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Risk of Cosmic Radiation on Human Organs and Tissues Maintained in SCID Mice and
Transgenerational Effects
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Abstract: To study the risk of cosmic radiation, two projects, effects on human organs and tissues
maintained in super-SCID mice and transgenerational effects in the offspring of mice exposed to
radiation were carried out;. Morphological and functional (hormone secretion) changes and/or
mutations were induced in human thyroid tissues by high doses and high dose rate of X- and y-rays
(9-33 Gy) and reactor neutron (0.2 Gy x 6), but not by same doses with low dose-rate of y -rays,
showing apparent dose rate effects in human thyroid tissues.  Neutron (0.2 Gy x 4) induced
bigger changes in gene expression than 2 Gy of y-rays, suggesting high RBE of neutron.
Microsatellite mutations and lymphocytic leukemia were induced dose-dependently in the offspring

of N5 male mice exposed to 0.2 and 0.4 Gy of neutron.

The incidence was 10 folds higher than

our former X-ray and y-ray studies, again suggesting high RBE.
Key words,; Space Radiation, Neutron, Human Thyroid Gland, SCID Mice, Microsatellite
Mutation, Leukemia, F; Progeny
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1) HURARSHIAE S - R DR

Graves JWHEE L VB B, SR a S TR I N
b b ARRAR D5 SR A 5-6mm® O KX Z U L.
SCID ~ 7 ADLEAEHE FICBH L=, & FHRIR
KRR A B L 7= SCID = 7 ANFET, D WIELE L
7o, B N ERRIEGER A B Y (L. fthod SCID v &7
ZIZ[FRRD FIETRAR - AL, ~ 7 2 DR A
2 CEMMERZ5 -7 (Fig.1) . Zh bbb HARIE
AR ASAE SCID < 7 A2, Gammacell 40 Exactor 35 &
N, a2 —2HE L s v I 2L —42—%
VY, BREF 1.076y/min, B X V0. 23 mGy/min T,
b R FDRARZ B L 7= SCID ~ 7 2|2 1 BRI 16y
Dy FRIRE 21T o 72, FREFAYIZ SCID ~ 7 A ITEAE L
7o NEURBRA AR L. BURBRIC X 20k E D%
fbZF~7z, £7-. & MR AZ B L7 SCID ~ ¥
A L) R IMEE &2 BB L, Radioimmuno-assay y%iZ
Lo, v FERIEALE S (T) Z8IE LT,
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Fig.1 SCID biotechnology to maintain human organs
and tissues for space study
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Macro- and Micro-scopic and Functional Changes
of Transplanted Human Thyroid Gland by Radiation
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Fig. 2 Morphological and functional (hormone
secretion) changes in human thyroid tissuesin SCID
mice exposed to y—rays and neutron.

b bk FRIR A A L 72 C57BL/6J-scid ~ & A 11 L
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IZ R DM IE D EALZ T 2 A, T~
Xr, Rt ERERNEROLA L RRERORBD &
BN b, £z, b NRURIRZFEAE L 7= SCID
<7 ALY KM ZEBE L, Radioimmuno— assay ¥
LD v NIRRT (T) ZRE LR, R
L0 ERR R ER EF U R TH -2 (Fig. 2),
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p53. K-ras, c-kit, p-catenin 35 XN RET B{n ¥
[ZDWT, AITHIT X0 BT Sz iR R RIAL e 56
% W\ 72 v PCR-‘Cold SSCP’ £ ¥ L U Direct
Sequencing 12 & W . ABI PRISM 3100 Genetic
Analyzer Z HHWCHBIETFERDOME LI T2 2T A,
8 Gy A TIEX, WITNOBEFIT R EITFHI
INTW2RW, Ll . Table 1 1Zr L7228 <, 8-33
Gy MR ERIBHHE T 20 Bl 5 DD pb3 Bin 1D
ZEIRIE S S 4177, 2 013 codon 142 D JESRZS R |
2 ->1% codon 148, 152 @ Silent mutation TH Y, 1>
I% codon 180 DR KZERER T o7z, FTo. ckit
BT T 3 DDOZERERNPH S iz, FERRGHE
B LR ERIRTECIL, BARERIT RS- T
BoT, FEFICEWVBRERDREEZ R LT,

PR 0.2 Gy 6 [EIHBS b R FUR IRk E H~
ALz b RUMREERE TIE, p33. Keras,
c-kit, f-catenin, bak. BRAF ¥ X O RET &fs¥ D%
FL, HPETRRIRE L 5-13 » H TIIRH &SN Tz
AN

This document is provided by JAXA.



Table 1

Mutations in Human Thyroid Gland (Graves Disease, 20 ys) in
SCID Mice after High and Low Dose Rate 137Cs y-irradiation

Dose Dose rate No. of Mutation

(Gy) (mGy/min) mutation p53 K-ras c-kit RET B-catenin

8-33 1189 20 8(0.4) 5* 0 3* 0 0
[&-33 0.23 14 0(0.0) o 0o 0 o0 o |

Unexposed — 26 0(0.0) [o] 0 0 0 0

*12 Gy (142 CCT—CTT; Pro—Leu; 180 GAG—CA_), 14 Gy (148 GAT—»CAC;
Asp—>AsP; 152 CCG—CCA; Pro—Pro), 16 Gy (142 CCT—CTT; Pro—Leu)
p <0.01

** 11 Gy (657 TGG—CGG; Trp—Arg; 825 GTT»GCT; Val»Ala ),
12 Gy (825 GTTGCT; Val—»Ala)

3) BIATHOLEE

Affymetrix fL#ld~< oA 7 @7 L A (GeneChip, HG
Focus array) & H\>, & NE{sT 8, 500 ffl DR Bl L&
i~ To, b MHRBSHARAE SCID ~ ¥ 21T ¥Cs
H o~ E R 1.076y/min THRE L, 7. 14 H
Iz, & B ELRARERRL A 2B L, mRNA Al L
GeneChip TOfENT 24T > 7=, Table 2 |Z/R L= &
<.y MERERBE CIX. IR, 46%
PLEORBL O (B L8 23, FERE L &
HITHIM U7z, KPR RN BW T, &
k BLR IR A B A L 7= SCID ~ ™7 &2, 0. 2Gy HPEF-#5
1~ 6 [BEEZITV, 5 BFZICE N FRIRERE 2
ML, B FRBEEE LB Lz, JEREEETIE,
b N ERIRO R IC S Al 1R s 1
BUE, 12% 2T 560D, 2 — 4B TIZENLL
EOZIER, Lo L, BT TR 0.2 Gy &
2 — 4 [BIFRS% . A FEIRGTHAE & b L CTAH D
ERREARIFIEIC . BB I3 MoMEm 2/~ LT
% (Table 2) . AiEE MW, RETEE T DIEBLA T
NI, BREGREIRGE, 3 X ORI K
DARBLOMBIT R S o7,

Table 2

Changes in Gene Expression (8500 genes) in human
Thyroid Tissues after Neutron- and y- Exposure

Gene expression

Source Dose

>X4 <x1/4
Neutron* 0.2Gyx2 6.5 9.5
Neutron* 0.2Gyx3 21.0 16.5
Neutron* 0.2Gyx4 17.8 31.9
BICsy-rays 1Gy 11 11
BICsy-rays 3Gy 33 30

*Human thyroid tissues in SCID mice were exposed to 0.2 Gy
of neutron 1 — 4 times weekly and compared with concurrent
unexposed controls. Mutat. Res,657,68 2008 JRR 2008.
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Transgenerational Molecular Changes
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Ryo, Nakajima,& Nomura, JRR, 2006
Nomura, JRR, 2006, Mutat Res Rev, 2008
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Fig. 3 A method to detect microsatellite mutations in
mice; comparison with usual electrophoresis
method.

Changes in Hypervariable Sites
* Main reasons to use tandem repeat loci :
(a) High mutation rates.
(b) Mutation detection with small sample sizes.
» Three kinds of tandem repeats have been
used to investigate germ-line mutations

1. Minisatellites (human) Allele length

jf/;-, 500 bp to 15 kb
10 - 60bp

2. ESTRs (Expanded simple tandem repeats)(mouse)
100 bp to 20 kb

(
)
4-10bp
3. Microsatellites (human) (mouse)
ﬂ 10 bp to 1 kb

2-6bp

(Bouffler, Bridges, et al, 2006)

Fig. 4 Tandem repeat loci in mice and humans.
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Fig. 5 Microsatellite mutation and leukemia in the
progeny of N5 mice exposed to fission neutron
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