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Manned space exploration in China
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Onboard Sampllng

28-day automatic cell culture .
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Space radiation environment
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Space radiation environment
Difference in QUALITY: type & energy

Earth: Magnetic wave Space: HZE particles
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Space radiation environment
Difference in QUALITY: bioeffects
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Cancer risk of space radiation

Number of astronauts Source
/ control participants malignant neoplasms
195 (selected 1959 - 1991) 1 0.5 Peterson etal., 1993 N erfEn i @
195 (selected 1959 - 1991) 4 2.1 Hamm et al., 2000 |/ -~
.3]?.(1?.5.‘2'.2.999)........................lf‘............£4.-§....... Fisher 2003 i
: 928 LSAH comparison participants 26 28 : Fisher 2003 Sy | PO | 55 mision
o0 o0l 0l .’ 0 0

Absorbed Effective Fatal risk, % (95% Cl)
dose (Gy)*  dose(Sv)
Men (age 40years) ~ Women (age 40 years)
Lunar mission (180 days) 0.06 017 0-68% (0-20-2-4) 0-82% (0-24-3.0)
Mars orbit (600 days) 037 103 4:0% (1.0-135) 49% (14-16-2)
'Mars exploration (1000 days) 042 1.07 4-2%(1:3-13.6) 51%(1-6-16-4) = F

'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'

Calculations are at solar minimum, where GCR dose is highest behind a 5 g/cm’ aluminium shield. *Mean for tissues known to be
sensitive to radiation and at risk of cancer’ including lung, colon, stomach, bladder, bone marrow, and breast and ovaries in
women.* Competing causes of death are included in calculations because they decrease risk probabilities if high (ie, >5%).

Risk of cancer death (%)

Nature Rev Cancer, 2008

Table: Radiation risks for men and women on missions to the moon or Mars

Lancet, 2006
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ABSTRACT LSSR, 2018

Cancer is an important long-term risk for astronauts exposed to protons and high-energy charged
particles during travel and residence on asteroids, the moon, and other planets. NASA’s Biomedical Critical
Path Roadmap defines the carcinogenic risks of radiation exposure as one of four type I risks. A type I risk
represents a demonstrated, serious problem with no countermeasure concepts, and may be a potential
“show-stopper” for long duration spaceflight. Estimating the carcinogenic risks for humans who will be
exposed to heavy ions during deep space exploration has very large uncertainties at present. There are
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Cancer risk of space radiation

Breast
2261419 (11.7%)

Lung

Other cancers 2206 771 (11.4%)

7 116 263 (36.9%)

Incidence ...

Colorectum
573 278 (3%) 1931 590 (10%)
Thyroid Prostate
586 202 (3%) 1414 259 (7.3%)
Oesophagus Stomach
604 100 (3 1%) 1 089 103 (5.6%)
Cervix uteri Liver
604 127 (3.1%) 905 677 (4.7%)
Lung
1796 144 (18%)
Other cancers

2 904 039 (29.2%)

Leukaemia Colorectum
1" 4 (3.1%
311594 (3.1%) 935 173 (9.4%)
Cervix uteri
M rt I 't 341 831 (3.4%)
O a I y Prostate
375 304 (3.8%)

Liver
830 180 (8.3%)

Pancreas
466 003 (4.7%)

Stomach
768 793 (7.7%)

Oesophagus
544 076 (5.5%)

Breast
684 996 (6.9%)

Cancer: a killer
CA J Cancer Clin 2021
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23.6% new cases, 30% death in China

Chinese Med J-Peking 2021
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Cancer risk assessment

1. Risk assessmenty

U NASA

U ESA, RSA, CSA, JAXA
U ICRP

R R (Sv)

. AL fif e NASA RSA ESA CSA JAXA
U 30d 1 06 0.5 0.5 1 0.5
N HR B 14F 2° g 1 1 2 2
u Wy A= 3 4* 2 2 4 5
30 d 1.5 1.5 1.5 1.5 2
Bk 14 3 0.2 3 4 3 7
HROb A 6" 0.8 6 / 6 20
y B 30 d 0.25° - 0.25 0.25 0.25 /
u " 1 4 0. 5° 0.2 0.5 0.5 0.5 0.5
3 P - DCAMERS/MER AR AL o 1 o6 1 ,
U o %5i—PR{E 0.6
1989 4% 9 H4FK SPE 0.25
Axeomilens 1 O 2025 9
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Cancer rISk assessment

________________________________________________________________________________________________________________

| DATA INPUT DATA INPUT

Space environment +— _' Chinese genetics |
.Of CSS, Moon, Mars, ' o T i EEpidemiOIOQical data .
or interstellar spg_i_gg______é _, Modeling of Modeling of .| | Experimental data
USIMULATION | ,__§9_§9§§D_\{![9”me”t _ Biologicaleffects | ____ 'SIMULATION
Particle transport ] | - Digital model of DNA, |
Certele wensport SR S— cells,organs, bodye

Risk assessment for carcinogenesis,
~ cardiovascular system, and others

Dose limits |
Evaluation prior space exploration 10
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Cancer risk assessment

"R e El MTR-2B3L38

=
FS

S
w

IR = (mGy/d)
° )
> Y

M, m 11,2023

0.0
PN ] "E  PRe .13 B ] 17 BREE 1482 (E|h) HREX
Surface detectors GCR 30-year male Taikongnauts
0.50
. 0 — wsmnanes.ro, W ATRAR AR
ok 1 - = GABBENEE mGy
¥ — REREEEE, mSv
=040 ) 34
L? 'vv'v..*v.. ' "v 4004 = = REREEEE, mSv
%‘"-3 vt o .-..-;'vs' ¥ = 8
$t0.30 v T ° -3 .: v M 5 N © 7
@ ‘o . :."‘,.",- "naee g \'~~_ °\°
EG‘ 25 F * & e 'mw.: 'ev“ t‘. -. : * e 200+ S e o
& . " - Y L‘v f 14
0.20 veeR ;H’ . T “ =.:
M I o L o s i e e
0.1 - .y
0 5 10 i 20 2 10 'o:;; ; 1'0 1'5 2'0 3'0 4'0 50
SPE1972  wmammsen’ — 4 N i
o W APRRAR N KBRtR/NA
3_
2
& 21
X
1 =
20 715 7;0 -5 In 5 LID IIS 20 : 0-
PR (cn) EREEE/g- cm? i B BFAE 217

2

;f:. 9] ,,’f %f‘ﬂ &% % ; Center for Radiation Biology

Suzhou Medical College of Soochow University ¢/ School of Radiation Medicine & Protection



~ Cancer risk assessment

Radiation Quality

Transfer of Risk
Across Populations

Space Dosimetry ||

Errors in Human Data J

Microgravity and
Space Stressors

0 1 2 3 4 5 6
Fold Uncertainty
Nature Reviews Cancer, 2008 12
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Data we obtained

1. Effects of HZE particleso

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 exposureso
Zhou G*, et al. Radiation Research 2006

x . 3. Combined effects of microgravity and radiationo

Z ; .9 Ding Y, HuU W, et al. NPJ microgravity 2025
sm G @ Tan S, HU W, et al. NPJ microgravity 2018
iy e Xu D, Zhou G*, et al. J Radiat Res 2014

Hu W, Zhou G*, et al. J Radiat Res 2014
psm & €9

4. Bystander effectso
CSM ¢ @
I ¢ N Xu'Y, Hu W, et al. NPJ Microgravity 2025

Hu W, Zhou G*, et al. RNA Biology 2014
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Impact of dose rate
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Impact of dose rate
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Li et al. British J Cancer, 2025
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Carcinogenesis of Space radiation

Bystander effects

A B D —=—WB 3 Gy (37) —o—SH 3 Gy (46)
——CN(51) —e— WB 0.036 Gy (34)
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3. Half body irradiation Mancuso et al. PNAS, 2008

Half bottom exposure resulted in medulloblastoma.
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CarC|nogeneS|s of Space radiation
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Mechanisms of IR-Induced carcinogenesis

o
Venn Diaarams Merae hOGG1 EGFP-XRCC1 53BP1
Lancet Oncol 2006 PNAS 2011

HZE particles induce clustered DNA
Damages, which are hardly repairable.
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Astronaut

blood
biochemistry and
genetic data

CIRCADIAN RHYTHM

Cell 2020; Nature 2024

Mitochondria are a hub regulating
biological response to space environment.
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Mechanisms of IR-Induced carcinogenesis

* Non-coding DNA  + Exogenous insults

* Defective DNA repair Aging
* Uremic insults? Wasting
Uremic toxing Environmental toxing
Cytokine retention Smoking
Vitamine deficiency Hormones

Sulphur amino acld disturbances Bacteria and virus

v

EPIGENETIC
MODIFICATIONS

* DNA methylation
+ Histone modification

Acetylation
Phosphorylation
Methylation

CONSEQUENCES

* Aberrant gene expression
* Loss of imprinting
* Chromosomal instability
* Microsatellite instability

Histone modification
Attachment of different
molecules to the

IMPACT ON &
PHENOTYPE

* Cancer

* Vascular disease

* Reduced life span

* Transgenerational impact?
* Telomere attrition >
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Key
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Eur J Physiol, 2016
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. Mechanisms of IR-induced carcinogenesis
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Mechanisms of IR-mduced carcinogenesis
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Mechanisms of IR-Induced carcinogenesis
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Mechanisms of IR-Iinduced carcinogenesis
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Mechanisms of IR-induced carC|n0geneSISA,_;__,,,;,,
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. Mechanisms of IR-induced carcinogenesis
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-log10(pvalue)

log2(Fold change) Xiong et al. Gastroenterology, 20s1

Up-regulation of INcCRYBG3 alters the expression profile of IncRNAs.
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