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An Applied Research Program




HUMAN EXPLORATION

NASA’s Journey to Mars
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Human Research Program
Integrated Path to Risk Reduction, Revision B (2014)
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HRP Integrated Science Plan

* Risks amenable to translational approach
— Immune
— Cancer
— Bone (Osteo/Fracture)
— Oxidative Stress & Damage
— VIIP
— Nutrition
— Artificial Gravity




SPACE BIOLOGY PROGRAM GOALS

» To effectively use microgravity and other
characteristics of the space environment to enhance
our understanding of fundamental biological
processes

» To develop the scientific and technological
foundations for a safe, productive human presence in
space for extended periods and in preparation for
exploration

» To apply this knowledge and technology to improve
our nation's competitiveness, education, and the
quality of life on Earth




Decadal Survey Recommendations

Elevate the priority of research in the agenda for space
exploration

Select research likely to provide value to an optimal range
of future mission designs

Develop a comprehensive database that is accessible to
the scientific community

Source: Life and Physical Sciences Research for a New Era of Space Exploration: An Interim Report, National Research Council, 2010




SYNTHETIC BIOLOGY PROGRAM
GOALS

» Harness biology in reliable, robust, engineered
systems to support NASA's exploration and science
missions, to improve life on Earth, and to help shape
NASA's future.




Astrobiology Institute Goals

» To study the origins, evolution, distribution, and future
of life in the universe.

» To answer:
» How does life begin and evolve?
» IS there life elsewhere in the Universe?

» What is the future of life on Earth and beyond?




Translational Research: Key Component of an Active Research
Program

-

Translational
Research

Source: Life and Physical Sciences Research for a New Era of Space Exploration: An Interim Report, National Research Council, 2010




Space Biology Synergism Human Research Program

Study how life Translational Identify, characterize,
responds, adapts Research and mitigate the risks

develops, interacts « SB provides knowledge to human hea_lth and
and evolves in the  to help HRP identify performance in space

space environment risks and develop *Exercise Countermeasures
countermeasures
and across the -Physiological

spectrum defining research goals - _
and priorities *Space Radiation Biology
e Cell, Microbial and

Molecular Biology Common areas: *Behavioral Health and

: : Performance
Organismal & o Animal research

Comparative Biology 5 Collls & Tesres *Space Human Factors and

Developmental Research Habitability

Biology Immunology *Exploration Medical
Wound healing & Capability
fracture repair

Bone and muscle
Radiation/micro-g
interactions

Oxidative Stress and
Damage (OSaD)




Synergistic Avenues Being Considered

» Translational Science at NASA
> Synergy between Space Biology and HRP**
Basic Research helps close HRP Gaps and Risks**
Examples of Translational Research at NASA**

Synergies with Synthetic and Astrobiology (Ex: OSaD and there
are others)

Synergies with other programs (Gov./ Commercial/ Academic)
Potential Products & Strategies**

Analogs

Standard Model Organisms

Teams

** Indicates Already In Progress
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Translational Activities

» Integrated HERO solicitation
» HRP annual major release plus periodic appendices
» To include Space Biology in overview
» AG synergy
» New HRP research portfolio
» Includes animal and cell components
» Grants with animal/human transition
» Omics
» Integrated/personalized countermeasures

» CASIS interaction




IMMUNE RISK EXEMPLAR

SpaceBio
Guiding Question

(J. Smith, T. Goodwin)




BONE--OSTEO / FRACTURE RISKS EXEMPLAR

SpaceBio
Guiding Question

(J. Smith, T. Goodwin)




NASA TRANSLATIONAL RESEARCH EXEMPLAR: BONE
PHYSIOLOGY

Effects on Cells and/or Animals
Loss of bone density
Impaired bone healing
Cell and molecular mechanisms of bone loss emerging

Drug countermeasures to flight bone loss in mice appear effective
Implications for Astronaut Health

- Increased risk of fracture

- An anti-bone resorption drug and a pro-bone forming treatment tested in flight mice minimized bone
loss also tested in humans

Centrifugation in rats prevented negative effects of spaceflight on long-bone mechanical properties
Related Potential Countermeasures in Space

- Weight bearing activity essential to maintain bone density
- Artificial gravity options under study

- Drug treatment (Amgen) for lessening bone resorption and promoting formation received FDA
approval in 2010 for treatment of osteoporosis.

- A 2nd drug developed, FDA approval anticipated 2017
Earth Benefits

- More comprehensive understanding of bone formation, growth, maintenance, healing

- Optimize treatment of osteoporosis and disuse arthritis in women and
men

- Potential adjunct cancer treatments




