMR Y B
BIIAERELMETAZLICE VAR B, ABFFETIT
BRBEMIRY) Y NEIZOWTRELTWRWVWOT, 0
RIZOWTR I ARDRERETH 5, FHFAETIZIAP O
AW scid v 7 A TOHHZ LI, MuLV OF AITEERHE
D CB-17 RETCDHH b To S NS DEREN scid = X
DIEHBRIEF D DNA-Pkes BIEFOEBEBEL TWaE R
BB R R OMIR Y > B OPIRKE B % LT HE
THIELPLETHS,

ABFFICBVT Nowchl BIZFOEREZRARLY /) LH
BiEzsvr352534FTTHY, promoter FEIRNH T
VY2 FTCOEBIZOVWTIRERETH S, Mgy v
fEd 2\t THIBBE MR, ) ~ /& T Notchl BIZFOER
KOVTOREIDTHTHY . BERFRMIRY) >/ E



EOVTREETHD. 7V V1 HHbII Y Y 18I
TRELTWS TL52 OFI»LHBENE X512, 57 K
WHEBICERVE LA WMRENH D, ZOBEBEHARSLZ
EZED LD THREHRIC X % Notchl BIZFDERBEE
MEPICR B,

KRty ¥ NEOREICHE T 50 ABEREFIETIC
E& 29, TS DPFABETO—EIEHE L ThlRY >
NEOREIZES L TWwaZ EitbhhoTn5, FlzIE.
1EHAL N-Ras RIZT-ZHMBHL TV E <Y ATk THMRY
YNBERETENE, TNHDY YNED 68%IC1E c-myc
ZERNDH Y 13% 21 Nemye \CERD D 5 30, % 72, Bmi-1
HIEF L c-myc™®, &5\ iE Pim-1 &EFL L-my 545 H
LTERATAZLNENLDOELETFEATY ATHARLN
TV, Pim-1 BAR T ATREELIIIRY Y /ETIE o
myc DEFREH 5 ~20 FICHWML TV B ¥, 642, Bt
EERMIE Y Y SEIZBWT Kras 5 Wit N-ras BEF
DERL p53 BIZTFDERD 5\ i3 trisomy 15 (c-myc BIE
FEEALD & % Jetath) %085 BlAHE EN TS " Notchl
HEFOHE. c-myc BIEFEAT Y RIS MULV % Bl &
5% & Notchl BIZFIZHAENDS Z &2 5 Notchl BIZF
& cmyc BIETFLOBANREENATNSE ¥, 512,
E2a-Pbx ¥ 2 7 BIZETFHEATTAICBWTRERREICLS
MuLV DEARRAL 5, 8% DR VR ET
Notchl BIZFICHBAINTEY, HAICLY Y Y EOR
EFTOBRRBPMSER I L@BEIN TS Y, Th
SOFEREY, Nowehl BIZT MR Y ¥ XEORAEICEL
THETERTS XD b, OFTAEETLHREL TER
LTWAEHEENDE, BLABZFOMDOIFABEFOER
EYHFINAT)TALE¥AL T a Ik YAz, Notch 7
7 X V) —® Notch2, Notch3, KU Notchd \ZIZERIZA LD
bhiadhol, ZOZERIZ. MWIRY Y EOREICELT
Notech 77 2) =D 3%, Notchl EIEFIHEM/EAL
TWAHI ERRLTWV 5, Lmol. Mil, IL2R 5 \ZEEND
OENT, FNODORARY v ETIE4F T Notchl BIETF
DERIBEIN TR, L7z > T, Notchl EEFE
BRI L TERAT 2 ARG FRAE I CRAE IR TV AW,
L L%d 5, /D Notchl BIEF ORI V¥ 3L
BICOWTOERICOVWTTHY, 7uE—F5—»br
VY23 TORMCERNDITREIREShTVwD,

PABEGEFEFANHBRETIHRALCERT I LA

P53 DBPIZETHMOLNT VS, scid ¥ 7 ADERBEETFIX
DNA-Pkes BIEFTH Y .scid v ATt C RKIIZERER
MBdsbr "W, FDI2®, DNA-Pkcs BIZFRIARELFOH
BELTWALTHENS OB29 k5% scid v 7 A
BRI ONERZ BRICERETAZESHLORTWS ™,
& 5|2, DNA-Pkes BIZF D/ v 779 b= A T3
YONEENS 100%BET DL EFBESNTEY 9, scid #&
EFRPANFEETLELONR TV, L IIRBIEIC
BWTscid ¥7 AT Notehl BIEFHRBEICERL.ED
ZERiE Notchl 7ZAIEK BEOEREBEST L L 2R
scid ¥ 7 R ZBIT HBEHRFRIIR Y L EDOREHE I
FERKLVELIEL, TORERY S FERKICHEA
TRV, 2O Eenb, scid v AR VB2 R4
LRT VDI DNA-Pkes BIZFOREIZ X 54, MRy ~
NEDFEAIIE DNA-Pkes BIEFOAEIETTRZL, %
DDA BGFOBEVLETHLILEZRLTVS,

T 4bb, DNA-Pkcs BIZF DAL L Notchl BIEFNDER
BHELCHRY) Y EOREICEEL TR LEZLN

Ao

AR RGRIEDA ST 2 HARERET ORE
L. ZOBEDENT O DIITbIN, BIHROEINAY
A7 EZFHET 527> T, BHPADORESREKRLHH
CFa eI, RELISAMBTEMLTVW2®RIZTF%
FEL. ZOEROBKXEBENCTLILNEETH S,
ENOHEFRDL I LICL Y| BAHRIFE DORIZTFELY D
BOED, FARETFOEREERFAOREREE L X0
9 xicBREH LR ENBBREND, DL RE
HOYAIHENLETH S LIZEEEFHBRSHERE
EEL&DOHEE (UNSCEAR) THHRIEEA TS 0, &
MEICL>THIRY » /N EREFVERE L CHARETF
Notchl DERDDH H F LHHADPICL o720 4%, Notchl &
BEFOLFRCEY COERELAE L., BERICL A
BRIZFOEREELHM L, /-, SEEARSIN
PABREGFOEROAEEZHVT, BERELBHEICB
JEBETFERDERR., BERBERZEIEL. A
EFRLR T Vscid v T A ZBIT B BARGBFOLERDI
BEHEIMI LIV,
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