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A M, AR 61l H a4k i B g 1 5 4R
FERATIR FA 15%~20%"; 588K, X REAE A 1 i it
A . RGE. RA MBI IEAE & A & SR A 43 F AL
i, A RE R BT RISYT L, Bh B . 2 IR
TER, I ORI B B SE A

F B AR SR O AT T B EOR R 7o R 8 | KR
JE T R SE AT 2 A R A 45 SR S JRRE 2 A KU
IR AR O, X T Lot =, TR RN 6 R AL IE A

AR FAYR AN IR | 25 B FUIE™

GRS RS S R ARG . DI, R
SN N B PIR DR ™| BT B 5%
AT A B R R — B0 B, 8 5 08 KU 5 4
HEGH) 2 S BRARP PEAE G o R e . B L R
“hladE . e I . B ANZsaR 20 | R BRI L
JRgE . FL . A . IR b2 R e . IR
T, B 18 Pk I 40 B 1 i A (chronic lymphocytic
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N /[ R B2 R e N 7 N e o 4 IR Y
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JE T X FH4k . McConnell 551 §iE 52, HZE ki1
b X B2k, y ST SET ) S B S A B 2R . X
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Rt 22 BRI 2, HR S 5 SR A A BRI RN
AP R ) MR S S BN E R AR CaSki FEIH
FEIRGE AR RIS . ANMOE A RSN R
F AR, Yamanouchi A5 B, [F]H 2 88 T/ )
FIER ST, fR7 LA 5 ZR 70 Y €0 (A By A8 1 W) 35 e TR
4l R . Ding S AR IMAEBAUE Sy EE D, FRGT
AR TN S0 240 D ) 32 PR AR e M AR AR,
R R 5 (X 99 26<0.1 Gy, ik <0.3 Gy) T ik
120 55 W A A R e Ak . AR &
PRS2 [va) 5 S -5 A T 0y 30 o 90 45 40 P 05 25 ik
B UK 5l B-arrestin—1 (ARRB1) & A= i v, Fe 244755 3
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TSR Ao AT B, R Sl 2 g T A XIS 5 S ot S 7
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DNA 51455 i K LEAFAEAR ST, JEHUE: DNA
HEW 2L (DNA double—strand break, DSB) 540 461 .
LR ARG R YIMI ST ™, DSB B BE 15 4 bR S
U 2 UIAR O, AN ATMEE ) DSB 22, 43t
= DSB B A HERR PRI, BN S AR S8y, i
AR FTAT RS AHXT T X T y ST S IRAG L
J# (linear energy transfer, LET)$& #f, # & 115 S 1)
DNA #ifh 5 72277, S KB fE s | L2 H EE, B
AT, 15 DNA #0318 2 i AL, 231
FE DR g AR Ay L e XU G . JEE 4B Y DNA $i4%
B S AHOC LR A A A0 S B BRI A AR, TR R 30
DNA i 1116 8 R G A e 2, R X 4 3, J6 HL2 X
HZE K758 S AR U, 7625 4R S A N AR T g s
o RAATME N DSB IMBET, 45 [0 & 5 T8 T
TEH MR A0 DNA #1052 S0 A 1T
JERGERIRT ST o D38, T 76T DNA SR 54543
iR 5B E R — BRI RIS A
IR, T S AN 52 00 DNA SRS i e 27 {3k
Kl 22 1Y SR TN N, SR ) IR R B S S E Y
DNA i & 52 i 3 AR ™, DNA 5473 % A= R,
] 25 PR A AN P AR R 98 A8 i A 2R ™ T A i v
Y (21, J5T 25 460 Fiti 5 240 PO %) 355 0 FR00XT &7 8 SRR P o £
PUAS[A] () 25 AR LIRS, B YL (5 i) R MEseds . 20 i
ZRVRIRG, Qe ik R ™, fff DNA 7E4) 3 [ 12
1525 Jy B30, ANURT RS2 R 4 5 3 B ] DNA
i, i E Al RS2 5 DNA #1165 I FRgFE ",
S DNA #1018 ERCREAR . 25 MRS s, —
J7 i HZE %7 155 DNA BRI, 55— fiileE /)
Wb d R gL (i AT Kk, 2GR HIEE I DNA $8 565431
1300 5 IR RN A2 2 AR B, DT T e 4 A e XU o
2.2.2 JE4wFY RNA iz

4k 4t RNA (non—coding RNA, ncRNA)— it A
B AR E A M6, B Re R E 2, i AR
4wt RNA (long non—coding RNA, IncRNA) S 5 X J¢
CRDTER SRR EIC , Yot BT | 4 S | sk
TH. BN A0S 2 A A R R
HAR neRNA AHOC R 5T e s | AN/ microRNA |
IncRNA Y45 [ 1) J A & R 2 AR G, (H R4 K
173 IncRNA fIZHRETIATE R . Li %% B, HZE #i
TR, Ml R 40/ miR—1246, miR—1290, miR—
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23a, miR—205 5§ 5 il I /)N 2 M3 9 AH 56 B microRNA
(IR T 445, Fu S % B, S 1 R5s
P53 14 Fh IncRNA 1) 3% 15 2522 17 4% 51 15 = 55 Fh
IncRNA (1) 38 50AE, 48 B S EA TR 40U 60 R ) R B 1
B3R5 70 Bl IncRNA (3235 & A UE o JR M R4k
B2 2 S HR ST B A B A R B AR P BB Y
JIT DA B 1) HeLa 4 v %552 T 4T L B 58 0 4 57
i) B 10 43 FF microRNAPF1 20 ff IncRNA®, FH
H1, IncCRYBG3 %1k 5 4 R i 2 IEAH G, 1 H &
BTHRIRAIA SRIS I TER R X B, o %
ik IncCRYBG3 JIt 5| A2 (1) A= Wy 550 g 5 3R 3k £ %5 )
2, Lk w, SEUIIET; (HR A RIS A
L 10 A5, W01 o R B B4 5 SR 1 eEF1A1Y),
LDHA™ | G-actin®"4:45 &, W LK ik | et
W B G 2 A R, B AT A R R
IncCRYBG3 1193 #3530 1] LA 5 IncRNA Kk i5% 1
Ak, HorP L AFAP1-AS1 B Rk THE; B )R &
B, AFAP1-AS17] DL Bl — 45 £ Ik ATMLP, 1% £ ik
TENAELRAR T, BHIBTE KA Nipsnap HIRESMEE, A
T SRR 1 g, (75 W 07k 58 A, F2 2E 400 i 1Y
AR,
223 HREEBRHINELT

ML B RS SRZEY 1, s Y A4t
R Wistn . iz sh, D12z | o1k A
Gy 45, — BAZ 2 i B AR BT AR AN I E VR, )
WAESuR b R WO R IR E0R-A 1P e Ay 1] < P 73 €4
HAAE A R TEARASTE, FIrLAS DNA —#, 7] LI
BRI B, AT DL 320 1 4R (reactive oxygen
species, ROS) S5 [AIFE T ILAb, T2 B 450 2 5 4 iy
ATIB PR, FE2H e/ SR s APl — Bk Tk, 40
MIERS , o L AE RS 2 a2 25, L 5 5 3040 st
T7; L B IR T 2R B 2%, FEE I I T, e
iRl B AR A | {5 AR A Y T BE FR
2B IME SI J1H G S R R A, RIS IR SR
B, N R B T8 2 BK B, AR AB IS S IncRNA
IncCRYBG3 Fih7K-F- 1 it 2 [, 1 IncCRYBG3 A
BEAZA Gactin AHELAEF, 0122 15 A2 A 42005 1T
T2 B S 5 AN A B R e (o S B SR A T A, T 22
HA BRI A TR S SO T n bR, AT 52
Wi BE PR 9238 o A R Rl 22 1 A T L 1Y) ) 2 2 4R,
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TR ) PR EE A AR T 22 1 ARS8 R, DI 52 T FE, 25 % S5
FIAE RN PRI, fl 24 B 2R AR AT BETE 2 () 4 5 20
Beifs S n ivieg & ARy T R HE TR L IR VR
224 YHRESEEIE

LR —AZ I REAN RS, N 40 9
Ak BERE R DA T, ST | 2 B A D A
)1 FH, IR 200 e 45 5 1 1 s 2 7 3R 5 P
ROS 7= AT w2 G P UM . 2ok
P8 55 BB BTV T 55 200 B 2 R B R %) S 4t P 25 4
SR A B A AL AT M . A TR 2 R R R
1555 1] S B AR 2020 4F NASA 7£ (Cell)
FHFRAEEFT 30 REFHALC, RYIHGE T4
(i) A= W 0 55 ISR B Ag BRI I i 85080, & IR ik
2[RI R i A58 1) A 0 R008; 7 THT R 45 DG B P R 4 A
FHPT, 2024 4 NASA 7 (Nature ) X H7Fl & £ T ¢
TR A TRATHE M N A A P27 1) 255 [B) 4 2 s 2 R i
(space omics and medical atlas, SOMA ) R %1} 3™, i
— L T RN TS ) A TR LR RO
2023 4F, (Nature ) #f¢ i, & 4 1) 25 18] 431 5 ihi 98
2 L ) i o AL 205 %% DD AR OC, BLEIR /N2 L i 98 2 oI
T R R 5 DR 200 6 s 1) 88 A ) 286 STV A A 22

S B AFAPI-AST gifith . &7 T4k A iy £ ik

(ATMLP ) XF R0 [ A0 iR & A Hp i 4 4
LI K IncCRYBG3 A B 7E I T G—actin”"', LDHA™,
eEF1A1™AE Z AN (1, H I, Sk (A Fn e (T
T 22 B SR A LA 4 L 28 AEAE I By, L ] 4 20 B v 23
V1) 0 S BRI 04 o e 7, 5 853 PR A S e e, 4k
AW AL Tk T B AE . AR AR ST EUR IR B 1 AR
b 1 AL ) 7 T, Ma S8 U BT A Y kB, R
NADPH %Ak il A0 S04 BCHE 1] T Tl S mes, T dnb 20 4
WA/ N RIS & B G . XN, IR
NOX-ROS—Z b AAl1, AT E Ry B A 25 Al 4 A5 T 1
BB AR B B A
225 EINETH

213 B8 S P53 T 3 9 20— G 2 4 L — 1t 5
B2 A M 28 SO AR, E 5 P SO B, SR AR AT 8
A R T 2 T, AR DL TR T i R AN i )
IL-6. IL-8 8. /b 30%, w] #ill i E Ik 41 il 1) M2 #Y (fi2
JiIed A ) WA, T[] s B AR S 2 A il R ¥~ 3k, g5t
Jies G e I 24 NASA 2l , 25 [R5 5 PR 58 T i

60

YT RESZ IR s B, T ARG febrakd) CD25
FEIRTT L, (EL IR A L g Sk o, T e i ek
55— 200 B0 By TR PR3 5 B B IR 80 Y b N R
TS BEAE R R A BAUE S, A4DL iR 78555 24 h
A 2 3 iR N B K P B A A O 1R 4 AT S
71, H. PI3BK—Akt—eNOS 3 % 75 i 2 v £y 35 o 2 A
", NASA i i [# Br %5 [8] 3} (International Space
Station, ISS) #5450 & R, PR M6 248 B =5 1] il e
1R AN IAAR S WA BN 30%, H A4 miR—146a
Fk R E TG, % microRNA 1] B[] $1) 1] 40 iy NF—«B
3 [, HE— 2P ORI RN ", R 28 (R SR A T]
VER BT R 167 3K, Ay i TR ME I PR b I8 ﬁﬁdﬁ
BT E AR, 25 [A) 4R S PR [l A 25 | T
. TE R T2 H[Pﬁ?jFéﬂiﬂ@%Efﬁiﬁ%fﬁ%/}f%,
AT 52 M) AN, {RA Wb BETF g R GETRA B SE IR 5
i —

3R DNA #0515 | JEnfS RNA 842 55 1L
FFAEI S AEH, TR I e T4 8 TR R Y
zﬁﬂfﬁ] ;@Hﬂﬁ IETJ%QTTQHE@E@TDW 'ﬁﬁEEJ\_

3 BESrZIRMETRE TR

[ Sh2s ] IR i B B LARR 60 5. 201U
PME . < b TR 23 (B 0 iE - R A A OB AR
MIBFFERS Sy o A6 I o R S o R Y Bl I
T B H LR I i K J5) (European Space Agency, ESA)
1Y Kas IR . NASA /1) “JeadiE & A 1187 (Can-
cer Moonshot Initiative) & ACR IR LI(FE 1),

e ICOREPNTGRE I DIEE St acw VA i N
FETTHR) AR FLPE R R ZS A ) B 2 oA &R, JE L2
TR RS, HAZ O B bR Z— SR A DA 45 e
TE DY 10 8 S it 5 UG, JECATF 9 B S 4 g FH - e
2o IWEHERANURAT S5 IR, 7R i R 2]
R R SR AR AR 1 e K g 2 —, AR A
—FF it A A 0 A s 2 0%, B — 7 TH DR A
KRR, %—ﬁﬁ%’ﬁ%ﬁiﬁﬁﬁﬂﬁﬁ@% 20 i
28 70 AR IR, Blon/?ﬁUE%xHAEE“‘”

“HLML” %H:F A3 ()l b R S, IR
)Rk 27 G i FL s ) A A AR I R 2 AT R g AR
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&1 ZEMERXHARITL

E /4 BRI/ zEit%l TRE M
£ 2 FEHe IR &R ﬁﬂ%ﬁ%ﬁ%ﬁﬂ 1998—20164F %mﬁ%ﬁ
NASA%: IR H 2016—20304F 25023570
e B4 AL el 0 ot 00
N TnERAZ LG = RGF B4 Ao 19484 — 70077 SETT/AF:
e 2 T SR 4R 1A ARG S B 19734 — KAFF
H A H 7K [ 57 A B 53 23 [R5 55 P e A 2 A 5 19904 — KAFF

FRASA, R R R A YO, AT T RGN
BHRE . L3 4 P Irak R If 4L T X — 5
15, 76 15 bR 2s (a5l (% Bt B e 22 i A T AR DG 52 55 .
TEH [ G R A TR AE ) = 2 0t 5 T R B 5 R o
RS TR AR 2ROV S B AP I AR AR O TR, L
BR A RIS T 2 iR & i B A
AR EE AT Bkl 2= B i, 2 O S A A 45 R
2EBE A Y B 2E R AR T . R 1 e B TR [ 5y PR 2
KEF UL R AT R A% 5 T &5, 5 9% )
A4 25 R St AR 2 | TR Ty KR A LA
FARST BT E AT LN, AR SR BARIR SN R &R
b, K SE, 7648 ST A W SRR BT B 4
L A LA (B R 5l R S e 22 5

1998 4F, SE[E BEYEHS (Department of Energy, DOE )
Ja 3l TR & 8 9 F 58 11 K (Low Dose Radiation
Research Program), S ¢l 5 (<100 mGy ) A &
F(<10 mGy/h) 55T A= POs A9, A48 AR RLON |
T N7 P S I R 3 A, Y Bl B RS — B R A
2800 J3 37T, PR 1 TS N ARRGR] S R S o A AR
WY, NASA MRFEAT B 5 15 SC [ 58 S50 % 1 0 8
AL NSRL, 24535 A VEHLAL T 25 5] 55 55 1 1
D5 BT SEG, ARG s R S o Rl 5 1SS #52%
SEER I H AT 50 2R AR AT NSRL JF Jié 25 [H) 4 I
TR RIHLI . XEEP-5 | FEE A O SR a et 1
5 [EFNRR S [ 52 00 25 [ FR 56 AR ) 2 5T, A0 4 ]
JAMESY . NASA LRI & T S 55—~ 25 (0] 4
o K VAL R GE, IF DA BT T 28 [R5
2 ) T D U, 43 ) 4 S SO RO, LRI T
TS T A ge i, (45 58 [ 76 23 8] I 0 53 7 1
Qb Fase A . IR 2016 4EE, HATRAEK
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Opportunities and challenges in Chinese space oncology
HU Wentao', PEI Weiwei', HAN Pei*’, ZHOU Guangming"”

1. State Key Laboratory of Radiation Medicine and Protection, Key Laboratory of Radiation Damage and Countermeasures of Jiangsu
Provincial Universities and Colleges, School of Radiation Medicine and Protection, Collaborative Innovation Center of Radiological
Medicine of Jiangsu Higher Education Institutions, Suzhou Medical College of Soochow University, Suzhou 215123, China

2. Technology and Engineering Center for Space Utilization, Chinese Academy of Sciences, Beijing 100094, China

Abstract Space oncology is an emerging discipline that leverages the unique space environment—including high-Z and high-energy
(HZE) particle radiation, microgravity, and their combined effects—to investigate the fundamental and translational aspects of cancer
initiation, progression, diagnosis, and therapy. This review presents the research background and scientific significance of space oncology
and systematically summarizes major domestic and international research initiatives and recent progress. Special emphasis is placed on
two core directions: carcinogenesis of normal cells and proliferation inhibition/death of cancer cells under space radiation conditions. The
underlying mechanisms are discussed, including DNA damage repair, non-coding RNA regulation, cytoskeletal dynamics, organelle
crosstalk (e.g., mitochondria), and microenvironment remodeling. Key scientific challenges currently facing the field include the unclear
dose-response relationship between cancer risk and the different qualities of space radiation, unvalidated molecular mechanisms of tumor
suppression, and poorly understood differences in individual radiosensitivity. With the completion of the China Space Station and the
establishment of ground-based simulation platforms, China has unique infrastructure and collaborative network advantages. To advance
the field, five major scientific questions should be systematically addressed: dose-response relationships, carcinogenic mechanisms,
individual susceptibility, stress response and death of cancer cells, and tumor microenvironment regulation. A three-phase roadmap is
proposed: short-term to build databases and collaborative networks, medium-term to expand cancer types and promote clinical translation,
and long-term to establish a theoretical framework and support deep-space health. The ultimate goal is to develop a comprehensive
theoretical system for space oncology, thereby providing novel strategies for human health protection and for cancer prevention,
diagnosis, and treatment on Earth.

Keywords manned space exploration; space oncology; space radiation environment; microgravity; carcinogenesis; tumor

radiotherapy
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