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Accumulation of repeated irradiation on children®s health
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Children are known to be susceptible to radiation-associated health effects.

Recent public concern is focued on the repeated CT examination, especially to children. In this study,
the effect of repeated exposure was compared to acute exposure in both infant (1 week of age) and adult
(7 week of age) mice. It turned out that the effect of radiation on lifespan shortening and T-cell
lymphoma development in infant mice was dependent on the interval of each exposure: the daily exposure
was more effective than weekly exposure and acute exposure. On the other hand, the effect on adult mice
showed no dependence on exposure regimen.

The local survey for childhood CT exposure was conducted. As a result, CTDI and DLP were almost
comparble to international DRL. The numerical values of various CT examinations after nationa-wide survey
were adopted as Japan national DRL.



2004 CT

2012

80

CT

CT

3.1.
B6C3F1
1
0.125Gy 0.25
1.0Gy 4
50

Y 137Cs
0.6Gy/

3.2. CT

CT

0.5Gy

2008

4,801 CT
CTDI DLP
1
T
1Gy
4
7
(i)46yx (i1)1Gyx4
(i11)16yx4
1Gyx4
1
CcT
52
3 1 2
CTDI
CcT
17

3

2011

DLP
DRL

15

DRL



D

2)

3)

4)

5)

6)

7

8)

Imaoka T, Hisatune H, Sakanishi Y,
Nishimura Y, Nishimura M, Shimada Y.
(2012) Progesterone stimulates
proliferation of a long-lived
epithelial cell population in rat
mammary gland. J Endocrinol Invest.
35(9):828-834.

Hirano S, Kakinuma S, Amasaki Y,
Nishimura M, Imaoka T, Fujimoto S*,
Hino O, Shimada Y. (2013) Ikaros is a
critical target during simultaneous
exposure to X-rays and
N-ethyl-N-nitrosourea in mouse T-cell
lymphomagenesis. Int J Cancer
132(2):259-268.

Imaoka T, Nishimura M, Daino K, Kokubo
T, Doi K, lizuka D, Nishimura Y,
Okutani T, Takabatake M, Kakinuma S,
Shimada Y. (2013) Influence of age on
the relative biological effectiveness
of carbon ion radiation for induction
of rat mammary carcinoma. Int J Radiat
Oncol Biol Phys, 85(4):1134-1140.

lizuka D, Imaoka T, Nishimura M, Kawai
H, Suzuki F, Shimada Y. (2013) Aberrant
microRNA expression in
radiation-induced rat mammary cancer:
the potential role of miR-194
overexpression in cancer cell
proliferation. Radiat Res.
179(2):151-159.

Iwata K, Yamada Y, Nakata A, Oghiso Y,
Tani S, Doi K, Morioka T, Blyth B,
Nishimura M, Kakinuma S, Shimada Y.
(2013) Co-operative Effects of
Thoracic X-ray lIrradiation and
N-nitrosobis(2-hydroxypropyl)amine
Administration on Lung Tumorigenesis
in Neonatal, Juvenile and Adult Wistar
Rats., Toxicol Appl Pharmacol.
267(3):266-275.

Homma-Takeda S, Kokubo T, Terada Y,
Suzuki K, Ueno S, Hayao T, Inoue T,
Kitahara K, Blyth B, Nishimura M,
Shimada Y. (2013) Uranium dynamics and
developmental sensitivity in rat
kidney. J Appl Toxicol. 33(7):685-694.

Imaoka T., Nishimura M, Doi K, Tani S,
Ishikawa K, Yamashita S, Ushijima T,
Imai T, Shimada Y. (2014) Molecular
characterization of cancer reveals
interactions between ionizing
radiation and chemicals on rat mammary
carcinogenesis, Int J Cancer 134:
1529-1538.

Daino K, Imaoka T, Morioka T, Tani S,
lizuka D, Nishimura M, Shimada Y.
(2013) Loss of the BRCAl-interacting

helicase BRIP1 results in abnormal
mammary acinar morphogenesis, PLoS ONE
(Online
only:URL:http://ww_plosone.org),
doi:

10.1371/journal .pone.0074013(2013-09
-06), 8(9):e74013. 0074013.

9) Ariyoshi K, Takabatake T, Shinagawa M,
Kadono K, Daino K, Imaoka T, Kakinuma
S, Nishimura M, Shimada Y. (2013) Age
dependence of hematopoietic
progenitor survival and chemokine
family gene induction after
gamma-irradiation in bone marrow
tissue in C3H/He mice. Radiat Res,
181(3):302-13.

10) Nakano M, Nishimura M, Hamasaki K,
Mishima S, Yoshida M, Nakata A, Shimada
Y, Noda A, Nakamura N, Kodama Y. (2013)
Fetal irradiation of rats induces
persistent translocations in mammary
epithelial cells similar to the level
following adult irradiation, but not
in hemato-lymphoid cells. Radiat Res,
181(2):172-6.

11) Shang Y, Kakinuma S, Yamauchi K,
Morioka T, Kokubo T, Tani S, Takabatake
T, Kataoka Y, Shimada Y. (2014) Cancer
prevention by adult-onset calorie
restriction after infant exposure to
ionizing radiation in B6C3F1 male mice.
Int J Cancer. 135(5):1038-47.

12)
(2014)
70, 562-568.

13) Imaoka T, Okutani T, Daino K, lizukaD,
Nishimura M, Shimada Y. (2014)
Overexpression of NOTCH-regulated
ankyrin repeat protein is associated
with breast cancer cell proliferation.
Anticancer Res. 34(5):2165-71.

14) Morioka T, Miyoshi-Imamura T, Blyth BJ,
Kaminishi M, Toshiaki Kokubo T,
Nishimura M, Kito S, Tokairin Y, Tani
S, Murakami-Murofushi K, Yoshimi N,
Shimada Y, Kakinuma K (2015) lonizing
radiation, inflammation, and their
interactions in colon carcinogenesis
in MIhl-deficient mice. Cancer Sci,
doi: 10.1111/cas.12591, inpress.

15) Nakada Y, Fujiwara M, Yakami M,
Yokoyama T, Shirayama A, Yamamoto H,
Nabatame K, Obara S, Akahane K, Blyth



BJ, Miyazaki O, Date H, Yagi K,
Hoshioka A, Shimada Y. (2015)
Optimized peadiatric CT dose at a
tertialy children’ s hospital in
Japan: a 4-Y single centre analysis.
Radiat Prot Dosimetry. 2015 pii:
ncv0o04.

16) Sunaoshi M, Amasaki Y, Hirano-Sakairi

S, Blyth BJ, Morioka T, Kaminishi M,
Shang Y, Nishimura M, Shimada Y,
Tachibana A, and Kakinuma S. (2015) The
effect of age at exposure on the
inactivating mechanisms and relative
contributions of key tumor suppressor
genes in radiation-induced mouse
T-cell lymphomas. Mutation
Research/Fundamental and Molecular
Mechanisms of Mutagenesis. In press.

17) Blyth BJ, Kakinuma S, Sunaoshi M,

D

2)

3)

Amasaki Y, Hirano-Sakairi S, Ogawa K,
Shirakami A, Shang Y, Tsuruoka C,
Nishimura M and Shimada Y (2015)
Genetic Analysis of T Cell Lymphomas in
Carbon lon-Irradiated Mice Reveals
Frequent Interstitial Chromosome
Deletions: Implications for Second
Cancer Induction in Normal Tissues
During Carbon lon Radiotherapy. PLOS
ONE, in press.

89
Aberrant DNA methylation in
radiation-induced rat mammary
carcinogenesis. , )
Aberrant DNA methylation in
radiation-induced rat mammary
carcinogenesis. 1CRR2015 (15th

International Congress of Radiation
Research), Radiation Research Society,
2015-05-28

Discovering the role of Pten in
protecting from tumours induced by
childhood irradiation. Blyth Benjamin,
Takamitsu Morioka, Chizuru Tsuruoka,
Yoshiya Shimada, Shizuko Kakinuma.
ICRR2015, 2015-05-28

Modification of radiation- related
molecular signatures by age at
exposure in murine tumors. Yoshiya
Shimada, Mayumi Nishimura, Masaru

Takabatake, Masaaki Sunaoshi, Yoshiko
Amasaki, Yuka Ishida, Yutaka Yamada,
Takashi Takabatake, Kazuhiro Daino,
Tatsuhiko Imaoka, Shizuko Kakinuma.
ICRR2015 Symposium, ICRR, 2015-05-28

4)

5)

6)

7

8)

9)

10)

The Molecular Mechanisms Underlying
The Induction of T-cell Lymphomas by
Combined Exposure to lonizing
Radiation and A Chemical Carcinogen in
B6C3F1 Mice. Shizuko kakinuma,
Yoshiko Amasaki, Yi Shang, Shinobu
Sakairi, Chizuru Tsuruoka, Masaaki
Sunaoshi, Benjamin Blyth, Tomoko
Sawai, Kazumi Yamauchi, Takamitsu
Morioka, Mayumi Nishimura, Yoshiya
Shimada. ICRR2015, 2015-05-27
Critical age at exposure and
underlying biological mechanisms for
radiation carcinogenesis in
experimental animal models. Yoshiya
Shimada, ICRR2015, JRRS Award Lecture
2015, ICRR2015, 2015-05-26

71
2015-04-18
Stem cell characteristics during
critical age windows for radiation
carcinogenesis in experimental animal

models. Yoshiya Shimada, Mayumi
Nishimura, Tatsuhiko Imaoka, Kazuhiro
Daino, Yutaka Yamada, Kentaro

Ariyoshi, Chizuru Tsuruoka, Shizuko
Kakinuma. Stem cell characteristics
during critical age windows for

radiation carcinogenesis in
experimental animal models.
5
, 2015-03-02
JRC2014
2014-04-12
Age related differences in

susceptibility to radiation-induced
mammary carcinogenesis in rats.
Yoshiya Shimada, AACR Annual meeting
2014, AACR, 2014-04-07

Age dependence of radiation
carcinogenesis in animal models.
Yoshiya Shimada, Mayumi Nishimura,

Kentaro Ariyoshi, Shusuke Tani, Yuka
Ishida, Chizuru Tsuruoka, Tatsuhiko
Imaoka, Yutaka Yamada, Shino Takeda,

Yoshiko Amasaki, Yi Shang, Tomoko
Sawai, Shinobu Sakairi, Ken-ichi
Iwata, Ayaka Hosoki, Takamitsu
Morioka, Shizuko  Kakinuma. A
International  workshop on  the
biological effects of low dose

radiation, Institute of Environmental
Sciences, 2013-10-21



11)

12)

13)

14)

o

@

®

. 69 ,
2013-04-14
AGE DEPENDENCE OF RADIATION
CARCINOGENESIS IN MOUSE AND RAT MODELS.
Yoshiya Shimada, Mayumi Nishimura,
Kazuhiro Daino, Tatsuhiko Imaoka,
Yutaka Yamada, Shino Takeda, Yi Shang,
Yoshiko Amasaki, Tomoko Sawai,
Ken-ichi lwata, Toshiaki Kokubo, Yuka
Ishida, Shizuko Kakinuma. The 25th
International Symposium Foundation
for Promotion of Cancer Research
"Radiation and Cancer",

, 2012-12-08
Effect of radiation on children.
Yoshiya Shimada, The 3rd workshop of
science and values in radiological
protection decision making, OECD/NEA,
2012-11-08
Radiation-induced carcinogenesis of
the mammary gland. Tatsuhiko Imaoka,
Kazuhiro Daino, Mayumi Nishimura,
Yoshiya  Shimada, The  Sugahara
Memorial International Symposium,
, 2012-01-26

75

SHIMADA Yoshiya

10201550

NISHIMURA Mayumi

70218204



