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The One-Year Mission

ISS Crew: Scott Kelly, Mikhail
Kornienko Sign On For One-Year
Mission
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By: Tariq Malik
Published: 11/26/2012 08:12 AM EST on SPACE.com

A veteran NASA space commander and Russian cosmonaut have signed on for the

ultimate space vovage: a yearlong trip on the International Space Station.

American astronaut Scott Kelly and Russian cosmonaut Mikhail Kornienko will

e sta f in spring 2015 and return to Earth in
s announced today (Nov. 26). They will begin their mission

launch on the one-yvear space station fligh
spring 2016, NASA official

training in early 2013.

The mission will help NASA understand how the human body adapts to extremely
long space missions, such as vovages around the moon, to an asteroid and ultimately
to Mars, NASA officials said.

8 February 2016

2016 IWS

HOME > SCIENCE
Astronaut Scott Kelly Preparing for
Unprecedented One Year in Space; Mission to
Experiment on His Bone Mass, Vision, Immune
System

By L&

pieitar. Dec 07, 2052 63:00 PM ES

Sh.un TetSge - +

0 Comments < = Kl

Tags: NASA Space




Earth-to-iviars transit:
~b months J
Sl b

Mars surface stay:
~18 months

| Earth Arrival

Mars-to-Earth transit: R S

~6 months Based on: Human Exploration of Mars, NASA-SP-2008-566, July 2009
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Human Research Objectives for One-

Year ISS Mission (simplified)

Are we as smart as we think we are based
on 15 years of 6t-month ISS
expeditions? 87
- Previous Russian experience shows no £
“brick walls” out to 14 months Y
« Crewmember safety, health and
efficiency on 30-month Mars round-trip
missions will need “countermeasures”
developed and tested on ISS

months?
* Year-long expedition permits next-
step longer evaluation under
controlled circumstances
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Exploration (MHRPE)

- Created by ISS Expert Working Group, A

Multilateral Human Research Panel for
Sep. 2011 S Asc
 Chartered by Space Station Control

~esa LKA
Board, Oct. 2013 /

« Tasked to facilitate multilateral in-flight investigations
» All remaining ISS increments
» Starting with 2015 one-year mission (1YM) as demonstration

MHRPE Agency Leads
NAS |J. Charles
A
CSA |P. Johnson-Green B~ v
ESA |J. Ngo-Anh T (45, NS, 018
FSA |V. Bogomolov, V. Pochuev sk
JAXA |S. Furukawa UsRussion WG
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Human Research Objectives for 1YM

« Utilize ISS efficiently to reduce human risks of
exploration missions beyond low Earth orbit
<+ Implement a Year-long Expedition by two crewmembers
(1 American, 1 Russian)
 Demonstrate benefits of joint work using multilateral

capabilities and resources on ISS
— Extend earlier Russian work
« Assess problems of joint work: scientific, training,
scheduling, certification and implementation
<+ Apply experience to human risk reduction research
on subsequent ISS missions of all durations



Human Health and Performance Exploration Risks Bsa

Across All Partners to be addressed by ISS Research

Risk Area
Musculoskeletal: Long-Term health risk of Early Onset Osteoporosis. Mission risk of
reduced muscle strength and aerobic capacity

Autonomous Medical Care: Mission and long-term health risk due to inability to
provide adequate medical care throughout the mission (Includes onboard training,

diagnosis, treatment, and presence/absence of onboard physician)

Ocular Syndrome: Mission and long-term health risk of Microgravity-Induced Visual

Impairment and/or elevated Intracranial Pressure (VIIP)

Nutrition: Mission risk of behavioral and nutritional health due to inability to provide
appropriate quantity, quality and variety of food

Hypogravity: Long-term risk associated with adaptation during IVA and EVA on the
Moon, asteroids, Mars (vestibular and performance dysfunctions) and postflight
rehabilitation

8 February 2016 2016 IWS 8



Mapping MHRPE Risk Areas to

HRP Integrated Path to Risk Reduction

MHRPE RISK AREA

HYPOGRAVITY

OCULAR SYNDROME

AUTONOMOUS MEDICAL CARE

AUTONOMOUS MEDICAL CARE

AUuTONOMOUS MEDICAL CARE
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Three Major Areas of Biomedical

Concern for Long Missions

e Medical events

< Establish likelihood of negative events
which change over time

< Characterize response of known
medical conditions

* Physiological deconditioning

< Establish efficacy of countermeasures S
for missions longer than ISS

 Behavior & Performance
< Characterize trends over time
< Validate countermeasures

8 February 2016 2016 IWS 10



1YM Implementation Overview

Multilateral biomedical investigations on US and Russian crewmembers
2012
Agency-level bilateral agreement. Candidate investigations exchanged

2013

» Developed milestones, overarching principles for hardware & data sharing, cross-participation
* Field Test experiment (joint, pre/post flight) initiated, transitioned to operations

* Fluid Shifts experiment (joint, in-flight) initiated; implementation issues identified, resolved

+ ldentified complementary ESA, JAXA, CSA investigations (thus “multilateral”)

2014
* Completed informed consent for US investigations for both crewmembers
* Crew time issues in work
» Data Sharing Principles signed by SSCB
+ Initiated preflight baseline data collection and crewmember training
+ Bilateral Pl meetings for collaborations, data exchange needs
Initiated Twins Study

2015
« Completed preparations for NASA Twins Study

« Completed informed consent for Russian investigations, baseline data collection,
training

 Finalized documentation for joint investigations implementation under guidance of
KNTS/Soloviev

« Resolved NASA crew time issues for Increments 45-46 (1YM, 2" half)
« Launched March 27, 2015! Landing planned March 2, 2016

* February 8 is flight day 318—23 to go!

» Future year-long missions under discussion

8 February 2016 2016 IWS 11



Multilateral Biomedical Science Plan for 1YYM

MHRPE Risk Category NASA Roscosmos

Functional Field Test

Capacity ( j -
Sensorimotor & Functional Task Test [D Effektivnost [D]
EDOS

Musculoskeletal Physical Sori X Korrektsia
s [EDOS)/Motokard [D] [Korrektsia]
Profilaktika [D] [D]

Fine Motor Skills .
Human Factors Habitability Russian crewmember,
GCTC collaborator

Training Retention

Biochemical Profile[B
Metabolism ardiox [ il [2) TS TBD [D]
Neyroimmunitet [D] [D]

Hypogravity Salivary Markers [D]

Sensorimotor &
Hypogravity

Microbial Microbiome Myco

Cognition
: Sleep Monitoring Pilot-T Biological
Beh | Health . .
; :::'cf,or:ma(:\i: Behavioral Health Reaction Self Test Interactions-2 Rhythms
Journals [D] Content (48 Hours)
Neur ing I5]
Visual Fluid Shifts
| IPVI
Ocular Syndrome Impairment Ocular Health/MedB1.10 Energy
» Participation: US astronaut, Russian cosmonaut + Bilateral NASA, Roscosmos investigations
= Pre/postfiight only » Common (“joint")
* Korreklisia (Roscosmos) is same as EDOS (ESA) + Cross-participation
« “Energy” NASA subject lost due to experiment BDC technical = [D] data-exchange only
failure
* Unilateral investigations not shown Also done by Scott Kelly on previous 6-month expedition
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Summary of investigation operatio
(weeks 1-13)

Inc 43:
Kor: M. Kornienko
Kel: S. Kelly

EXPERIMENTS/ACTIVITIES
Salivary Markers Kel Kel Kel
Microbiome Kel Kel Kel Kel
Journals Kel Kel Kel? Kel?
Biochemical Profile Kel
Ocular Health Kor, Kel Kor Kor Kel
Cognition Kor Kel Kor Kel
Sleep Kor, Kel Kor, Kel Kor, Kel Kor, Kel | Koe, Kel Kor, Kel
Fine Motor skills Kor, Kel Kor, Kel | Kor, Kel | Kor, Kel| Kor, Kel | Kor, Kel | Kor, Kel | Kor, Kel | Kor, Kel | Kor, Kel | Kor, Kel
Habitability Kel Kel
Reaction Self Test Kor, Kel Kor, Kel Kor, Kel Kor, Kel Kor, Kel
Cardio Ox Kel
Sprint Kel Kel
Neuromapping Kel
Twins Study Kel Kel Kel
Fluid Shifts Kor, Kel | Kor, Kel | Kor, Kel
Interactions-2 Kel Kel Kel Kor, Kel
Pilot-T

Content

Morze
Korrektsia
Profilaktika
Neyroimmunitet
Myco Kel
Biological Rhythms Kel
IPVI
Energy
Immuno-2
EDOS

NASA

RSA

ESA

8 February 2016 2016 IWS 13



Summary of investigation operations
weeks 14-26

EXPERIMENTS/ACTIVITIES
Salivary Markers Kel
Microbiome Kel Kel
lournals Kel? Kel? Kel Kel kel Kl
Biochemical Profile Kel
Ocular Health Kar, Kel Kor, Kel
Cognition Kar, Kel Kar Kar Kel
Seep Kar, Kel Kel Kor, Kel Kor, Kel Kor, Kel | Kor, Kel
Fime Motor skills Kar, Kel Kar, Kel Kaor, Kel Kor, Kel Kor, Kel Kor, Kel Kor, Kel Kar, Kel
Habitability Kel Kal Kel Kel Keal Kel Kel Kel

Reaction Self Test Kor, Kel Kar, Kel Kor, Kel Kor, Kel Kor, Kel Kor Kor, Kel Kor, Kel Kor, Kel
Cardio Ox Kel
Sprint Kel Kel el Kel Kel Kel Kel
MNeuromapping Kel Kel
Twins Study Kel Kel
Fluld Shifts Kel Kor Kor, Kel
Interactions-2 Kar, Kel Kor, Kel Kor, Kel Kar, Kel Kor, Kel Kl
Pilat-T Koe, Kel Kor Ko, Kel
Cantent Kar Kar Kar Kor Kar Kar

Marze Kor
Korrektsia Kar
Profilaktite
MNeyraimmunitet Kar
Myco Kal
Biological Rhythms Kal Kel? Kel Kel
1P
o

Kel
el Kel Kel kel Kel

E|E|E|E

3

NASA

E|E

RSA

Immung-2
EDOS
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Summary of investigation operations
weeks 27-28

EXPERIMENTS/ACTIVITIES
Salivary Markers

Microbiome Kel Kel

Journals Kel Kel

Biochemical Profile

Ocular Health

NASA

Cognition Kor
I sleep Kor, Kel Kor, Kel

Finr Motor skills Kor, Kel

Habitability Kl L)
Reaction Self Test Kor, Kel
Cardio Ox
Sprint
Neuromapping
Twins Study Kel
Fluld Shifts Kor, Kel
Interactions-2 Kel
Pilot-T Kel
Content

Morze
Korrektsia
Profilaktika
Meyralmmunibet
Miyco

Bislogical Rhythms Kel*
1Pyl

a limirmng-2
EDOS

* partial data collection

RSA

8 February 2016 2016 IWS 15



Fluid Shifts Investigation

M. Stenger (NASA), A. Hargens (UCSD), S. Dulchavsky (HFH), I. Alferova (RAS IBMP)

June 2015

September 2015

p ,1\\

-
peo0ee &= B
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1YM Progress

Field Test at landing with Twins Study

Padalka * Influenza vaccination
v Pilot Field Test concluded v’ Scott Kelly on ISS, September 24
v Padalka: 879 days in space v’ Mark Kelly in Houston, October 3

8 February 2016 2016 IWS 17



MHRPE 2.0

* Apply lessons learned from bilateral 1YM to all future expeditions

\/
0‘0

Compile and maintain Multilateral Investigations List (formerly
“international fly-off plan”) for future ISS complements
Recommend Integrated Multilateral Investigations (truly joint studies) to
implementing organizations no fewer than 20 months before first required
flight
Facilitate sharing of ISS and related results among relevant partner
investigators and between research and medical communities
« Encourage MHRPE Partner Agencies to endorse, support data sharing
system management
Facilitate sharing, collaboration and consolidation of hardware,
instrumentation and protocols across MHRPE Partners
Require active participation by all interested MHRPE Partner Agencies
Encourage ISS Partner Agencies to streamline Implementation
process
« Simplify, reduce and standardize required documentation
— Consolidate documentation across partners as much as possible
« Establish bilateral (USOS-ROS) schedules
 ldentify and standardize approval processes



National Aeronatics and Space Administration

8 February 2016 .
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Too Late?

One Year
Mission
Announced

Solicitation
Released

Grants

Announced

Launch
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A Chance in a Lifetime Opportunity? ¥
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What is Omics?

a

[ 1[ J Omics

Carbohydrates

=4

’7"5"_¢
(’h.

a. . \ £ 5::;' .:P 5
ety d & X

Omics refers to the collective
technologies used to explore the
roles, relationships, and actions of
the various types of molecules that
make up the cells of an organism.
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One Notion

Flight 4
Subject
>
GroundA
Subject
P time

pre-flight in-flight post-flight



NRA Solicitation

National Aeronautics and Space Administration
Johnson Space Center

Human Exploration and Operations Mission Directorate
Human Research Program

Houston, TX 77058

“To capitalize on this unique opportunity,

Human Exploration Research Opportunities (HERO) NASA’S Human ResearCh Program (HRP) and the
National Space Biomedical Research Institute
(NSBRI) are initiating

Appendix D

Differential Effects on Homozygous Twin Astronauts
Associated with Differences in Exposure to Spaceflight

Factors a pilot demonstration project focused on the use of
integrated human -omic analyses to

Response Period: July 30, 2013 — September 17, 2013
Proposals Due: September 17, 2013, 5 PM Eastern Time
Estimated Selection Announcement: January 2014

better understand the biomolecular responses to

the physical,
physiological, and
environmental stressors

AppendixD -1

associated with spaceflight.”




NRA Selections

Susan Bailey
Colorado State University

Differential effects on telomeres and telomerase in twin astronauts associated with spaceflight

Andrew Feinberg
Johns Hopkins University School of
Medicine

Comprehensive whole genome analysis of differential epigenetic effects of space travel on
monozygotic twins

Christopher Mason
Weill Medical College of Cornell
University

The Landscape of DNA and RNA Methylation Before, During, and After Human Space Travel

Scott Smith
NASA Johnson Space Center

Biochemical Profile: Homozygous Twin control for a 12 month Space Flight Exposure

Emmanuel Mignot
Stanford University School of
Medicine

HERO Twin Astronaut Study Consortium (TASC): Immunome Changes in Space

Stuart Lee
Wyle Laboratories

Metabolomic And Genomic Markers Of Atherosclerosis As Related To Oxidative Stress,
Inflammation, And Vascular Function In Twin Astronauts

Brinda Rana
University of California

Proteomic Assessment of Fluid Shifts and Association with Visual Impairment and Intracranial
Pressure in Twin Astronauts

Mathias Basner
University of Pennsylvania School of
Medicine

HERO Twin Astronaut Study Consortium (TASC) Project: Cognition on Monozygotic Twin on
Earth

Fred Turek
Northwestern University

HERO Twin Astronaut Study Consortium (TASC) Project: Metagenomic Sequencing of the
Bacteriome in Gl Tract of Twin Astronauts

Michael Snyder
Stanford University

HERO Twin Astronaut Study Consortium (TASC) Project: Longitudinal integrated multi-omics
analysis of the biomolecular effects of space travel

http://www.nasa.gov/content/nasa-selects-10-proposals-to-explore-genetic-aspects-of-spaceflight/
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Timeline

One Year
Mission Baseline Data
Announced Collection Begins

Solicitation One Year
EEE N Mission

Grants Last Major Post-flight
Announced Data Collection

[ | ®@ O [AAA A AAbe }
oo, o o [oeoe
(12)( 203 ) 2014 | | 2015 ||| 2016 |
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Twins study progress

Launch Date J2ms

Landing Date 3316

Subedd  Localion iS4 Date Calendar Date Actual Date Sublect  Localion NASA Dale Calendar Date  Actual Dale

Flight JaC L-18] 101412014 101614 Ground  [JSC (30-80 12126114 12314

Flight ~ |JsC L-168 {Post Vac) 10027114 10/30014 Ground  |Mew York GO-78* (Posl-Vac) 1185 121314

Flight ~ |JsC L-60 112815 1115015 Ground  |JSC GD-60130 112815 1120015
Flight Day

Flight I55 Frozen  [FD 13 41115 FD 13 410115

Flight 155 Frozen  |FDMET 75 61015 FD 75 B/9/15

Flight 155 Ambienl  [FD 45 51115 FD 17 BH115

Flight I55 Frozen  [FD 120 Fl2aMa FD 123 T2t s Ground | Tucsen G0 August, 2015 713015

Flight I55 Frozen  |FD 180 22313 FD 182 812415 Ground  [JSC (30 180 2315 1001-2115

Flight 155 Frozen  |FD 131 (Post Vac) 10415  FD 133 10/5/15 Ground | Tucson GD 151 (Post Vac) 1014115 101615

Flight |55 Ambient  [FD 2T 1212215

Flight I55 Frozan  [FD MET 263 121515

Flight I55 Frozen  |FD 300 112114

Flight 1S5 Frozen  |R-14 211818

Flight |55 Ambient  [H-A Aana

Flight  [J5C R+0-3 314/16 [Graund  [J5C | |GO+34 | 36/16 |

Flight ~ |JsC R+30 412118

Flight  |JsC R=+60 5216 Ground | Tugsen GD=80 BB

Flight JSC H+180 B304 Ground | Tuesen (3l=18] 3016

Flight JEC H+191 {Post Vac) 21014 Ground | Tugsen (30=181 (Posl Vac) 41016

Dates are for CPTs only

Dales arg relative o launch and landing dates
Dales arg proposed only and dapend on subjec! availabily and gn-oroil eoerabons schadule

Flight CPTs raturned ambient via Seyuz, Dales shown ane Soyuz rafum, Sample refurn o JSC approx 25 hrs post [anding in Kussia

Flight GPTs returned frozen may be stored al JSC until all in-lighl samples are returned

Ir-flight CPTs are slored frozen, exceot ambient returm. Frozen samale relur is dependant on SpaceX vehicle retum. Current SpaceX relurmn dates:
SpaceX, 8 11316
SpaceX 9 32116
SpaceX 10 610186




Issues Assocliated with Omic Research

« Research ethics

<+ The primary risks involved in genetic research are risks of social and
psychological harm, rather than risks of physical injury

» Could provoke anxiety and confusion about disease risk

* Uncover unwanted information about heritage, ancestry, and family
relationships

» De-identification of genomic information

» Information given to subjects

 Individual genome sequence data?

 Interpretation of the genome sequence and/or genetic counseling?

« Option to decline to receive all or part of the results (Right Not to Know)?

<+ Researcher’s access to genomic information

» Interim policy on genetic research JID 1800.4
<+ NASA policy anticipated summer 2015

* Medical care

« Occupational health

* Insurance (health, disability, life)

« Employment activity




Conclusion

« The Twins Study (Scott and Mark Kelly) is NASA'’s first foray
Into 21st-century omics research

« Built around Scott Kelly’s one year mission

* The Twins Study will examine
» Genome, telomeres, epigenome
» Transcriptome and epitranscriptom
» Proteome
» Metabolome
+ Physiology
< Cognition
» Microbiome
* NASA is addressing
+ Protections for research participants
+ Use of data in medical care, occupational medicine, mission planning

*

8 February 2016 2016 IWS 32
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A stunt? vhsa

8 February"2016 2016 IWS



No value in n =1 omics study over ti

Personal Omics Profiling
Reveals Dynamic Molecular
and Medical Phenotypes
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