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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

4

Mars

0g

<1 mSv/day

CSS

Moon

base

1/6g

~2 mSv/day

1/3g

~3 mSv/day

0g

~3 mSv/day

Interstellar

travel

Earth

1g

~2.4 mSv/year

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
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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 assessment：
➢NASA

➢ESA, RSA, CSA, JAXA

➢ ICRP

2. Health monitoring：

➢Biomarkers

➢Tools

3. Countermeasures：

➢Physical

➢Biomedical

《中华放射医学与防护杂志》2025

China

0.6

0.75

-

0.2

0.8

-

0.2

0.5

-

9

Cancer risk assessment
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Cancer risk assessment

Modeling of

space environment

Modeling of

Biological effects

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, body…

Dose limits

Evaluation prior space exploration



LEO

Surface detectors

Inside detectors

Deep space

GCR

SPE 1972

30-year male Taikongnauts

Cancer risk assessment

Taikongnaut CSS core module Risk of 600 days

沈江燕等, 辐射防护, 2023



Nature Reviews Cancer, 2008 12

Cancer risk assessment



1. Effects of HZE particles：
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 exposures：
Zhou G*, et al. Radiation Research 2006

3. Combined effects of microgravity and radiation：
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 effects：
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

➢ Low dose-rate exposure didn’t increase 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

➢ Low dose-rate exposure didn’t increase the risk but enhance the malignancy of cancer.
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16➢ Simulated microgravity enhances radiation-induced carcinogenesis.

Ding et al. NPJ Microgravity, 2025

Carcinogenesis of Space radiation
Microgravity
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➢ Half 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

18➢ Simulated microgravity eliminates radiation-induced bystander effects.

Ding et al. NPJ Microgravity, 2025

Microgravity



19

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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➢ LncRNAs are also a key game-player in radiobiological effects. 21

Mechanisms of IR-induced carcinogenesis



DAPI ADV1 MergeACTIN

NC

LncCRYBG3

sh1

sh2

IB: β-actin

IB: β-actin

NC LNC CRYBG3

➢ LncCRYBG3 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

➢ LncCRYBG3 directly binds to Bub3 to activate APC/C complex immaturely.



eEF1A1

Wu et al. Int J Mol Sci, 2021

24

Mechanisms of IR-induced carcinogenesis

➢ LncCRYBG3 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

➢ LncCRYBG3 directly binds to LDHA and activates it.
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Mechanisms of IR-induced carcinogenesis

➢ Up-regulation of lncCRYBG3 alters the expression profile of lncRNAs.

Xiong et al. Gastroenterology, 20s1



Pei et al. Adv Sci, 2023

27

Mechanisms of IR-induced carcinogenesis

➢ It is not AFAP1-AS1 but its coded peptide promoting carcinogenesis.



Pei et al.

Cancer Res, 2018

Pei et al.

Under Review

Hu et al.

J Cancer, 2018

Pei et al. Adv Sci, 2023

Pei et al. Int J Mol Sci, 2021

Carcinogenesis

Mechanisms of IR-induced carcinogenesis

➢ One lncRNA leads to carcinogenesis by simultaneously targeting on multi-proteins.



Mechanisms of IR-induced carcinogenesis

➢ Cellular evolution occurs in the proliferation following exposure.

Li et al. Bri J Cancer, 2025
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Mechanisms of IR-induced carcinogenesis

➢ Carcinogenesis is a quantitative-

to-qualitative process.

➢ Low dose-rate exposure raises higher

malignancy.

➢ Low dose-rate exposure shares no

evolution route with acute one.
Li et al. Bri J Cancer, 2025

➢ Low dose-rate exposure increases the

number of interacting ligands.



➢ Biological effects：
1. Low dose-rate HZE exposure does not increase cancer risk, which

means those data of cancer risk obtained with acute exposure are

applicable for risk assessment.

2. Microgravity enhances radiation carcinogenesis, which has to be

considered in risk assessment.

➢ Mechanisms：

1. LNC CRYBG3 simultaneously regulates multiple cellular processes

by targeting on several proteins and even lncRNAs, therefore it

might be used as a novel target for cancer prevention.

2. Tumor evolution is a quantitative-to-qualitative process and its

direction is dependent on exposure method. Key ligands during

tumor evolution might be applicable for cancer prevention.

Summary

31



Thanks for your attention
Tom K. Hei, Guenther Reitz, Francis Cucinotta, Chuanyuan Li……

Hailong Pei, Weiwei Pei, Wentao Hu, Ningang Liu, Caiyong Ye……

Yingxian Li, Tao Zhang, Mei Hong, Biao Chen, Shizhong An……
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Summary

34➢ LncCRYBG3 gene therpay and photothermal therapy using mesoporous nanoagents



 High HZE particles

 High energy

 Low dose-rate

Mixed radiation

 Secondary radiation

 Combined factors

Solar particle events

Galactic cosmic rays

Trapped radiation belt

Space radiation environment

35



Mice, WBI, 30 min P.I.
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Unpublished dataRadiat Res 2010
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Countermeasures
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No. of

participants

No. of

cancer

Incidence

(%)

312 astronauts 14 4.5

928 counterparts 26 2.8

Limited scale of cohort

Radiat Res 2007

Data of atom bomb survivors：
Acute exposure

Data of occupational worker：
Different type of radiation

Lancet Haematol 2015

NASA-LSAH：

PloS One 2014

In vivo experimental data：
Not human being

Fe

Si
H

g-ray

37

Carcinogenesis of Space radiation

Radiat Res 2003

J Epidem 2018
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Under review

Carcinogenesis of Space radiation
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Ding et al. Adv Space Res, 2013
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Pei et al. under review
➢ Microgravity and radiation have synergistic effects on the induction of EMT.

Carcinogenesis of Space radiation

39

Microgravity

Under review

Cell models Treatments Effects Ref.

human fibroblast 
1BR-hTERT

X/C (0.5, 1.5 Gy)
3D clinostat (24 h)

increased CA 
Hada
2019

human 
lymphocytes

X (1.5 Gy) 
cuvette clinostat 

(2 h)
increased CA

Mosesso
2001

human peripheral 
blood 

lymphocytes

γ (5 Gy)
RWV (0.5, 2, 6, 24 

h)

decreased DNA 
repair

Mognato
2009

human 
lymphoblastoid 

TK6

γ (1, 2, 4 Gy) 
RWV (24 h)

increased HPRT 
mutation and 

MNF

Canova
2005

human peripheral 
blood 

lymphocytes

X/γ (1, 2 Gy)
RWV (24 h)

increased HPRT 
mutation

Mognato
2005

human fibroblasts 
1BR-hTERT

X/C (1 Gy)
3D clinostat (48 h)

DNA damage and 
failure of cell 
cycle block 

Ikeda
2019



40➢ Simulated microgravity enhances radiation-induced carcinogenesis.

Ding et al. NPJ Microgravity, 2025

Carcinogenesis of Space radiation
Microgravity



Tan et al. NPJ Microgravity, 2020
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41➢ Simulated microgravity enhances IR-induced DNA damage and cell death via RAC2.

Carcinogenesis of Space radiation
Microgravity


