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Physical effects of being in space

Altered gravity

e Lack of gravitational loading
e Lack of hydrostatic pressure
e Lack of convection

e Lack of buoyancy

* Lack of sedimentation

Increased exposure to ultraviolet
and ionizing radiation in deep space
e Acute in-flight effects

L ong-term cancer risk

e Physiological changes
e Behavioural changes
e Psychological changes

Combined effects on crewmembers
® Reduced ground reaction force

Physical effects of living and working in space

Habitat

e Distance from Earth

* 90 minute day and night cycles

* Acoustic noise (60 dBA)

* Reduced and closed space

* |solation

e Lack of natural light and surroundings
* Modest increased ambient pCO,

Conditions of life

e Limited privacy

e Floating

e Disturbances in sleep
* Hygiene

* Performance pressures

Extravehicular activity

e High vacuum

¢ Extremes of temperature

* Meteoroids

* Space debris

e lonospheric plasma

¢ Hand and shoulder injuries

Nat Rev Rheumatol 14: 229-245.
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Launch Landing
Approximately 6-mo mission in weightless environment On Earth
Enoxaparin, once daily Apixaban, twice daily
[ Il
1.5 mg/ke 1.0mg/kg 50mg 25mg
Ultrasound
i 1|2 3 ‘4 ‘s g !s 9 10 |11 12|13
[N I N [ S S N S N S S S S —
Treatment Day 1 33 43 90

Thrombosis Thrombosis  Treatment Apixaban Decision Anticoag- Spontaneous
suspected diagnosed started delivered made to ulation  flow shown

on research after clinical <24 hr after to the space continue stopped  on landing;
ultrasound  ultrasound diagnosis station therapy 4 days no further
examination examination beyond before  treatment

90 days landing  necessary

N Engl J Med 382: 89-90.




Sample collection and data generation
Single cell analysis

PBMC e p—

(K2 EDTA) ° ISRV ———

BCR VD) s

14 mission crew

(n=4) : ; :
e Biochemical profiling (BCP)
_. ! ? _. & \ Serum o
L B Al X e R B (SST) ,!.-
/ Complete Blood Count
Blood = L -] ® ®
(K2 EDTA) ® 3 <..6
¢ =
Sample collection timeline
Pre- 14 Post-
flight mission flight
June July August  September October November December March
} } Vo 4 } }
| I 11 T I
L-92 L-44 L-3 R+1 R+45 R+82 R+194

No. associated taxa/microbial genes

Immune cell gene expression and microbial features altered in-flight
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c
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o 10 20 300

MEY)

Analysis

Cell annotation
Cellular profiles

Differential analysis of gene
expression, chromatin
accessibility, and BCPs

Motif enrichment and peak
composition

TCR/BCR
V(D)J isotype
and mutation

Pathway
analysis

Integration with 14/Twins
study/JAXA omics data

Naturei Communications 15: 4954,

METAGENOMICS METATRANSCRIPTOMICS

10 20 30

No. associated human genes

Nat Microbiol 9: 1661-1675.
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Increasing age

Comparative analysis of microbiome profiles

V

Microbiome changes with respect to
ageing in general

|

1 l

Decreased with age

Increased with age

Group 1 Group 2
* Faecalibacterium * Eggerthella
* Roseburia * Bilophila

» Coprococcus

* Eubacterium rectale
* Bifidobacterium

* Prevotella

* Desulfovibrio
* Fusobacterium
* Anaerotruncus
* Streptococcus
* Escherichia

Healthy ageing Unhealthy ageing

* Longevity * Frailty * Obesity

= High physical ¢ Inflammageing * Low physical
activity ¢ Cognitive disorders  activity

* Good diet * CVD * Medications

* Low cognitive * CKD * Osteoporosis
decline * MetS * |LI susceptibility

¥ v

Comparative analysis of microbiome profiles

|

Microbiome changes in unhealthy ageing
(compared with healthy ageing)

|
\ v

Associated with
healthy ageing

Associated with
unhealthy ageing

Group 1

Group 2

¢ Eggerthella

* B. fragilis

¢ C. hathewayi

* C. bolteae

¢ C. clostridioforme

e C. cindens

* Ruminococcus
torques

* R. gnavus

¢ Coprobacillus

* Streptococcus

« C. difficile

* Bilophila

* Actinomyces

* Desulfovibrio

* Campylobacter

* Atopobiaceae

* Veillonella

* Enterococcus

* Enterobacteriaceae

|

Nature Reviews Gastroenterology & Hepatology 19: 565-584.
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( Metagenome-wide sequencing data of gut
collected from the dataset: PRIEB29015

Human cohorts of different ages (n = 191)

Metagenome-wide sequencing data of oral
collected from the dataset: PRINA217052

Human cohorts of different ages (n = 138)

Metagenome-wide sequencing data of skin
collected from the dataset: CNPO000635

5 Human cohorts of different ages (n = 264)
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