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Abstract: To study the human risk of cosmic environment (including neutrons) in the flying body
and space base, (1) Morphological and functional effects (including changes in gene expression) of
fission neutrons on human thyroid tissues maintained in super-SCID (severe combined
immunodeficient) mice, (2) Microsatellite mutations and leukemia in the offspring of mice in the
space environment, and (3) Protection of radiation-induced defects by food and supplement, and
effects of space environment (including micro-gravity) on human diseases are carried out by using
specific mouse models. The first two projects are ready to be carried out in the space environment,
although these were cancelled in Japan (and also in USA and EU). As for Project 3, we
demonstrated protection of leukemia and congenital anomalies by AHCC (Active Hexose Correlated
Compound) treatment, and strong effects of micro-gravity (uG) on behavior and gene expression by

parabolic flight were shown with panic mouse model.
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Fig. 1. Dose-dependent changes in gene expression in
the transplanted human thyroid tissues after neutron
and y-ray exposures (Mutat Res, 2010).
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14 Genes Responding to Radiations

C7orfes +chromosome 7 open reading frame 68
SERPINE1 +serpin peptidase inhibitor, clade E (nexin)
ADM +adrenomedullin

ENO2 +enolase 2

ANGPTL4 +angiopoietin-like 4

PLIN2 +perilipin 2

DIOA - deiodinase, iodothyronine

COL9A3 - collagen, type IX

TFF3 - trefoil factor

HK2 +hexokinase 2

BNIP3 +BCL2/adenovirus E1B 19kDa interacting protein
BHLHE40 +basic helix-loop-helix family

CEBPD +CCAAT/enhancer binding protein (C/EBP)
SEMA3G - sema domain, immunoglobulin domain

Stress and Injury; 8 genes, Apoptosis; 3 genes,
Translation; 2 genes, , ,,

Table 1. 14 Genes showing more than 4-fold changes
in gene expression in all the thyroid tissues exposed
to fission neutrons and y-rays. (Mutat Res, 2010)
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Fig. 2. Microsatellite mutation and leukemia in the
progeny of N5 mice exposed to fission neutron
(in preparation).
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Fig. 3. Scheme of experimental procedures of AHCC
treatment to C57BL/6J mice exposed to y-rays.
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Fig. 4. Suppressive effects of AHCC on incidence of
leukemia after *'Cs v -ray exposure (1.7 Gy x 4).

AHCC in y-rays No. of TBA  Leukemia

Drinking water (Dose) mice (%) (%)
2% 1.7Gyx4 54 29(53.7)* 19 (35.2)
0% 1.7Gyx4 68 49(72.1) 37(54.4)
0% none 71 17(23.9) 0(0.0)
2% none 20 3(15.0) 0(0.0)

*1.7 Gy of YCs y-rays were given 4 times at 6, 7, 8 and 9 weeks after birth.
=2% of AHCC were given orally at 5§ weeks after birth for 2 months and then
2 days per week until the end of experiment {24 months)

*P<0.05by x2test
Table 2. Reduction of radiation-induced tumors and
leukemia by AHCC in C57BL/6J mice
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Fig. 5. Experimental procedures.
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BH-4 (panic mouse)

Cerebrum | Cerebellum | Liver
Decrease 77 6 10
Increase 7 1 19

BH-8(control mouse)

Cerebrum | Cerebellum | Liver
Decrease 16 >300 14
Increase 2 15 13

Table 3. Numbers of genes showing 16-fold changes
in gene expression just after pG flight.
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