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Naticnal Aeronautics and Space Administration

Kennedy Space Center
Kennedy Space Center, FL 32899

July 1,2015

Reply to Attn of: Dr. Louis Yuge
Professor
Hiroshima University,
Graduate School of Biomedical & Health Sciences
Division of Bio-Environmental Adaptation Sciences
2-3 1-chome Kasumi Minami-ku Hiroshima, Japan 734-8551

Dear Dr. Yuge,

Thank you for accepting my request to become a member of the Micro-g Simulator Advisory
Committee at the NASA Kennedy Space Center, Florida. I am looking forward to our fruitful
collaboration for establishment of a NASA-sponsored Micro-g Simulator Center.

Sincerely,

R/t

Howard G. Levine, PhD

Chief Scientist & IACUC Chair

KSC Utilization and Life Sciences Office
Mail Code UB-A

Kennedy Space Center, FL 32899
321-861-3502
Howard.G.Levine@nasa.gov


kasumi-soumu
ノート注釈
kasumi-soumu : Unmarked

kasumi-soumu
ノート注釈
kasumi-soumu : Marked

kasumi-soumu
ノート注釈
kasumi-soumu : Accepted

kasumi-soumu
タイプライターテキスト
（資料１）

kasumi-soumu
タイプライターテキスト

kasumi-soumu
タイプライターテキスト

kasumi-soumu
タイプライターテキスト

kasumi-soumu
タイプライターテキスト

kasumi-soumu
タイプライターテキスト

kasumi-soumu
タイプライターテキスト

kasumi-soumu
タイプライターテキスト


T 25 FE LEXFHRENBILELEELRS VDRIV LA
—FHERZAALE-BEER~NORA—

Stem cell culture in space

Using the space environment to investigate

new approaches to collaboration

BEF: FK26FE3 8258 (K) 15:00—18:00
G REXRF LICRE2HE KEEE



kasumi-soumu
タイプライターテキスト
（資料２）

kasumi-soumu
タイプライターテキスト


Stem Cell Culture in Space
Hiroshima University Symposium

Welcome to our Symposium
“Stem Cell Culture in Space”

Thank you very much for coming this symposium. We will be talking about
Space...and about how exploring this final frontier can help us realize our dreams.

It is a great honor and pleasure, to have three of my very dear American colleagues
here as keynote speakers. They are all world-leading scientists, highly respected in their
respective fields as Space Biology and Stem Cell research, involved in work related to
NASA and CASIS.

As you are well aware, discovery of stem cells is a very novel and powerful finding for
humankind, much like space discovery. As such, this symposium will address Stem Cell
Culture in Space, and also explore the possibility of using the space environment to
investigate new approaches for collaboration.

| hope we will have an enjoyable time and fruitful discussions.

We would like to give special thanks for all the assistance that we received from the
Academic and Social Industry-University Cooperation, Hiroshima University Laboratory
Planning Office, We are grateful to Professor Taijiro Sueda, Professor Kaoru Kurisu, and
Tokyo Medical and Dental University, Associate Professor Yasuhiro Kumei as Chair.
And we are also grateful to Hiroshima University for their outstanding support of this

symposium.

Louis Yuge

Professor

Graduate School of Biomedical & Health Sciences,
Hiroshima University
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Stem Cell Culture in Space
Hiroshima University Symposium

PROGRAM

Stem cell culture in space

Using the space environment to investigate new approaches to collaboration

Place: Koujin-Kaikan at Hiroshima University
Date: MARCH 25, 2014

15:00-15:10 Opening Remarks

[Chair]

Dr. Kaoru Kurisu (Professor, Graduate School of Biomedical & Health Sciences,

Hiroshima University)

Dr. Yasuhiro Kumei (Associate Professor, Graduate School of Medical and Dental

Sciences, Tokyo Medical and Dental University)

15:10-15:40 Dr. Kenneth A. Souza (Sr. Scientist, NASA Ames Research Center)
Highlights of Animal Research in Space: Foundations for the
Future

15:40-16:10 Dr. Michael S. Roberts (Sr. Research Pathway Manager, CASIS-
Center for the Advancement of Science in Space)
CASIS - Pathways for Research and Technology Development
with Earth Benefit on the ISS National Lab

16:10-16:20 Break

[Chair]

Dr. Taijiro Sueda (Professor, Graduate School of Biomedical & Health Sciences,

Hiroshima University)

Dr. Yasuhiro Kumei (Associate Professor, Graduate School of Medical and Dental

Sciences, Tokyo Medical and Dental University)

16:20-16:50 Dr. Louis Yuge (Professor, Graduate School of Biomedical & Health
Sciences, Hiroshima University)
Cellular Responses to Simulated Microgravity

16:50-17:20 Dr. Mary Kearns-Jonker (Associate Professor, Department of
Pathology and Human Anatomy Loma Linda University School of
Medicine)
The Impact of Aging and the Environment on Isl-1+ Endogenous
Cardiovascular Progenitor Cells in Human Neonates and Adults

17:20-17:30 Closing Speech
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Title: Highlights of Animal Research in Space: Foundations for the
Future

Kenneth A. Souza

Abstract

Before humans ventured into space, animals were used to assess
the risks associated with rocket flights and the risk of leaving our
planet of origin. Many diverse opinions were expressed as to what
would happen to living systems subjected to sudden and severe
accelerations as well as how they would react to the virtual
absence of gravity. Some thought that normal cell division,
metabolism, and reproduction and development would be
adversely affected by spaceflight. Others thought that
spaceflight would have little effect on basic processes,
particularly at the cell and molecular levels since the natural
intermolecular forces are many orders of magnitude greater than
the force of gravity. The suborbital flights of the 1940’s and
1950°s with various small animals, the orbital flights of the Russian dogs, the American monkeys
and chimps, and the menagerie of species flown on biosatellites in the 1960’s, proved that life was
not seriously debilitated by the stresses of launch and reentry or by the microgravity and radiation
experienced during flight in low earth orbit. This presentation will briefly highlight a few
examples of animal research in space, what was learned from them, the kinds of questions that
animals are currently being used to address, and the foundation that animal research has provided
in support of expanding human space exploration.

Biography

KENNETH A. SOUZA, AB, MS. He received his bachelor’s degree in bacteriology from the
University of California, Berkeley in 1966 and his Masters degree in Microbiology from San Jose
State University in 1970. He joined NASA’s Ames Research Center in 1966 and has spent over
40 years with NASA pioneering the fields of space biology and biomedicine. He retired from
NASA in 2002 as the Director of Astrobiology and Space Research. He continues to support
NASA’s life sciences programs and projects as a Senior Scientist with Logyx, LLC. Under his
leadership a suite of unique science equipment was built to support over 400 biological
experiments that were flown on a variety of spacecraft including US and Russian biosatellites, the
Space Shuttle, Mir, and the International Space Station. Those experiments greatly expanded our
understanding of the role and influence of gravity on living systems and also contributed to the
identification and mitigation of some of the risks associated with human spaceflight. He was
instrumental in the negotiation and development of several international spaceflight projects and
experiments with the Russian Space Agency, e.g., Bion Biosatellites and Mir; with the Japanese
Space Agency, e.g., Shuttle/Spacelab-J, and the European Space Agency, e.g., Shuttle missions:
IML-1, IML-2 and Neurolab. As a research scientist he conducted research in exobiology and
space biology. His flight experiment aboard the Space Shuttle/Spacelab-J in 1992 demonstrated,
for the first time, that a vertebrate species, an amphibian, could complete ovulation, fertilization,
and early development normally in the virtual absence of gravity. He has published over 50
scientific articles in fields of exobiology, space biology and biomedicine, and received both
national and international honors and awards for his management and scientific achievements,
most recently the 2010 ATIAA/ICES Jeffries Award for Contributions to Space Life Sciences and
Medicine.

Kenneth A. Souza,

Senior Scientist,

Logyx, LLC

NASA Ames Research Center
Email: kenneth.a.souza@nasa.gov
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Title: CASIS - Pathways for Research and Technology Development
with Earth Benefit

Michael S. Roberts

Abstract

In 2005, the United States Congress designated the U.S. operating
segment of the International Space Station as a national laboratory in
order to maximize its use as a unique research environment for
academic, commercial, and private institutions and other U.S.
government agencies. In 2011 NASA selected CASIS, the Center for
the Advancement of Science in Space, to manage the ISS National
Lab and to define new research pathways for ISS to improve life on
Earth. While NASA continues to support ISS research to advance
space exploration goals, the ISS National Lab space managed by
CASIS is focused on research and development with terrestrial
benefits: exploiting the space environment to advance basic science,
technology development, and translational research with commercial
application. CASIS facilitates use of the ISS National Lab by other
U.S. government agencies and by academic and private institutions, providing access to the
laboratory’s permanent microgravity setting and vantage point in low Earth orbit as well as the
varied environments of space. This presentation will highlight the mission of CASIS and our
approach to increase utilization of the ISS National Lab.

Biography

MICHAEL S. ROBERTS, B.A., Ph.D. He received a bachelor of arts in biology from Maryville
College in 1985 and a doctorate in microbiology in 1993 with Dr. Frederick Cohan at Wesleyan
University. He conducted post-doctoral research in the ecology of xenobiotic degrading bacteria at
the RIKEN Institute in Wako-shi, Japan from 1994-1996 and at the Center for Microbial Ecology
at Michigan State University from 1997-1999. In 1999, he joined the Dynamac Corporation to
work in the NASA Advanced Life Support program at the John F. Kennedy Space Center (KSC)
to direct research on bioregenerative technologies and closed-system biological approaches to
human life support in space. This work took him from the Biomass Production Chamber in
Hangar L at Cape Canaveral Air Force Station to the Space Life Sciences Lab at KSC in 2003
with brief visits to the Merritt Island National Wildlife Refuge and several parabolas in
microgravity on a Zero Gravity flight. In addition to his ground-based research, he has served as
Chief Scientist for CSS-Dynamac, Group Lead for QinetiQ North America, and as an investigator
on multiple Shuttle and ISS flight experiments focused on the role of microgravity on bacterial
gene exchange, plant-microbe interactions, and the performance of forward osmosis membranes
for water recovery in space. He joined CASIS in 2013 as the Senior Research Pathway Manager.

Michael Roberts,

Senior Research Pathway Manager,

CASIS - Center for the Advancement of Science in Space
Space Life Sciences Lab, NASA Kennedy Space Center
E-mail: mroberts@jiss-casis.org ; nichael.s.roberts@nasa.gov
CASIS Website: http://www.iss-casis.org
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Title: Cellular Responses to Simulated Microgravity
Louis Yuge

Abstract

Microgravity is known to control cell cycle, cell proliferation, and
differentiation. A 3D-clinostat is a multi-directional gravity device
for simulated microgravity. By controlling rotation of two axes, a
3D-clinostat minimizes the cumulative gravity vector in cells
cultured at the center of the device and makes 10-3G average over
time velocity. This is accomplished by rotation of a chamber at the
center of the device to disperse the gravity vector uniformly within
a spherical volume, at a constant angular velocity. Our previous
studies demonstrated simulated microgravity inhibited myoblasts
and osteoblasts differentiation supporting data as gravitational space
biology. In our study, we developed the application of microgravity
to stem cells culture using a 3D-clinostat and newly developed
GRAVITE. We reported microgravity potentiated stem cell proliferation such as human
mesenchymal stem cells and mouse embryonic stem (ES) cells. Recently, regenerative medicine
with bone marrow stromal cells (BMSCs) has gained significant attention for the treatment of
central nervous system diseases. Here, we investigated the activity of BMSCs under simulated
microgravity conditions. Neural induced mouse BMSCs (mBMSCs) cultured under 1G conditions
exhibited neural differentiation, whereas those cultured under microgravity did not. Moreover,
under microgravity conditions, mBMSCs could be cultured in an undifferentiated state. Next, we
intravenously injected cells into a model of cerebral contusion and spinal cord injury. Graft
mBMSCs cultured under microgravity exhibited greater survival in the both neurological disorder
models damaged region, and the motor function of the grafted mice improved significantly.

We demonstrated that culturing cells under microgravity enhances their survival rate by
maintaining an undifferentiated state of cells, making this a potentially attractive method for
culturing donor cells to be used in grafting by GRAVITE. This method has significant potential
for regenerative medicine and development biology. We attend human stem cell project supported
by New Energy and Industrial Technology Development Organization (NEDO), and human iPS
project supported by Japan Science and Technology Agency (JST).

Biography

LOUIS YUGE, B.A, M.Sc., Dr.Med.Sc., Ph.D., He received Dr.Med.Sc., PhD in Histology and
Cell Biology from the Graduate School of Biomedical Sciences at Hiroshima University (Japan)
in 2000. He is currently a Professor & Main director in the Division of Bio-Environment
Adaptation Sciences, Graduate School of Biomedical & Health Sciences at Hiroshima University.
He has published over 50 research papers, reviews and book chapters mostly in the area of cellular
response in physical environments, space medicine, and rehabilitation medicine. He was a
member of the working group of the International Space Station Program and the Lunar Survey
Science in the Aerospace Exploration Agency (JAXA), and is Director of a cell therapy venture
company, SBL (Space Bio-Laboratories Co., Ltd.:  http://www.spacebio-lab.com/).

Louis Yuge,

Professor & Main director, Graduate School of Biomedical & Health Sciences

Division of Bio-Environmental Adaptation Sciences Hiroshima University, Japan Space Bio-
Laboratories Co., Ltd.

E-mail: ryuge@hiroshima-u.ac.jp

Yuge lab: http://home.hiroshima-u.ac.jp/yugelab/
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Title: The Impact of Aging and the Environment on Isl-1+
Endogenous Cardiovascular Progenitor Cells in Human Neonates
and Adults

Mary Kearns-Jonker

Abstract

Heart disease is the leading cause of death worldwide. Current
advancements in stem cell research and reports from recent clinical
trials indicate that c-kit+ or cardiosphere-derived endogenous
cardiovascular progenitor cells improve cardiac function when
administered as a cell-based treatment, however this effect is believed
to be predominantly paracrine in nature. Our research team has
isolated a promising new population of isl-1+ cardiovascular
progenitor cells (CPC) that can be isolated as clonal populations from
the heart of human neonatal and adult patients. Isl-1 expression is
required for cardiac development during embryogenesis and we have
shown that these isl-1+ clones are capable of regeneration when
administered for stem-cell based repair. They can be differentiated into all cardiovascular
lineages, including cardiac myocytes, endothelial cells and smooth muscle cells. Using a panel of
cardiovascular progenitor cell clones isolated from human neonates and adults, we are studying
the molecular basis for the enhanced regenerative capacity that is unique to neonatal CPC. In
ground based studies, we have performed an extensive analysis of age-dependent changes in
surface phenotype, microRNA expression, proliferative capacity, signaling and migration using
matched, clonal neonatal and adult CPC. This allowed us to identify several functional and
epigenetic differences that distinguish neonatal isl-1+ cardiovascular progenitor cells with
extensive regenerative capacity, from adult clones with reduced regenerative capacity. We are
interested in identifying the effects of the spaceflight environment on both neonatal and adult CPC
and will utilize the International Space Station to determine the effects of microgravity on cell
signaling, migration, proliferation, differentiation and senescence. An understanding of the impact
of microgravity on endogenous cardiovascular progenitor cells has the potential to benefit patients
on Earth who are candidates for treatment with cardiac stem cells as well as astronauts returning to
Earth who may require cell-based treatment to repair lost heart muscle incurred during flight.

Biography

MARY KEARNS-JONKER, PhD. She completed her MSc and PhD graduate training at McGill
University in Montreal, Quebec and her postdoctoral training at the National Institutes of Health.
She was an Assistant Professor in the Dept of Cardiothoracic Surgery at the University of
Southern California Keck School of Medicine until 2010 when she accepted her current position
as an Associate Professor in the Dept of Pathology and Human Anatomy at Loma Linda
University School of Medicine. She has over 40 publications in peer-reviewed journals, and
maintains an active, externally-funded research laboratory focused on transplantation immunology
and the use of cardiovascular stem cells for the repair of the heart.

Mary Kearns-Jonker,

Associate Professor

Department of Pathology and Human Anatomy
Loma Linda University School of Medicine
E-mail: mkearnsjonker@llu.edu
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CASIS

The Center for the Advancement of Science in Space

Manager of the International Space
Station U.S. National Laboratory

NASA Advisory Councill
Commercial Space Opportunities

Duane Ratliff, Chief Operating Officer
30 July 2013

THE NATIONAL LAB RESEARCH
ENVIRONMENT

A Microgravity

A External Exposure
A LEO Observation Platform

A Technology Demonstration

Research for Earth Benefit

X-ray nova

-

Wilson et al. PNAS 104(41); 2007 Oct 12, 2010 Oct 17, 2010

Swan et al. PNAS 109(40); 2012

Kikuchi et al., Journal of Geophysical Research 115(D23306); 2010
Other images courtesy of NASA
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CREATING OPPORTUNITY CASIS

Mulit-Variable
Inputs

CASIS seeks to develop a robust
Shlafica and diverse research portfolio by:
Advisory (
BoSKd et A ldentifying unique and promising
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Chief -
Scientist  § .)

'”ﬁ;h;‘;’ym MR Economic L5 _ _
Experts Team & A Assessing market size, market

. interest and time to translate

icentificcrion research benefits to National

of Promising
Research Areas stakeholders
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Approve and execute research

Board of

Directors ,}"-*'.' portfolios

Approved 7
Science
Portfolio

INITIAL RESEARCH PRIORITIES CASIS

Osteoprotegerin testing in mice on Shuttle

A Biosciences

A Materials Science

A Earth and Space Observation

A Technology Demonstration
H-PGDS crystallized with novel

inhibitors

I¥ nanoparticles
produced in

Sarychev Peak Eruption, Kuril Islands

Acta Cryst. (2010). F66, 846-850
Other images courtesy of NASA, ESA




RESEARCH SOLICITATIONS

Using Microgravity

August 2012

Urtilization of Existing
ISS Hyperspectral Imaging

for Commercial Product Development
e N

November 2012

V' REQUEST FOR PROPOSALS _|

Materials Testing

in the Extreme Environment of Space

Development of Strategmes
for Support of Stem Cell Research
, on the International Space Station
=W« U.S. National Laboratory (ISS NL)

e e —

March 2013

REGIUEST FUe FieUPUGA

Funded Opportunity for th
PSS Stem Cell Research  Closed July 261 2013

o "-‘-( - . 2

& T g nboard the International Space Station

EVALUATION & SELECTION PROCESS

Solicited
Proposals

Feedback on ™. + % Operations
How to Improve | Review 4

Scientific .
Review 1

Economic
Review <

_ Combh‘onoe
Review

F

Final Prioritization &
Award Determination

CASIS

Operations team determines
technical feasibility

Review for scientific merit by external
panel of subject matter experts

Economic valuation to assess
tangible and intangible value to U.S.
taxpayer

Legal and Compliance team review of
regulatory, compliance, IP and other
potential legal issues

Final award and prioritization
determinations by Executive Director,
Chief Scientist and Chief Economist




EXAMPLE PROJECTS

Grant Awardees from Formal Solicitations and
Selected Unsolicited Projects

PROTEIN CRYSTALLIZATION

A Dr. Joseph Ng, iXpressGenes Inc.: The location of
IPPase-associated hydrogen atoms potentially involvec
in catalysis (using neutron diffraction)

Dr. Sergey Korolev, Saint Louis University School ;
of Medicine: Human calcium-independent HQL-79 crystallized on station
phospholipase PLA2g6 and prothrombin

Dr. Edward Snell, Hauptman-Woodward Medical Research Institute at
SUNY Buffalo: Four medically-relevant proteins, two of which have large
disordered regions: OXR1, ECHDC1, Srcasm and HSPA13

Dr. Pamela Bjorkman, California Institute of Technology:
Exon 1 polyglutamine repeat in huntingtin protein B

Cell aggresomes
Credit: Yury Chernoff

Images courtesy of NASA and NIGMS




PROTEIN CRYSTALLIZATION

A Dr. Stephen Aller, University of Alabama-
Birmingham: High-impact human membrane
proteins, specifically ABC proteins, including
multi-drug resistance transporters

Thaumatin

Dr. Constance Schall, The University of Toledo: eryetalized
Three medically important enzymes involved in on station
amino acid and nucleotide biosynthesis and

metabolism: MTAN, TS, and AAT

Additional CASIS-sponsored PCG projects in preparation for -
flight include a Merck investigation into the structure of a €% MERCK
medically relevant monoclonal antibody (Pl Paul Reichert).

Images courtesy of NASA

MATERIALS SCIENCE

A Dr. Kathleen Morse, Advanced Materials Applications,
LLC: Use of the Gumstix™ Computer On Module in
radiation studies to examine fault-tolerant computers

External Platform Program
Dr. W. Jud Ready, Georgia
Institute of Technology:
Development of cost-
effective, energy-efficient
photovoltaic cells made of

lightweight carbon nanotubes  CASIS released an RFP broad in scope to
promote use of the NanoRacks external platform
for research with Earth applications

Images courtesy of NanoRacks




EARTH OBSERVATION CASIS

A CASIS issued an RFI to gauge commercial interest in using the
Hyperspectral Imager for the Coastal Ocean (HICO)

A Of the many responses received, two were converted into formal
proposals:

* Naval Research Laboratory:
Development of harmful algal bloom
early detection, quantification, and
classification algorithms

HySpeed Computing: Development of
a prototype enterprise architecture for
rapidly implementing new remote
sensing algorithms and applications

Image courtesy of NASA

STEM CELL PROPERTIES IN MICROGRAVITY  ~ 4,65

A Ability to either maintain pluripotency . DT
or improve differentiation | 7 ; | Mouse

+] embryonic
stem cells:
Large spheres
remain
undifferentiated
and pluripotent

Simulated
microgravity

Simulated
microgravity
Simulated
microgravity

MSCs: Increased ]
expression of endothelial Epidermal stem cells:

markers, greater capillary Multicellular structures
formation maintain high

proliferative capacity

Simulated
microgravity

Enhanced MSC differentiation into neurons

Chen et al. Nuerosciece Letters 505; 2011
Zhang et al. Naturwissenschaften 100; 2013
Lei et al. PLoS ONE 6(11); 2011

Kawahara et al. PLoS ONE 4(7); 2009




UNSOLICITED PROPOSALS

A Microgravity research has been NASA-focused,
discovery in nature, not targeted to commercial
application. As a result, research opportunities
may not be understood or structured

Unsolicited proposals provide an
opportunity for research that may
not fit within the requirements of a
formal grant

To date, the majority of CASIS’
flight opportunities have been
derived from this process

Images courtesy of NASA

UNSOLICITED AWARDS

A Dr. Anna-Lisa Paul, University of Florida:
Identification of genes involved in Arabidopsis
root morphology/adaptive physiology

Methodist Hospital Research Institute:
Hardware development for the study of
nanoscopic diffusive transport, toward
healthcare applications

Southwest Research Institute: Study of meteors
that impact Earth’s atmosphere, using the
Window Observational Research Facility

Images courtesy of NASA




UNSOLICITED AWARDS

A Proctor and Gamble/Zin Technologies:
Colloid phase transition and separation
kinetics, toward improvement of
product formulations and stability

Department of Veterans Affairs:
Evaluation of known and novel
anti-cancer drug therapies using yeast
chemical genomics

Particle aggregation in a magnetic field

COBRA PUMA GOLF: Bonding of dissimilar materials
by electroplating, toward the improvement of alloys for
commercial use

Swan et al. PNAS 109(40); 2012

EDUCATION OPPORTUNITIES

A Windows On Earth: A suite of integrated
software tools to help students,
scientists and astronauts identify
targets for photography from ISS
(CASIS collaboration with TERC and
the Association of Space Explorers)

Story Time From Space: An astronaut on the
station will read from a children’s book and
perform simple related science demonstrations

Images courtesy of NASA and the University of Colorado




FUNDING

Seeding Opportunity, Generating Funds, Partnering
Financial Benefits

ENTRY POINTS AND FUNDING MECHANISMS A st

A Formal Grant Call
» CASIS awards grant funding

A Unsolicited Proposals
Result of BD, Outreach
Options for seed funding from CASIS

Support through institutional :

partnerships: venture capital, matching, MO_V'ng money

philanthropic funding, in-kind resources ~ Within the CASIS
Marketplace




LOOKING FORWARD

Incentivizing Further Commercial Development

UPCOMING OPPORTUNITIES

Unsolicited proposal opportunities continue

Science Advisory Board to evaluate research outcomes for future
grant consideration

Partnership maturation will create fund leverage & research
streams

Technology demo, validation and development

Crowdsourcing: Generate ideas
geared to identify out-of-the-box
research that may be realized
through partnering with expertise

Image courtesy of NASA




NATIONAL LAB UTILIZATION TO DATE

To date >$15M obligated for ISS NL research
across 40 projects

>$2M non-NASA funds committed to targeted t CHALLENGE

flight opportunities

Commercial Partnerships with Boston Museum of 9 MERC

Science, MD Anderson, Baylor College of

Medicine, MIT, MassChallenge, Boeing, NSTA,

The Broad Institute, etc. G\ | US Department
| of Veterans A ffairs

Flight Project Agreements with P&G, Merck,

Cobra Puma, numerous universities

MOAs in place and/or in development with NIH,
NOAA, USDA, VA, DoD, NRL (Navy)

HOW CAN COMMERCIAL UTILIZATION BE -
ACHIEVED CASIS

A Demonstrate that the fundamental questions re: microgravity can
be answered

Create opportunities to address these questions — seed funding,
partnerships, grant challenges, outreach

Familiarize the research community at large with the CASIS
business model and utility of ISS

Streamline process while preserving
safety and integrity of crew and vehicle

Achieve repeatability, reduce time to
flight, and lower cost




CASIS

Twitter: @iss_casis




NASA’r*v‘-“»r —T—EEt‘/’)'l—O)
D UNE D ZEEEEZAaHE
B N EE rGrawte@J 03.:1%0)% BH

LEXFRZR BEREREFHAER L£ARRRECHFEE #HR
(B) AR=R - N\AF - FHKF +)—X IR
L]

Welcome to

Space Biology

Y science educators
’ahd their students




Space Adaptation Syndrome (SAS) : F & & i i 1% &

W2 BTER (THER) - FHED
R BREOM - (KiE 7 FEi&
DRMEROKEE

FMERNE
B HIV ) L

b
K
i
®
7
5
i
1y

BT HEH
eI (H)

Gravite: E A f|HEEE i E CORBFHIRREODER

EORIMVERBETHBLTIONS #/nEH (10°°G) - #Fa4E &
DIEBRB/NENREZDOKYHT.

BRI, JBDT2~3GNRBEHERIEL

HUNDEHEE

R FE (Patent)

£ o EAHEEE

HEEERS  2013-124777

H FE H 201346813H

HOBE AN AN NAL TR IN)-R
A R)H—F

¥ HFE (Patent)

% R MReEEREHEHES

HEEE S 2013-132109

H BB H 20134F6824H

H B A BAN-Z-NAF TR FN)-Z
Ao RS —F




[GRAVITED4REEER #HEFHlifz (L6) TOEHeH!]
WUNE HE—R

BENREZZEE
SR e Yl ki) )
TMEICRHEEE
ABDEMN DI D
s

B AKFEIC
HiEO b5 E
mEMIER MizoxX
ook, § BE

107°GIRIE \ N

. Siofils  MElRERESLT  ERLT
2GIRIE 7 / EmE e~ iR

{J Hislechem Cytochern 2008, 54. 1177-81 20E0)

BEM/NENEEZFE MR
FERITOEHBNRIC & 55 - BiERES 0 Bt R

1) B4 (£ FBE) ) BER
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RESEARCH SOLICITATIONS N vasal A

REQUEST FOR PROPOSALS B ' - . DR PROPOSALS

Advancing Protein Crystallization

Usinis Microurayity Materials Testing

1n the Extreme Environment of Space

August 2012 B December 2012

REQUEST FOR INFORMATION

De;t;l;)p;l:l(;nt ot: Stratcéc;
: ‘ for Support of Stem Cell Research
ISS Hyperspectral Imaging _on the International Space Station

for Commercial Product Development "‘4% U.S. National Laboratory (1SS NL)
e - e il

November 2012 March 2013

Utilization of Existing

REQIUEST FOR PROPUSA

Funded Opportunity for

}3’1, = Stem Cell Research ~ Closed July 26" 2013

= hnboard the International Space Station

.
STEM CELL PROPERTIES IN MICROGRAVITY cAs15°
A Ability to either maintain pluripotency

or improve differentiation 4 3, | Mouse

& | ] embryonic
; stem cells:
Large spheres
remain
undifferentiated
and pluripotent

19

Simulated
microgravity

Simulated
microgravity

Simulated
microgravity

MSCs: Increased _

expression of endothelial Epidermal stem cells:
markers, greater capillary Multicellular structures
formation maintain high

proliferative capacity A

Simulated
microgravity

P anE
Enhanced MSC differentiation into neurons

Chen et al. Nuerosciece Letters 505; 2011
Zhang et al. Naturwissenschaften 100; 2013
Lei etal. PLoS ONE 6(11); 2011

Kawahara et al. PLoS ONE 4(7); 2009
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Simulated Ml@r@giﬁawty
Enables LIF-free Culture in
Mouse Embryonic Stem Cells

Yumi Kawahara’2, Tomotaka Manabe3, Masaya Matsumoto?3,
Kazuyuki Ogawa3, Teruyuki Kajiume', Masaaki Takeda',
Takuro Magaki’, Hiroshi Yamashita', Tetsuya Takahashi', Shiro Aoki’,

Yoshimasa Sueda’, Masayasu Matsumoto’, Louis Yuge?3

1 Graduate School of Biomedical Sciences,
2Space Bio-Laboratories Y. K.,
3 Graduate School of Health Sciences, Hiroshima University

(Kawahara Y., Kajiume T., et al.,PLoS ONE, 2009)

Leukemia inhibitory factor (LIF) (X, ES#Il@D K SMEEEFRDIZIX
RARGEITF7IEZ—THS. |
BHROBRKGRICIEISMERDOTT)7ZILIXERALGLVAMNEELLY. |

\ Mouse ES cells (BRCS8, derived from C57BL/6 mice) (RIKEN BRC CELL BANK,
(( Pre-culture : .
Tsukuba, Japan) were cultured with MEFs according to a standard
protocol.

- N\ 1.0 x 108 mouse ES cells were seeded on OptiCell™ (Thermo Fisher
((Experlment - L
Scientific Nunc brand, Rochester, NY, USA), and cultured for seven days.

Culture conditions
»feeder-free and serum-free ESF-C medium

(Cell Science and Technology Institute Inc., Sendai, Japan)
»Non-addition of LIF
»Non-coated culture vessels

Experimental groups
Group 1G: cells cultured in normal 1G environment
Group MG: cells cultured in 103G environment

(Kawahara Y., Kajiume T., et al., PLoS ONE, 2009)




Morphological Change and
Results 1 ALP Staining of Group 1G

Day 3 Day 7

Phase Contrast

ALP Staining

(scale bar: 200 um)
(Kawahara Y., Kajiume T., ef al., PLoS ONE, 2009)

Morphological Change and
Rasults ALP Staining of Group MG

Phase Contrast

ALP Staining

(scale bar: 200 pm)
(Kawahara Y., Kajiume T., et al., PLoS ONE, 2009)




MRNA expression of
undifferentiation markers

Day 3 Day 7

Oct-4

Sox2

Nanog

p-actin

(Kawahara Y., Kajiume T, et al., PLoS ONE, 2009)

Generation of teratomas

(only) in Group MG
_Ect_od_er_m | ndoerm 7 Mesoder

air follicles s 8. S RcHE

i b g

(Kawahara Y., Kajiume T., et al., PLoS ONE, 2009)




1. Feeder-free
2. Coating-free
== 3. LIF-free
4. Serum-free
| M— 5. Trypsin-free

([ Our preVious) Osteoblasts, myoblasts, and human mesenchymal stem cells,
! studies

cultured in a 3D-clinostat Gravite show suppression of cell

(Yuge L., et al., In Vitro Cell Dev Biol-Animal 39: 89-97, 2003)
(Hirasaka K., et al., BBA-Mol Cell Res 1743: 130-140, 2005)
(Yuge L., et al., Stem Cells Dev 15: 921-929, 2006)

(( Present ) Mouse ES cells could be maintained in feeder-free and serum-

differentiation.

Study free culture conditions without LIF in simulated microgravity.

We successfully developed a novel LIF-free simulated microgravity
culture technique for mouse ES cells. In addition, our method does
not require a feeder layer, serum, coating materials or trypsin to
maintain the cells. /,

(Kawahara Y., Kajiume T., ef al., PLoS ONE, 2009)

INFTOMNENREZE O -BAEERICET DM XERE

1. Imura T, et.al.: Interactive effects of cell therapy and rehabilitation realize the
full potential of neurogenesis in brain injury model. Neurosci Lett, 555: 73-78,
2013
Kawahara Y., Yuge L.: Simulated microgravity based stem cell cultures enhance
their utility for cell-based therapy. Current Biotech, 2: 257-261, 2013
Mitsuhara T., et.al.: Simulated microgravity facilitate cell migration and
neuroprotection after bone marrow stromal cell transplantation in spinal cord
injury. Stem Cell Res Ther, 4: 35, 2013
Yuge L., et.al.: Simulated microgravity maintains the undifferentiated state and
enhances the neural repair potential of bone marrow stromal cells. Stem Cells
Dev,20: 893-900, 2011
Takeda M., et.al.: Effects of simulated microgravity on proliferation and
chemosensitivity in malignant glioma cells. Neurosci Lett. 463: 54-59, 2009
Kawahara Y., et.al.: LIF-free embryonic stem cell culture in simulated
microgravity. PLoS ONE 4: 6343, 2009
Makihira S., et.al..Impact of the microgravity environment in a three-
dimensional clinostat on osteoblast- and osteoclast-like cells. Cell Biol Int, 32:
1176-1181, 2008
Yuge L., et.al.: Microgravity potentiates stem cell proliferation while sustaining
the capability of differentiation. Stem Cells Dev, 15: 921-929, 2006




National Aeronautics and Space Administration

Kennedy Space Center
Kennedy Space Center, FL 32899

July 1, 2015

Dr. Louis Yuge

Professor

Hiroshima University,

Graduate School of Biomedical & Health Sciences

Division of Bio-Environmental Adaptation Sciences

2-3 1-chome Kasumi Minami-ku Hiroshima, Japan 734-8551

Dear Dr. Yuge,

Thank you for accepting my request to become a member of the Micro-g Simulator Advisory '
Committee at the NASA Kennedy Space Center, Florida. I am looking forward to our fruitful
collaboration for establishment of a NASA-sponsored Micro-g Simulator Center.

. Howard G. Levine, PhD
e Chief Scientist KSC ISS

wf &_ at NASA Kennedy Spacg

Howard G. Levine, PhD

Chief Scientist & IACUC Chair

KSC Utilization and Life Sciences Office
Mail Code UB-A

Kennedy Space Center, FL 32899
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