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Manned space exploration in China
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Prelaunch

Launch site

Onboard Sampling

28-day automatic cell culture
3

Manned space exploration in China



Space radiation environment
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Difference in QUANTITY



Difference in QUALITY: type & energy

Earth: Magnetic wave Space: HZE particles

5

Space radiation environment



Cucinotta & Durante. Lancet Oncol, 2006

iron

Asaithambi et al. PNAS, 2011 6

Space radiation environment
Difference in QUALITY: bioeffects HZE particles: Clustered DNA damage



7

Cancer risk of space radiation



23.6% new cases, 30% death in China
Chinese Med J-Peking 2021

Cancer: a killer
CA J Cancer Clin 2021

Incidence

Mortality

8

Cancer risk of space radiation



1. Risk assessmentχ
üNASA

üESA, RSA, CSA, JAXA

üICRP

2. Health monitoringχ

üBiomarkers

üTools

3. Countermeasuresχ

üPhysical

üBiomedical

ѧᴂᾣṃװḙљ ἴ Ố 2025

China
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-
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-
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Cancer risk assessment
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Cancer risk assessment

Modeling of

spaceenvironment

Modeling of

Biologicaleffects

IMS-CARA code

Risk assessment for carcinogenesis,
cardiovascular system, and others

DATA INPUT

Space environment

Of CSS, Moon, Mars,

or interstellar space

SIMULATION

Particle transport

Cross session

DATA INPUT

Chinese genetics

Epidemiological data

Experimental data

SIMULATION

Digital model of DNA,

cells, organs, bodyé

Dose limits

Evaluation prior space exploration



LEO

Surface detectors

Inside detectors

Deep space

GCR

SPE1972

30-year male Taikongnauts

Cancer risk assessment

Taikongnaut CSS core module Risk of 600 days

, ṃ ἴ, 2023



Nature Reviews Cancer, 2008 12

Cancer risk assessment



1. Effects of HZE particlesσ
Pei W, Zhou G*, et al. British Journal of Cancer 2025

Hu W, Zhou G*, et al. Cell Physiol Biochem 2018

Ding N, Zhou G*, et al. Advances in Space Research 2013

Su F, Zhou G*, et al. Radiation Oncology 2010

Zhou G, et al. Advances in Space Research 2010

2. Effects of mixed exposuresσ
Zhou G*, et al. Radiation Research 2006

3. Combined effects of microgravity and radiationσ
Ding Y, Hu W, et al. NPJ microgravity 2025

Tan S, Hu W, et al. NPJ microgravity 2018

Xu D, Zhou G*, et al. J Radiat Res 2014

Hu W, Zhou G*, et al. J Radiat Res 2014

4. Bystander effectsσ
Xu Y, Hu W, et al. NPJ Microgravity 2025

Hu W, Zhou G*, et al. RNA Biology 2014

Data we obtained
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Carcinogenesis of Space radiation

14

Impact of dose rate

üLow dose-rate exposure didnôtincrease the risk but enhance the malignancy of cancer.

Li et al. British J Cancer, 2025
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Carcinogenesis of Space radiation

15

Impact of dose rate

üLow dose-rate exposure didnôtincrease the risk but enhance the malignancy of cancer.
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16üSimulated microgravity enhances radiation-induced carcinogenesis.

Ding et al. NPJ Microgravity, 2025

Carcinogenesis of Space radiation
Microgravity
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üHalf bottom exposure resulted in medulloblastoma.

Carcinogenesis of Space radiation

17

Bystander effects

1. Neonatal (Day 2 with 3 Gy)

2. Heterozygous (Ptch1+/ - )

3. Half body irradiation Mancuso et al. PNAS, 2008

Medulloblastoma
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Carcinogenesis of Space radiation

18üSimulated microgravity eliminates radiation-induced bystander effects.

Ding et al. NPJ Microgravity, 2025

Microgravity
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Lancet Oncol 2006 PNAS 2011

HZE particles induce clustered DNA

Damages, which are hardly repairable.

Cell 2020; Nature 2024

Mitochondria are a hub regulating

biological response to space environment.

Mechanisms of IR-induced carcinogenesis



Eur J Physiol, 2016
20

Mechanisms of IR-induced carcinogenesis
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üLncRNAs are also a key game-player in radiobiological effects. 21

Mechanisms of IR-induced carcinogenesis
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NC LNC CRYBG3

üLncCRYBG3 directly binds to G-actin to block the assembly of microfilament. 22

Pei et al. Cancer Res, 2018

Mechanisms of IR-induced carcinogenesis



Guo et al. Under review
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Mechanisms of IR-induced carcinogenesis

üLncCRYBG3 directly binds to Bub3 to activate APC/C complex immaturely.



eEF1A1

Wuet al. Int JMol Sci,2021

24

Mechanisms of IR-induced carcinogenesis

üLncCRYBG3 directly binds to eEF1A1 to promote the transcription of MDM2.

Wu et al. Int J Mol Sci, 2021



LDHA

25

Mechanisms of IR-induced carcinogenesis

Chen et al. J Cancer, 2018

üLncCRYBG3 directly binds to LDHA and activates it.
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Mechanisms of IR-induced carcinogenesis

üUp-regulation of lncCRYBG3 alters the expression profile of lncRNAs.

Xiong et al. Gastroenterology, 20s1


