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Open research questions in space human biology

How do space stressors cause adverse health effects in humans?

mmmm) How can we prevent this from happening with countermeasures?
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Space radiation environment

Solar particle events Galactic cosmic rays Van Allen Belts

MORE DAMAGING
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Radiobiology basics: DNA damage paradigm
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Levels of radiation protection

1. Stop Radiation

2. Stop ROS

3. Repair damage
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Level 1:
Stopping radiation
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Stopping radiation

* No known effective biological mechanism to stop or shield from ionizing
radiation

« Solutions:

« Operational countermeasures
* Limit time Iin space
 Shortening overall mission duration
« Reducing extravehicular activity time or spacewalks
 Plan space missions during times of reduced solar storm activity

* Engineering countermeasures
» Structures or tools to shield astronauts from radiation e.g. Zvezda
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Level 2 and 3:
Stopping ROS
Repairing damage
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Stopping ROS and repairing damage

* Can be done at the level of an individual!

- Biology comes into play

;; O ® Radiation resistance mechanisms
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What is radiation resistance?

* Capacity of an organism to protect against, repair and remove damage
caused by ionizing radiation

* Varies greatly between different organisms & individuals (LD50/30)

Deinococcus radiodurans Tardigrades Humans

7 000 Gy 5 000 Gy 4 -5 Gy
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Roadmap towards enhancing human radiation

resistance

www.impactjournals.com/oncotarget/

Vive la radiorésistance!: converging research in radiobiology RADIOPROTECTORS
and biogerontology to enhance human radioresistance for deep
space exploration and colonization

Franco Cortesel'?, Dmitry Klokov?**, Andreyan OQsipov®°7, Jakub Stefaniak'®,
Alexey Moskalev’®1°, Jane Schastnaya®, Charles Cantor'!, Alexander Alipers>12,
Polina Mamoshina®1?, Igor Ushakov®, Alex Sapetsky®, Quentin Vanhaelen®, Irina
Alchinova'*'5, Mikhail Karganov'¢, Olga Kovalchuk!'®'7’, Ruth Wilkins'?, Andrey

Oncotarget, Advance Publications 2018

GEROPROTECTORS
REDOX SCAVENGERS

Shtemberg'®, [Marjan Moreels®®, Sarah Baatout’*?!, Evgeny Izumchenko®>??, Jodo

MEDICAL SELECTION

Pedro de Magalhdes'?3, Artem V. Artemov?®, Sylvain V. Costes?¢, Afshin Beheshti?>-2°,
Xiao Wen Mao?, Michael J. Pecaut?’, Dmitry Kaminskiy2¢, Ivan V. Ozerov®s, INDIVIDUALS
Morten Scheibye-Knudsen?® and Alex Zhavoronkov'?

OF RADIORESISTANT
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REGENERATIVE TECHNOLOGIES
TISSUE AND ORGAN ENGINEERING
INDUCED CELL TURNOVER

CELL THERAPIES

GENE THERAPY

MULTIPLEX GENETIC
ENGINEERING
EXPERIMENTAL EVOLUTION

HIBERNATION
BIOBANKING

DEUTERATED ORGANIC
COMPOUNDS
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1 | Selection of radioresistant crews

* Individual response to ionizing radiation
« Assessment by use of biomarkers and assays
* Include test to determine astronaut individual radiosensitivity?
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2 | Pharmaceutical interventions

NDC 66220-017-03

* Radioprotectors Etnyol _ -
« Protect DNA from radiation interaction eniS o 22

 E.g. Amifostine oy GRS

* Geroprotectors
 Stop aging = stop radiation effects?
« E.g. metformin, curcumin

* Redox scavengers
« Remove oxidants from the cells
 E.g. ascorbic acid, melatonin
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3 | Hibernation: sleeping your way out

* Hibernation = torpor = dormancy
* Low-energy state linked to sleep
 Considerable slowdown of all the vital processes in the body

=» Synthetic Torpor

 Slows down body temperature and

metabolism, and induces tissue hypoxia ;
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3 | Biobanking: having spare parts

Biorepository that stores biological samples for future use

Preservation of viability, completely stop all biological reactions

Storage temperature?
Liquid nitrogen -196°C
* Cost?

 Explosion risk?

Cryoprotectants?
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4 | Tissue engineering and regenerative

medicine

* Facilitate the elimination and substitution of endogenous cells damaged by
cosmic irradiation

 Replace old organs and make fresh ones!
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5 | Deuterated organic compounds

 Deuterium: stable hydrogen isotope
 Organic compounds contain carbon-hydrogen (C-H) bonds

« C-?H is stronger than C-H

* More energy required to break bond
« Less DNA damage if DNA was deuterated o ° ]

- Heavy water (D,0) as radioprotective strategy?

* |ssues:

 Organisms are not energetically adapted to break down organic compounds
containing deuterium

 Rate of metabolic reactions may be slower: deterioration normal metabolism
+ Extremely costly
=» Requires good titration and safety levels!

Hydrogen Deuterium Tritium
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6 | Gene therapy

* (Over)expression of endogenous and exogenous genes
1. Antioxidants

2. DNA repair genes

3. Radioprotective transgenes
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Food for thought

* Currently there is minimal research being done
for radioresistance against space radiation

« All the approaches could significantly empower
our ability to protect space mission crew
members against cosmic radiation, but has also
a value on earth e.g. in cancer treatment

 Although speculative, these strategies should be
considered as a foundation for future research
directions
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