FHEMEHR S BABEEICE D

BEEME 2021 £

BERA BXENT) HKEZ (2 - WEWH), BETE (20 - KEH),

ZEEE EW - KEWH), REMZE EH - EW), SHHEE BEXEHNF)
PHEKEF (KX - ), MEABFOEHEK), FE (Prairie View A & M Univ),

KIBF (JAXA), RERE (REHXK), FEML JAXA), fBEERTF (EW - KEH)

Research on Combined Effects of Space Radiation and Variable Gravity

— 2021 Annual Report-

TAKAHASHI Akihisa*, SUZUKI Kenshi, TSURUOKA Chizuru, MORIOKA Takamistu,
TAKESHIMA Tsuguhide, YOSHIDA Yukari, NAKAMURA Asako, IKEDA Hiroko,

HADA Megumi, NAGAMATSU Aiko, OHIRA Yoshinobu, INATOMI Yuko, KAKINUMA Shizuko
*Gunma University Heavy lon Medical Center, 3-39-22 Showa-machi, Maebashi,

Gunma 371-8511, Japan

E-Mail: a-takahashi@gunma-u.ac.jp

Abstract: The goal of this study is an acceptance of 2022 Research Solicitation for Feasibility Study
of Science Research utilizing the Japanese Experiment Module "Kibo". We will try to the study of
carcinogenesis under tail-suspension after irradiation in mouse models, and verify the possibility of
space experiments. Completion of this proposed experiments will allow us to evaluate the cancer
risk of not only space radiation but also gravity and to reduce the uncertainties in risk assessment.
We hope our project will contribute to the safety of space mission and overcoming cancer. For near
future experiments in Gateway and base camps on the Moon, we will try to establish the high
sensitive assay system for carcinogenesis. In addition, we operated the Simulator of the
environments on the Moon and Mars with Neutron-irradiation and Gravity-change (SwWiNG) as a
platform of space radiation research. Here, we report on the progress of this year.
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1. IRDE=R

FHTOWEHENE L vl 5128, #ix<
T 5B REIE < BT L, DNA IZER4AE L
(Ohnishi et al, J Radiat Res, 43:5133-6, 2002; Ohnishi et
al, Biochem Biophys Res Commun, 390:485-8, 2009), 2
SRASHL 73 Z 1 (Yatagai et al, Radiat Environ Biophys,
50:125-34,2011), Je&fARE 2L, Bt 272<TH
FH BRGNS NMEICH END Z LidbinoT
% (Cucinotta et al, Radiat Res,170: 127-38, 2008).

LorL, SEFICTFHERITIRBR O &H 2 FH M7+
DFEBATENEE 2 D &V I FERITH/ SN TR0,
FHBMMOIZ L DNBASY A7 1%, 1SS TOHK
1FREOWAETIE, BRIEL VLT D Z &
%, BLEMICITIEFICHEE L. W FEROEFEH ~O
AHANGEEITBWTIE, BRSSO L, FHIK
N R T v 7 ENTWARUT LU ZEE L,
ZERD K7 LTI K 2 KREOFHBEHRC, #H»
ST OFBETRIERIC L D FHRATAOBEAL $ 22 & )
T D m TR X RN D SR ICE®R S
DLy, FTHRTEICE 2 DB MBI
5. KEETOEE & HEHRICET 58 2 40
M ORI R, £ 1Sv LHEEIN TS (Hassler
etal, Science, 343:1244797,2014). =~ OfEIL, f&EIFFE

FHUZ BT 2 BARFOMEIRE (250 mSv) ##H 2 T
BV, BRKRBENEDT 1SS ERFHMTLOALTE
FhARERIR I ET D, FHEMICE T 2 KRR
REMWIZ TIX, VAZBBBIND R D H
L3, ik B B DENRETE S 2D 00, +57
ICHLMNCERTWARY. BB AA, FHMEHRRE A
BLOKED 1/6G, 3/8G DIKE ) & OEAREL
ELEEN TV R2WVWORBRTH D, EFEHAA
RAERRZ BANZH X, FHRITEOR R - ZLOT
DICH, AIIDAEY A7 #IELL T 5729
\Z, TR EE B OB EELPONCTHT
ENMBELEZ TND.

ZIVETIT, HxITBHBRIETT VIR DD
BT, M 2 5% AL, BSADOHETTH
FEHZLAMeFR L T- (Takahashi et al, Int J Mol Sci, 19:
3959, 2018). &51Z, 3D U /AKXy NEE Z B
PUNEIT T O X #as LOERL TR F RS~ 27 2%
Bri-ICBEREL7= (Ikeda et al, Biol Sci Space 30: 8-16,
2016; Ikeda et al, Life Sci Space Res 12: 51-60, 2017). =
DIEZ A, BARFIBURIT 21TV, B R &S
W/ INEE ) 00 [T RERGE L2 0 e J&) 1 28 IE L <458 1,
DNA HENELEEI N WEES ) AR LZE R IR
THREREFF D (Ikeda et al, Int J Mol Sci 20:4791,
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2019). IHIT, #A Il THIFIIEHIIL T MLk T 5E {2
N ) T RS SV AR IR E T R SRR &t
T, X MBLOBERAROWVT AU T Yk
FURBEE N @L< b2 EE LI TS (Hada et al, Int J
Mol Sci. 20: 43, 2019; Yamanouchi et al, Life 10:187,
2020; Yamanouchi et al, Biol Sci Space. 35: 15-23, 2021).

2. Aoy rO—F a4 v OHEL
TAIBARBH~ T A% Wz Ti/hE )T
DADETITREDDN? | L) T —~ T 2018 4
FEIAXA ZE2FIH7 4 P8 U T 0 AX T A BFSRIC
RIS, FHIEROEDR Lkha BIE L CTH(H %
TTHTWDE., Kyarbha—F 47 OI—/E
N~ A% HNT, UNET) TR A OFRIENHE
ZDDON EFHERCTHENIODLZETHD, SV
ZHETMAMKEL DI Z ML IBANRHKD |
Z LB aA T, M ERRREBR T E T R &
BSL, REED 74PV T4 AXT 4 Bz H
fRLTW% (Fig. 1).
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Fig. 1. In vivo SEBRAH 5

2019 AT, MR MER o0 2 T X R 2
Gy g+ L, 7 #-10 B 3 HE BB ELITV, i
a3 3oz (Fig.1). BHBEEL T, BHEE
DM L D IGIEE S & IS A X ~D BT D
LR o T, BEEECIE, FEMSTHE & e~ TS
BT OIS o T2, —J7, BEBETHREEED
B X > TR IOEWVIZR bR - 7.

2020 4FEELE, FHTO~ U AOFREHF RS
TWAHZEND 3 BEMORMBRIERE, X 6IT@F
B S5HEBION7 HITOFEICEEL, WhIXFH
SyvarPbmBELIEY T ADENA B L T
TR AT o7 (Fig. 1). WHFEE & T, R0y 7 i
BRI 2, BENC L > C, BIEBEHEMNT 2 50
O, BHBEODH D7 L CHEBEORICEREITISED
o,

£ 2T, 2021 R, BREITFHEEEEZRE LI
Bre L CREHBIEOMBREZ 5, HFEbTEET
% Z Lz LT=(Fig. 1).

I 512, Gateway, H « KEOHETFHTZZ, [F
HHR & EABRES (LI L 2B EHE 2D
NE PR OFEBRG EE X TODD, WFH
TWOERBRTEX 200 EAREEETHD. TNTHLE
O EIE %, WHRA~ORA &, AT O D 7=

W, RERQRE Y a rafike LTHIAL, BREITH
7R Gap Y, EET LR EEmODLI LA
o TWD. 2019-2020 1, H ETHRAKEDK
) AR E RO R R R BR B A AR L A A
(SWiING ; Simulator of the environments on the Moon and
Mars with Neutron-irradiation and Gravity-change) % B &
L 7z (Takahashi et al, Life 10:274, 2020).
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C3B6F1 ApcMi* 33 A BT L~ 7 A& VY, 11
WMoOEMEBHBEICEL > T, 1) ERE2EELE
Control #f & iR EERER] CHEOSEEUC 221X b7
MoTzs, Gateway FEER H i L7 FUATEE & FUST+2 5
WRIERE CHESICA BN bz, —JF, g5
T A X, JEEEE A X & #T & Lz Tumor Load
FEHBREORABCHEEIIRO DN roTe. 4
BIOFER D, FHBHR EMNE OB EREIC
L BN ATCHED ATREM N IR SN, A7 b
0—7 4 VIR K o> CTREEBROBEEZHAIC
THENTE.

SWING 3 RFfijigEFE% D ¥ 7 T2 X, RNAseq IZ
LB RIAT—X % L2, 57,773 Bin 1%
CLC Main Workbench EDGE analysis % f\ T, &V iA
5 p<0.05 T Control % ~X— 2|2 0% %,
Heatmap Z1ER L7=. F72, FEMZRMEHIM BTN,
RE N2 D220 T [ # & oA R TRl
JAEIME (R MR ,  [Notch, TGFB, TNF B {5123
EEL, TOM, NAOEST (HEE - =R - i5) (1
B4 2 BARF N EE T HH RO b

FERRIT, REBEICOSAMIEZ 2 B OW TR
INENCT D L, ERMIECIEE LR 0o 728, A A
W= gls A s e T B L, 2iMRE
DEBTET L Lao& L.

FH OMUINE T TR O BN L O AT EENE & 7R,
FHERO L —X%/HDH T ENTET.

4. SRDEFEE

ARENAET NVERTIE, IORIE5M0ND O
/INEEIVREE, - MUNEIRER L RSB O
AA T % ONIOFF 52 L TRV AZHET HE
TN~ ZAERANRNE, BRAICKIETHNES
DFENR LN EXNRBINT. £, FEK
SR & BUNE ) OB A B LT LFHERTIL,
S SITHERRIEZ ED B WNENAETILNRD 5
5.
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