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As Fiscal Year 2015 {FY15) comes fo a close, CASIS has seen measurable progress in both the
success of its awarded projects and the validation of its strategies 1o maximize utilization of the
International Space Station (ISS) as manager of the 1SS U.S. National Laboratory,

CASIS continues to mature its strategies for research procurement, business development,
partnerships, and leveraging of external resources to support the ISS National Lab research and
development (R&D) portfolio. Two major successes for the 1SS National Lab this quarier
underscore the significant progress that has been made.

* InSeptember 2015, CASIS formalized an agreement with the National Science
Foundation [NSF} that involves $1.8 million in NSF funding for ¢ joint solicitation in support
of fluids research on the I15S. This will be the largest “Sponsored Program” to date for
CASIS, following closely on the heels of the Q4 grant awards from a $500,000 Sponsored
Program supported by the Massachusetts Life Sciences Center. Such partnerships and
extemnal financial support promote awareness of the value of the 183 research platform
ond augment the accessibility of this platform to the R&D community beyond the
capabilities of CASIS alone.

+  Commercial service provider NanoRacks, LLC, part of the 1SS Natfional Lab allocation,
delivered their external platform to the ISS. This is the first commercial platform mounted
on the exterior of the 1SS for commercial testing of research payloads, sensors, and
electronic components in space.

The CASIS strategic Campaigns Good Earth and Good Health also had substantial gains this
quarter. Two project awards made by CASIS in Q4 will support Good Earth goals to improve
satelfite technology, and five awards will support Good Hedalth projects to improve biomedical
knowledge on Earth through spaceflight R&D. CASIS also issued a Good Health research
solicitation in Q4, titled “3D Microphysiological Systems for Organs-On-Chips Research,” based
on robust response to a Q3 Request for Information on the same topic. Through such solicitations,
in combination with targeted outreach activities, CASIS expects to further expand the 40+ Good
Health projects (led by prominent pharmaceutical companies and top academic research
institutions) currently in the 15§ National Lab R&D portfolio..

Additional projects selected in Q4 for CASIS sponsorship include physical sciences studies and
technology development initiatives. Q4 R&D project awardees, in total, include nine customers
who are new to space-based research.

In parallel, 1SS National Lab investigators continue to demonstrate the value of their work, with six
newly published papers describe the promising resulis that are being produced by CASIS-
sponsored projects. It was only fwo years ago that the first CASIS-sponsored payloads berthed o
15§ {and only four years since CASIS became an organization), so it is impressive 1o consider that
principle investigators have already produced a total of 10 papers
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describing resulis funded or supported by CASIS and the 1SS National Lab.

The new papers from Q4 advance knowledge in topics including the monitoring of red tide, 3-D
bioprinting of tumor cells, drug development and toxicity testing, and immune response in
wound healing. The nine publications to date represent work performed by academic
institutions, commercial entities, other government agencies, and educational initiofives in
science, technology, engineering, and mathematics [STEM). These are all of the major
organizations identified in the congressionally mandated (PL 111-247) 1SS National Lab planning
and coordination research activities managed by CASIS.

CASIS STEM education activities have also had a landmark quarter, with 11 events and 10
executed projects reaching more than 80,000 students and educators in this quarter alone. In
addition, five new STEM education projects were awarded in Q4, with diverse project areas
including amateur radic use, life sciences, and 15§ hardware improvements.

Finally, a notable success of Q4 was the fourth Annual 1SS R&D Conference held in July. The
conference saw a 100% increase in sponsorship and attendance, and conference
demographics for the 700+ attendees showed an increase in new-to-space potential users,
industry involvement, and state government interest. Many CASIS-sponsored investigators spoke
about their research results at the conference, and there were more than 145,000 views of web-
sireamed sessions of such plenary talks.

Qverall, Q4 successes for CASIS set a new bar heading into the next fiscal year. CASIS looks
forward to continuing to grow its relationships, portfolio, and successes. The following sections
provide more detail about this quarter's successes, including quarterly organizational metrics
and progress foward key CASIS goals.
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Campaign Gooc Ecrth
Good Earth is a collaborative campaign focused on maximizing 1SS Earth observation
capabilities for Earth benefit. As reported last quarter, Good Earth milestones were clarified in
Q3—in concert with recommendations from NASA 1SS Program Office leadership—to emphasize
the role of IS$ as a technology demonstration platform. To meet these milestones, CASIS
awarded a subconiract for a study evaluating IS5 remote sensing capabilities and assessing
NASA science data and processes. During this 120-day study, an extemnal subject matter expert
conducted interviews and surveys with potential stakeholders, customers, and partners from
NASA, the National Oceanic and Atmospheric Administration (NOAA), and the Department of
Defense {DoD) as well as aerospace and earth science technology companies. The completed
study addresses the following:
* Commercial applicability of, and access to, the NASA Remote Sensing Science Data archive.
+  Evalugtion of the ISS as a remote sensing platform with respect to capabilities, limitations,
and priority infrastructure improvements.
*  Identification of potential flight project contacts within the commercial remote sensing
market,

The findings of this study are currently under internal review. Based on this study, CASIS will
develop and employ an engagement strategy with commercial companies and other
govemment agencies (OGAs) to identify and advance remote sensing and supporting
technology flight projects. This engagement strategy will {1) further define the ideal parameters
of the ISS as a remote sensing platform (infrastructure, data management, and optimal Earth
viewing locations), {2) select projects that evaluate the commercial applicability of data
collected from NASA Earth science missions, and (3} idenfify potenfial technology demonstration
flight projects with broad benefit.

With respect to identification of possible projects, in Q4 CASIS evaluated a submitted proposal
for a Synthetic Aperture Radar (SAR) project on the ISS. As part of this process, CASIS
coordinated with NASA on potential mounting locations and infrastructure support and
interfaced with Teledyne Brown regarding Implementation Partner Support and
SAR/Hyperspectiral data fusion. In parallel, CASIS evaluated an additional seven technical
proposals for remote sensing supporting technologies, three of which moved forward in the
proposal development process. Two of these projects were awarded in Q4, with the third
pending final review:
= Dr. John Stryjewski from Vision Engineering Solutions will test a novel approach to track
spacecraft, debris, and objects that have litfle to no radar cross-section (for collision
avoidance in future satellite and commercial spacecraff applications).
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* Trent Martin from Business Integra will execute technology-readinessdevel (TRL)
advancement of SG100, a single board computer platform that can support the much
higher processor demands of the current and future scientific and aerospace applications in
low Earth orbit {LEQ). The test period will be 2 years, with interim data reports at é-month
intervals—culminating in achievement of TRLY. The technology will provide a low-risk sclution
to satellite and experiment developers.

= A third proposal involving a multimode antenna may also be supported in the future.

In addition, CASIS identified six quality leads for future flight projects {pending funding or

completion of ground/lab-bench testing):

+ Atactical radio-frequency (RF) communications relay—mounting a low-cost
communications antenna on an LEQ satellite fo communicate with commercial
geostationary communications satellites.

= A “Flash" Hyperspeciral Camera—an instantaneous {rather than scanning} hyperspectral
imager with 2-5m resolufion.

* Four Laser Communications concepfs—to address a primary 1SS remote sensing limitation,
the data downlink capacity.

Campoign Good Heaith

The objective of Good Health is to establish partnerships with NASA, OGAs, and industry to
leverage funding that will enable open-source science on the ISS to improve human health on
Earth. The campaign will generate longitudinal data from model organisms and cell lines
exposed fo the space environment, which will then be entered into the NASA Genelab platform
(an open-source database generated from spaceflight experiments) o enable community-
driven reference experiments, generating standard reference datasets. The Good Health
strategic effort will leverage the Precision Medicine Inifiative, an enterprise o generate the
scientific evidence needed 1o move precision medicine into everyday clinical practice, as well
as digital medicine and systems biology to incentivize use of the IS§ by the biomedical
community. The Good Health $teering Committee includes 18§ National Lab stakeholders
representing the National Biomedical Space Research Institure (NSBRI), NASA Headquarters,
NASA Human Research Precgram (HRP), NASA Space Life and Physical Sciences Research and
Applications Division [SLPS), National Institutes of Heaith {NIH), NASA Genelab Program, and
external experts in the field of personal omics analyses.

Various outreach events were conducted in Q4 fo raise community awareness about the
objectives of Good Health. CASIS conducted two meetings at the National Science Foundaticon
{NSF) with Division Directors for NSF Directorates and NASA Office of Chief Scientfist to discuss
future collaborations between CASIS and NSF related to Campaign Good Health. CASIS also
presented Campaign Good Health in workshops at the NIH, including the Federal Working
Group on Bone Diseases, the seventh NIH Microphysiological Systems (MPS) Investigator Review
Meeting, and the first NIH MPS Workshop: Working with Industry Partners and Other Stakeholders.
In addition, two formal Good Health events were held in conjunction
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with the fourth 1SS Research and Development (R8.D) Conference in Boston:

* A Good Health Panel Session moderated by Dr. Julie Robinson (ISS Chief Scienfist, NASA) was
a main broadcast plenary event at the conference. Panelists included Dr. Anita Goel
(Chairman and Chief Executive Officer, Nanobiosym}, Dr. Steven Steinhubl {Director, Digital
Medicine, Scripps Translational Science Institute), Dr. Joan A. McGowan (Director, Division of
Musculoskeletal Diseases, National Institute of Arthritis and Musculoskeletal and Skin Diseases,
NIH), Dr. Mark Shelhamer (Chief Scientist, NASA HRP}, and Dr. Timothy Yeatman (President,
Gibbs Research Institute and Director, Gibbs Cancer Center].

* A closed Campaign Good Health Panel discussion was held on the final day of the
conference, with invited stakeholders including individuals from NASA, the CASIS Board of
Directors, the CASIS Science and Technology Advisory Panel, and select representatives from
academia and industry. Panel members included Dr. Brad Carpenter (Deputy Chief Scientist,
NASA SLPS)}, Dr. Mark Shelhamer (Chief Scientist, NASA HRP), Dr. Graham Scoft (Chief Scientist
and Institute Associate Director, NSBRI), Dr. Oana Marcu (Senior Scientist, NASA Genelab
Program}, and Dr. Michael Roberts (Senior Research Scienfist, CASIS). Discussion focused on
the goals of Campaign Good Health to enable space-based projects to improve human
wellness on Earth.

Following up from last quarter, in Q3, CASIS issued a request for information (RF!) on 3-D
Microphysiological Systems for Organs-On-Chips Research. The RFl sought fo capture expert
input about cutting-edge micro-scale systems that mimic the structure and functions of living
organs, toward developing a plan to support such research on the I58 Natfional Lab. Using
human cells in these microphysiological systems onboard the 185 will accelerate scientific
advancements foward tissue engineering and regenerative medicine. CASIS received 33 formal
written responses to the RFl and many additional informal indications of interest from the
commercial sector. Based on this response, in Q4, CASIS released a Grand Challenge
(solicitation for research proposals) in this areq, seeking flight projects for the 1SS National Lab.
Responses are due in QTFY14. Awarded projects will complement the 40 flight experiments

“currently manifested for the IS5 and sponsored by CASIS that already fall under Campaign Good
Health.

Also from last quarter, CASIS distributed a "model systems” survey in Q3 to more than 150
strategically targeted subject matter experts—seeking expert input to help identify optimal
model organisms {e.g.. rodents, flies, cell cultures} for studying human disease onboard the ISS.
Survey results are cumrently being reviewed intemally, and CASIS expects to identify from these
the most appropriate models and disease-specific focus areas for which to acquire subject
matter experis for Good Health Science Definifion Teams.

ISS Ngtional Lab Porifciic

Q4 held several major accomplishments with respect to strategic development of the 18§

National Lab R&D portfolio. In a significant step toward collaboration with OGAs, CASIS finalized
an MOU with the National Science Foundation (NSF) for a joint
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research solicitation with $1.8 million of NSF funding to support fluids research on the ISS National
Lab. CASIS is working closely with NSF on implementation details and schedule milestones. This
will be the first CASIS Sponscred Program in partnership with an OGA, and the largest $ponsored
Program to date {a Sponsored Program is a grant solicitation in which funding is provided partly
or entirely by an outside entity}. Relatedly, the first fully-funded Sponsored Program, the
Massachusetts Life Sciences Cenfer (MLSC) Galactic Grant Competition, was awarded in Q4,
with two flight-prize awardees announced at the ISS R&D Conference in July. The awardees
{both Massachusetts-based commercial companies) will split g $500,000 grant from the MLSC.
Two education projects (discussed in more detail on page 12) were also awarded in Q4 as part
of a pardllel education competition from the MLSC.

An additional 13 projects were also selected in Q4 for CASIS sponsorship: three education
projects, four in the life sciences, fwo in physical sciences, one in remote sensing, and three in
technology development. Of the 17 total awarded projects in Q4, nine were from commercial
companies, three were from academic institutions {one in partnership with a commercial entity),

and five were educational initiatives. For more details on these newly awarded projects, see the
"Q4 FY15 Project Pipeline" table on page 20 of this report.

With respect to previously awarded projects, six new academic papers resulting from CASIS-
sponsored projects were published in Q4, bringing the total number of publications resulting from
CASIS awards to ten. Below is a brief discussion of the newly published papers: citations and
additional descriptive text can be found in the Metrics table “Contributions to Scientific
Knowledge” on page 17.

» Published results in the Journal of Applied Remote Sensing discuss detection of algal blooms
from space. Since the Hyperspectral Imager of the Coastal Ocean (HICO, the 185-based
sensor originally proposed for use in this project) became dysfunctional during the study
period, the authors used other space-borne sensors to complete their CASIS-sponsored
research. In this publication, the author {Principal Investigator [Pi] Dr. Ruhul Amin, now with
BioOptoSense, LLC) successfully distinguished regions with algal blooms from other bloom-like
features such as sediment plumes—and was able to monitor the movement of the blooms,
linking the movement pattems with tidal forces. Harmful algal blooms (HABs), which are best
known as the cause of “red tide," are toxic to humans, and monitoring the trends in the
presence and movement of these HABs may help us better combat their harmful health
effects.

« CASIS awardee nano3-D Biosciences [n3D) published a milestone manuscript on its 3-D
bioprinting and cell culture technologies in Scientific Reports, the open access journal from
Nature Publications. The article describes how scientists from n3D {led by Pl Dr. Glauco
Souza) have devised a novel test that uses 3-D cell aggregates (also known as spheroids)
created with magnetic 3-D bioprinting. An ongoing challenge in biomedical research is the
search for simple yet robust tests {termed “assays” in the field) using such 3-D cell culfures for
toxicity screening—investigating the potential negative effects of drugs on human tissues.

This study addresses that challenge with a novel sphercid assay that
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can detect the toxic effects of drugs with both accuracy and high-throughput to meet the
needs of researchers in drug discovery and development. Moreover, the assay oflows for fast
and robust testing by simply using real-time imaging with a mobile device {an iPod Touch
from Apple). This methodology can also be readily implemented o support biomedical
research performed in space: the system is compact, lightweight, and equipped with a high-
resolution camera and seftware capable of time-lapse imaging.
On the heels of the article above in Scientific Reporis, Promega, a major life sciences
company, published another n3D paper on its PubHub page, which offers ground-brecking
arficles on new technologies. This publication demonsirates the n3D magnetic 3-D
bicprinting method for rapidly and reproducibly printing cancer and liver cells into three-
dimensional spheroids in high-throughput format. The publication proceeds to show how
these spheroids can be successfully used together with existing products typically used to
analyze cells. This recognition by Promega further validates the value of n3D's bioprinting
technology.
A manuscript published in Plos One in July reported the impact of simulated microgravity on
a type cardiac stem cells isolated from human infants and adults. While no CASIS-sponsored
stem cell projects have yet flown to the ISS, ground research experiments to develop flight
experiments are ongoing. The primary focus of these experiments is to optlimize experimental
designs for spaceflight, but ground-based data from some “simulated” microgravity -
experiments are showing exciting trends—with cells behaving differently than they do under
normal gravity conditions. This particular study (led by PI Dr. Mary Kearns-Jonker of Loma
Linda University) showed that cardiac stemn cell responses to microgravity might be
influenced by age. The authors demonstrated that simulated microgravity could be used to
manipulate the process whereby “young" cells activate a conserved regenerative
microRNA (miRNA} program. MiIRNAs are very small molecules that regulate protein synthesis
in the body—and a “regenerative” program would be involved in maintaining healthy fissue
and repairing any damaged fissue. Understanding how to activate this program, through
evalugtion of the aging of cardiac stem cells in microgravity, may advance progress toward
improving cardiac cell therapy or treatments to promote repair of damaged heart fissue in
adults. Because heart disease is the number one cause of death in the U.S., research into
such therapies are paramount to human health on Earth.
Recently published work in FASEB discussed ISS experiments that discovered that miR-21
{another miRNA} is dysregulated in spaceflight. The authors {led by Pl Dr. Millie Hughes-Fulford
of Northem Cadlifornia Institute for Research and Education) were able to define a new way
that MiR-21 regulates the human immune system. MiIRNAs aftach themselves to other “target”
RNAs and prevent the translaticn of this genetic material into proteins. In this 1SS experiment,
the team found that miR-21 targets of four key immune genes (BTG2, SPRY2, TAGAP, and
FASLG) were differently regulated in spaceflight—and that gravity itself is responsible for part
of the dysregulation of the immune system gene expression during spaceflight. Moreover, this
team was able to discover a new way the immune system self regulates by inducing miR-21
to enact this inhibition of gene expression—which, notably, takes days to occur. This
previously unknown mechanism controlling the immune response was
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termed “self-limiting induction.” This new mechanism is important because processes such as
wound healing need to turn off once repair is made, and dysregulation could cause
uncontrolled growth. Dysfunction of this self limited-induction mechanism also may apply to
diseases like cancer, in which uncontrolled growth causes tumors and negative health
effects. Removing the variable of gravity by performing research on the 1SS may thus reveal
new biological mechanisms and approaches for treatment of disease.

» A paper published in the Journal of Molecular Biclogy describes preflight work performed by
a CASIS-sponsored team {led by Fl Dr. Pamela Bjorkman) studying Huntington's disease. This
inherited, neurodegenerative disease is caused by the expansion of a poly-amino-acid
stretch, cdlled a polyglutamine (polyQ} repeadt, in the huntingtin protein. Most people with
Huntington’'s disease develop symptoms of nerve cell breakdown in their 30s and 40s,
gradually losing functional abilities and developing movement, cognitive, and psychiatric
disorders. Two models exist to explain why expanded polyQ repeats cause Huntington's
disease: 1] the expanded polyQ repeat is an extended random-coil structure that contains
many binding sites, or 2} the expanded polyQ repeat forms a specific pathologic
conformation. This paper analyzed binding of antibodies o normal and expanded polyQ
repeats within huntingtin proteins—and results supported the first model above, which has
important implications for drug development for Huntington's disease (i.e., it may not be
feasible to design drugs that target a specific, common structure).

For more details on CASIS-sponsored projects and their progress, see the “Q4 FY15 Project
Pipeline” table on page 20 of this report. This table includes preliminary findings and indications
from ground-based and postflight CASIS-sponsored projects.

Finally, in conjunction with the fourth ISS R&D Conference held in Boston July 7-2, CASIS siaff
supported a quarterly (in-person) meeting of the CASIS Science and Technology Advisory Panel
{STAP}. In the Life Sciences, members were updated on Campaign Good Health and additional
CASIS initiatives to expand utilization of the ISS National Lab for protein crystallization and next-
generation agriculiure. STAP member Dr. Charles Guy {University of Florida) invited CASIS staff to
meet with Dr. David Norton (VP of the Office of Research, UF), Dr. David Nelson [Assistant VP of
Collaborative Life Sciences, UF), and representatives of the Florida High Tech Corridor Council
Program, Space Research Initiative, and the Florida Space Grant Consortium to help build a
Florida component for CASIS development of a campaign in next-generation agriculture. In the
physical sciences, STAP members were updated on the progress of the NSF MOU, and additional
discussion focused on ways to capitalize on commercial interest in microfluidics research. The
team also discussed opportunities to improve hardware, incorporate educational activities, and
better utilize existing remote sensing capabilities on the ISS.

Operctional Logistics Update

In Q4, CASIS manifested 22 new payloads for flight and initicted operations for the Increment

Pair 45/44, in which the ISS National Lab has 38 payloads scheduled fo operate. The U.S.
Commercial Resupply {CRS) missions continue to be off-nominal, with
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expected return to flight to begin with OA-4 in December 2015. Of note, CASIS obtained ISS flight
safety approval and flight cerification for CASIS PCG-4 [a protein crystal growth project from
pharmaceutical company Eli Lilly) on SpX-8. CASIS also supported the logistics
planning/execution of the return of tissue samples from Rodent Research-2 {from life sciences
company Novartis) via the Soyuz 425 return vehicle, a first for CASIS and the IS8 National Lab.

In August, the most recent series of ISS National Lab payloads successfully berthed to the ISS
onboard the Japanese H-ll Transfer Vehicle (HTV-5). These Lab payloads were delivered in
coordination with payload services provider, NanoRacks LLC, a private sector company that
operates the only commercial research facility onboard the 1SS via a Space Act agreement with
NASA. Sponsored payloads that berthed to the 1SS on this recent mission include:

* NanoRacks-AAUSATS: A student-designed and constructed Automatic Identification System
(AlS) receiver to frack ship signals with a small satellite launched from the ISS. Results wiil
validate the software and hardware for a space-based AlS system and will inspire students to
develop a deeper connection to the space program.

* NanoRacks-GOMX-3: Testing of a small satellite with an advanced antenna-pointing system
and a variety of communications capabilities. The satellite contains three radios, one of
which receives beacons from commercial aircraft o improve air traffic monitoring. Two
radios test reception and data downlink in the L-band, used by GFPS satellites, and in the X-
band, used by the military and for weather monitoring, qir fraffic control, and other uses.

= NanoRacks-Planet Labs-Dove: A fleet of nanosatellites deployed from the 1SS to take images
of Earth from space. The satellites are designed, built, and operated by Planet Labs Inc.,
which provides the imagery to a variety of users. The satellites focus on areas within 52
degrees of Earth's equator, where most human populations and agricultural areas are
located. They revisit the same areas mere frequenily than dny existing government or
commercial satellites. The images have several humanitarian and environmentat
applications, from monitoring deforestation and urbanization to improving natural disaster
relief and agricultural yields in developing nations.

In addition, HTV-5 dlso delivered the NanoRacks External Platform {NREP), the first commercial
platform capable of leveraging the extreme conditions on the exterior of the IS5, which include
temperatures that cycle between extreme hot and cold as well as exposure to vacuum
conditions, radiation, and atomic oxygen (a damaging form of the oxygen molecule). Following
a joint agreement with CASIS in 2012 for the development of this platform, the NREP will provide
a variety of 155 National Lab researchers access to the extreme environment of space for
research in disciplines such as materials science. This platform is the first permanent hardware on
the outside of the ISS that cllows researchers to toke small experiments {shoe-box sized payloads)
in and out of the space environment for long-term studies. The NREP is one of the largest private
sector investments to date onboard the 185, and CASIS is the first “customer” for the platform,
with various CASIS-sponsored payloads scheduled for deployment on the platform during 2016.
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For the third year in a row, CASIS continved its partnership with MassChallenge, the largest
startup accelerator to support highimpact, eary-stage entrepreneurs without taking any equity.
During this year's MassChallenge competition, CASIS is also partnering (for the second time} with
Boeing, which is providing $250,000 in funding fo support a joint Sponsored Program with CASIS
for innovative flight projects. This commitment from Boeing to support flight projects on the IS5
National Lab is an additional example of success in expanding the CASIS network by leveraging
external funding—in this case, to identify nontraditional flight projects through innovative start-up
company ideas. This quarter, CASIS and Boeing executed the MassChallenge Pitch competition
ond worked with six final teams to develop project proposals {identified from 11 pitch
presentations—previously down-selected from 16 project concepts during Q3). These six full
proposals were submitted on September 25 and are currently under review.

In conjunction with NASA, CASIS executed two Destination Station events in Q4, resulfing in more

than 40 new project ideas that are cumently being explored:

= In Boston, the event was infegrated with the ISS R&D Conference and brought in
nontraditional users for sessions on how to access the ISS National Lab. CASIS presented to
more than 75 new users and built awareness through a Moebile Exhibit and press interviews.

= |n Minneapolis, CASIS conducted four major “industry day" sessions, with General Mills, Cargill,
Valspar, and Target. CASIS also supported "Nerd Night" with additional nontraditional users.

Further cutreach and business development activities included participation in several key
conferences and trade association events, detailed in the "Conferences and Events in Q4 FY15”
table on page 33. Such fargeted outreach continues to be effective for CASIS and the
diversification of the ISS National Lab R&D portfolio, with 19 quality proposals being submitted in
Q4 alone as a result of these efforts.

Additionally, in Q4, CASIS facilitated introductions between 16 companies and investor groups
interested in supporting cutting-edge R&D—with four of these companies attaining investment.
One of these successiul company pitches {obtfaining equity investiment) came from Deep
Space Industries, Inc., which was awarded by CASIS in Q4 {see the "Q4 FY15 Project Pipeline”
table on page 20 for more detdails). CASIS also formalized three new investor partnerships, which
will seek to further augment avaitable funding avenues for CASIS-sponsored principal
investigators {Florida Venture Forum, Dreamlt Health, and Techstars). Part of the CASIS mission is
o energize outside investment in companies using the 1SS National Lab for R&D to solidify their
business models for success in the terrestrial market. CASIS thus seeks to augment support of the
companies that receive sponsorship through our review process to include access to investment
capital and other sources of support.
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Finally, CASIS continued its support of low Earth orbit {LEQ} commercialization initiatives. In Q4,
CASIS improved strategic direction for pricrity LEQ research areas (i.e., those identified by CASIS
as having shared public-private benefit, including protein crystallization, organ or tissue
bioengineering, and in-orbit manufacturing). Strategy milestones include identification of early
goals and methods to engage the larger community for developing infrastructure and a
sustainable market. The currently open Grand Challenge also aligns with the organ
bicengineering LEO commercialization priority area. The 1SS National Lab is a critical platform fo
stimulate the use of LEQO for sustained economic activity, and through these cumulative efforts,
CASIS hopes to create demand for the future of LEO commercialization.

Five new student projects were selected for CASIS sponsorship in Q4 [project descriptions listed in
the “Q4 FY15 Project Pipeline” table on page 20). Information on the programs associated with
these projects is detailed below.

= ARISS, one award: Amateur Radic on the International Space Station {ARISS) is an
educational cutreach program sponsored by NASA in which students in a science and
technology curriculum speak with the 18§ on-orbit crew. Using amateur radio, students ask
questions about life in space or other space-related topics. Students fully engage in the
ARISS contact by helping set up an amateur radio ground station at the school and then
using that station to talk directly with the onboard crew member for approximately 10
minutes, the amount of time the 18§ passes overhead. Preparation for the experience
motivates the children t¢ leam about radio waves, space technology, science, geography,
and the space environment. In many cases, the students help write press releases and give
presentations on the contact te their fellow students and to the local community. Through
this hands-on experience, students are engaged in Science, Technology, Engineering and
Mathematics (STEM] fields, and leam that STEM-related careers are within their reach.

* Genes in Space, one award: The Boeing Genes in Space national competition targeted
grades 7-12, with 700 students paricipating. Proposed projects revolved around an on-orbit
hdrdwcre kit that can be used by educators or other investigators to perform ISS-based
research. The hardware consists of a mini polymerase chain reaction thermal cycler to allow
students fo work with modem commercial off-the-shelf platforms onboard the 1SS.

* Space Station STEM Challenge (NDC-4), 2 awards: The CASIS National Design Challenge
(NDC) program provides educators and adult facilitators with the necessary training and
ongoeing technical support needed to provide their students with an experiential learning
opportunity in engineering design and computer programming. NDC connects students with

prominent scientists and encourages them to pursue STEM careers.

WWW.NASAWATCH.COM 12




WWW.NASAWATCH.COM

Resulting from a newly formed parinership between CASIS and the Massachusetts Life
Science Center, cne school was selected for NDC-4 via a competition to design, build, and
send q life science experiment to the 155. The flight team will involve the entire school of 800
students in the project. A ground team for NDC-4 was also selected from the runners-up. This
teom will assist the flight team with preliminary research, suggestions on experimental design
and automation, ground testing of subsystems, media oufreach, and mission patch design.

* NASA HUNCH, one award: The High School Students United with NASA to Create Hardware
{(HUNCH]} program allows students to design and fabricate valued products for the ISS. CASIS
and the ISS Naticnal Lab help to support this instructional partnership between NASA and
educational institutions.

CAGSIS also confinued managing existing STEM education programs and partnerships. The

following took place in Q4.

« Zero Robollcs: In August, the middle school competition finals events were held for ZERO
Robotics, a student competition o program functions for mini-satelfites on ISS. The final
competition of each tournament (middle and high school) is held onboard the 1SS yearly.
This year the Middle School Summer Program was available fo selected teams in Alabama,
Cdlifornia, Colorado, D.C. Metro/ Maryland, Florida, Georgia, Idaho, Massachusetts, Ohio,
Oregon, SEMAA, Texas, and West Virginia. More than 100 educators and mentors and 725
students from 11 states participated in the prograom this year, and 111 students participated
inperson at the finals event at Kennedy Space Center.

« Student Spaceflight Experiments Program (SSEP): CASIS provides underwriting to close
budget shortfalls for SSEP communities that would otherwise not be able to parficipate in
SSEP. To date, CASIS underwriting has dramatically impacted participation in SSEP Missions 3
through ¢ to the ISS. Across all seven missions, CASIS supported 85 communities and made
possible paricipation by 40,100 students, resulting in 8,676 flight experiment proposals
submitted by student teams (including the projected impact for Mission 9}. CASIS supported
SSEP Missions 7 and 8 in FY'15 by sponsoring 28 of 38 total communities across 17 states.

* Story Time from Space (STFS): The STFS team is working 1o rebuild the demonstration payload
that was lost in SpX-7. During Q4, they were able fo increase the exposure of STFS by
participating in a wide range of outreach events and conferences. The team has also
confinued to get media exposure with National Public Radio, Quest, CBC Media Centre,
and the Penticton Herald.

Finally, CASIS acted to expand the reach of the ISS National Lab through a variety of STEM
outreach events in Q4, including three CASIS Academy Live events (which feature presentations
from CASIS-sponsored investigators and hands-on activities for student participants). These
events are detailed in the "Conferences and Events in Q4 FY15" table on page 33.
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in July, CASIS (in coordination with NASA and AAS) was a main spensor of the fourth annual 1SS

R&D conference in Boston, MA. During this four-day event, more than 700 registrants {up from

300 last year) learned about recent advances in knowledge and commercial applications from

R&D in space as well as opporunities for the future and programmatic direction. The event

featured a wide range of speakers, including principal investigators, astronauis {active and

retired), innovative aerospace executives, NASA and CASIS officials, and a variety of
participants from STEM education initiatives. Associated outreach highlights include a keynote
address by SpaceX's Elon Musk, more than 7,000 social media posts related to 1SS R&D (#ISSRDC,

80 million impressions, and more than 165,000 views through dll video and web-streamed

sessions). Media coverage spanned some of the most recognizable publications and outlets in

the world {Bloomberg. MSN, Yahoo News, Huffington Post, ABC News, CBS News, NBC News,

Mashable, New York Post, Chicago Tribune, Reuters, The Verge, Boston Globe, and Washington

Times), and in total, 576 media clips generated more than 3.2 billion impressions {3,24%,554,600).

At the conference, CASIS released two new features for the community:

» CASIS and NASA jointly unveiled a new web portal (www.spacestationresearch.com) that
highlights the R&D capabilifies on the ISS§ and provides an overview of space-based research,
designed to serve the new-fo-space potential user community.

« CASIS announced a state-of-the-art 3-D rendering of the 1SS, giving researchers and the
general public a view previously not provided to the public. This rendering provides an
internal ond external view of the ISS, a true “walk-through"” highlighting major components,
and examples of research onboard. CASIS is working with museums and similor facilities to
feature this interactive display and educate the public on the ISS.

As mentioned on page 11, NASA and CASIS also parinered during IS8 R&D to bring Destination
Station to Boston. While this Destination Station had a different format (devoid of industry days 1o
pre-determined commercial companies), it involved a strong outreach in the form of promoting
the ISS to the general Boston community. In particular, during the “legislative day.” astronaut
Karen Nyberg, CASIS, and NASA personnel engaged more than 40 local staffers from the Boston
area on the ISS, the roles of NASA and CASIS relative to microgravity research, and recent
successes. The second Destfination Station event in September followed the fraditional format,
and astronaut Mike Hopkins was key in multiple media and outreach opportunities to promote
the ISS National Lab as a unique research environment capable of enhancing life on Earth.
Local media outlet coverage included CBS, ABC, and CBS Radio. These and other events are
detailed in the “Conferences and Events” table on page 33.

In August, CASIS and COBRA PUMA Golf made a joint announcement of a new golf club {the

King COBRA LiD Driver) that was inspired by research conducted on the ISS (including a CASIS-
sponsored payload delivered on SpaceX CRS-4 in 2014). The golf club
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includes space-inspired technology that will mitigate the effects of torque relative to club
impact on a ball. This product line will be the first that will leverage the CASIS trademarked
“Space Is In " seal, which is bestowed upon researchers and companies that develop
consumer goods/products derived from research in a microgravity environment. Additionally,
COBRA PUMA Golf brand ambassador Rickie Fowler will play with the club during the 2016 PGA
Tour season, providing great visibility and storylines highlighting space-based research. Most
major golf outlets covered the event and highlighted the new product [e.g.. Golf, Golf Digest,
Golf Channel).

Additional media coverage of CASIS activities during Q4 included TechCrunch, Bio Business
Magazine, Medical Research.com, and Bioscience Technology. Overall media impact is
discussed in the “STEM Education and Quireach Metrics” table on page 18.

I=5ERT S e 20l 5
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FINANCIALS

BUSINESS STATUS REPORT {UNALDITED)

ACTUAE FUOGET — ACILUALYID BURGE YD e

L1 SENT A0 018 GH a5 G015 VRHANTH 2015 e VARIANCE
Direct Labor $1,252,955 $1.589,944 $336,989 $4,855,652 $6,103,070 | $1.247.418 (a)
Subcontracts $454,222 $822,451 $368,229 $1,650,382 $3,277.196 | $1.626.814 (b)
Pemmanent Equipment
> $5K $34,172 $6,000 {$28,172) $152.438 $130,000 ($22.638)
Expendable Supplies
and Equipment $76,355 $71,085 1$5,270) $212,017 $277,400 $45,383
Travel $236,114 $244,906 $8,792 $842,066 $986,706 $144,640 (¢}
Grants Awarded $2,026,350 $2,323,974 $294,924 $5,648,088 $9.300.098 | $3.682,010(d)
Other Direct Costs $397.189 $259,713 {$137.478) $1,716.766 $1.602,333 | ($114,433) (e}

{a) Budgeted headcount was 42 and actual was 37. (Currently, CASIS has nine positions open to be filled.)
{b) Subcontracts is lower in a few key areas:
=  Project Good Earth budgeted for several consultants; postponed as the project was redefined.
= CASIS decreased the payment to external reviewers and decreased reliance on outside vendors
to recruit reviewers on behalf of CASIS, which has lowered extemal review spending.
Furthermore, CASIS reduced the number of formal request for proposals (RFP) and focused on
unsolicited proposals generated from business development outreach efforts {reviewed ad hoc).

= Budgeted fundraising consultants were postponed as the strategy shifted to leveraged
partnerships, reducing need for these consultants.

{c) Lower travel expense resulted from lower than budgeted headcount.

{d) Projected grant payments have been deferred because of delays in milestone payment resulting from
launch slips, change in strategy of solicited RFPs, and NASA's assumption of certain mission, integration,
and operational costs previously funded by CASIS.

{e} Higher other direct costs resulted from unbudgeted sponsorship of the SpaceCom conference and
increased marketing costs for the 1SS R&D Conference.

BREAKDUT OF COOPERATIVE AGREEMENT FUNDING

= i o Fib=—zc== LR = =—AR )
Direct 49% 46% 46% 39%
Indirect 21% 19% 18% 17%
Grants 30% 5% 36% 44%
BREAKOUT OF CASIS GRANTS
QY Fris G2FYIE

Private/Commercial $564,063 $764,972 $750.944 $861,000
Academic $297,400 $439,100 $546,936 $1,089,549
Mission Based Costs $83,787 $131,242 T $48,294 $54,802
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metrics on an annual basis and document them in the Annual Report. These metrics include:
* Leverage of CASIS Seed Funding — CASIS will measure the ratic of external contribution
to project cost for all proposals versus CASIS seed funding.
¢ Operational Efficiency — CASIS will frack the efficiency of reviews and operations by
measuring the elapsed time from inquiry to award to flight.

Science Portiolio and Operations Metrics by Quarier

'CASIS RFPs and RFls Issued {exciuding education) .- 2 0 1 1

Responses received from RFPs and RFIs {including $tep-1 and Step-2 proposals) 17 1 0 33
Project proposals awarded from CASIS grant calls {solicited, excluding education) 6 1 0 4
Project proposals received (unsolicited, excluding education} 6 1" 21 30
Project proposals awarded (unsolicited, excluding education}) 10 3 6 8
R_eturn customers: F.'roposqls received from CASIS customers pursuing o re-flight or a 1 1 2 0
flight for a new project

New customers; Projects awarded to principal investigotors that have never flown 11 1 1 b
Fight projects manifested 33 12 14 37
Fight projects delivered to the ISS Nafional Lab 0 8 29

Results published {e.g., in scientfific journals) 0 2 0

Products or services created 0

_Confrio

CIIANON

Amin, R., & Shulman, . {2015).
Houry turbidity monitoring using
Geostationary Ocean Color
Imager fluorescence bands.
Joumal of Applied Remote
Sensing J. Appl. Remote
Sens,096024-096024.

uticns to Scientific Knowledge — Resulis Publishied {e.g.,

. A pargt;};sulting from a project cwcrd in response to a CASIS solicitation

in Scientific Journals}

LIES L

promoting the use of imagery from the I83-based sensor Hyperspectral Imager of the
Coastal Ocean (HICO): Pl Dr, Ruhul Amin’s project sought to detect algal blooms
from space. Since HICO became dysfunctional during the study period, authors used
other space-borme sensors such s the Geostationory Ocean Color Imager to
continue their research. In this study. the author successfully distinguished algal
bloomed regicons from other bloomike features such as sediment plurnes, monitoring
their movement. This study also linked the dynamics of these organic and inorganic
meters with tidal forces using modeled and in situ data.

Fuentes, 1.1, Appleby N., Raya,
M., Bailey, L., Hasaniya, N.,
Stodieck L., & Kearns-Jonker, M.
{2015). Simulated Microgravity
Exerts an Age-Dependent
Effect on the Differentiation of
Cardiovascular Progenitors
Isolated from the Human Heart,
PLoS ONE, 10{7).

A paper resulting from a project awarded in response to a CASIS solicitation
promoting stem cell research: Pl Dr. Mary Keams-Jonker described the differential
impact of simulated microgravity on isl-1+ cardiovascular progenitor cells isclated
from human neonates and adults. The study showed that stem cell responses fo
microgravity may be influenced by age. The authors demonstrated that simulated
microgravity can be used to manipulate the process whereby neonatal
cardiovascular progenitor cells activate a conserved regenerative microRNA
program. Future studies on the 1SS will determine whether a similar effect occurs in the
space environment,
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Hughes-Fulford, M., Chang, T.,
Martinez, E., & Li, C. (2015).
Spaceflight alters expression of
microRNA during T-cell
activation. The FASEB

Journal, 15(277392).

A paper resulting from an IS5 National Lab *transition payload,” originally part of the
NASA NIH-BiomMed program and later subsidized by CASIS: Pl Dr. Millie Hughes-Fuiford
described that key immune genes targeted by the microRNA miR-21 were
differentially regulated in spaceflight, specifically showing that gravity itself is
responsible for part of the dysregulation of the immune system during spaceflight, The
team also discovered a new way that miR-21 regulates the human immune system,
This previously unknown mechanism controlling the immune response was termed
“self-limiting induction” and is expected to play a role in both wound healing and
diseases such as cancer.

Owens, G., New, D., West, A, &
Bjorkman, P. (n.d.). {2015) Anti-
PolyQ Antibodies Recognize a
Short PolyQ Stretch in Both
Normal and Mutant Huntingtin
Exon 1. Journal of Molecular
Biology, 427(15): 2507-2519.

A paper resulting from a project awarded in response to a CASIS solicitation
promoting protein crystal growth on 18S; Pl Dr. Pamela Bjorkman described ground-
based results from experiments performed In preparation for a fiight experiment. In
the paper, the team examined the structure of a polyglutamirie (polyQ) repeat in the
huntingtin protein, the expansion of which is the cause of Hunlington's disease. A
structural basis for the apparent transition between normal and disease-causing
expanded polyQ repeats of huntingtin is unknown, and this paper uses protein
binding studies to demonstrote that the expanded repeat is likely not a specific
pathologic conformation and thus not a target for structure-based drug design,

Tseng, H.. Gage, J.A., Shen, T.,
Haisler, W.L., Neeley, S.K., Shiao,
S.. Chen, 1, Lico, A., Hebel, C.,
Raphoel, R.M., Becker, J.L., &
Souza, G.R. {2015). A spheroid
toxicity assay using magnetic 3-
D bioprinting and real-time
mobile device-based

imaging. Sci. Rep. Scientific
Reports, 5:13987.

One of two papers resulting from a project award to a commercial company: Pl Dr,
Glauco Souza described a novel assay for using spheroids created with magnefic 3-D
bioprinting. This study addresses cumrent challenges in the field with the assay, wherein
spheroids formed by magnetic 3-D bioprinting contract immediately os cells
reamrange ond compact the spheroid in relation to viability and cytoskelstal
organization. Furthermore, this assay can detfect the toxic effects of drugs with both
accuracy and high-throughput to meet the needs of researchers in drug discovery
and development for fast and robust models by simply using real-time imaging with a
mobile device.

Tseng. H.. Gage. J.A., Desai,
P.K., Haisler, W.L., Shah, J.V., Li,
W., & Souza, G.R. (2015).
Luminescent Viability Assays in
Magnetically Bioprinted 3-D
Cultures. Promega Corporate.

The second of two papers resulting from a project award to @ commercial company:
Pl Dr. Glauco Souza discusses his company's magnetic 3-D bioprinting method for
rapidly and reproducibly printing cancer and liver cells info three-dimensional
spheroids in high-throughput format. The paper, published on the PubHub page of
the life sciences company Promega, shows how these spheroids can be successfully
used with cell viability products.

CRMETEIE

STEM Education and Outrecch Metrics by Quarter
_ 00 oaeast o mEeas

STEM projects executed 5 i2 9 10
Total reach of STEM projects 7,265 7412 25,320 80,695
CASIS outreach events
Trade shows [ 2 7 3
Print acdvertisements 0 0 0 2
Total media impact
You Tube posts 2 2 12 13
-Views [cumulative] 10,744 255,875 260,768 435,215
Twitter posts 166 235 2468 259
-Followers {curnulative) 59,058 69,596 74,201 78,362
Facebook posts 123 175 142 87
-Likes {cumulative) 4,129 4,622 4,879 4,958
Websife visitors 49,254 49,715 66,705 85,456
News relegses 10 5 3 4
Media evenis 9 3 7 7
News mentions {clips, blogs) - 1,379 733 953 669
Twitter mentions 620 957 1,134 698
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Historical 1SS National Lab Usage
During increment planning, NASA sets aside 1SS utilization resources, including upmass,
downmass, and crew fime, for all partners. The 1SS National Lab is granted half of NASA's share of
the available USOS resources. Upmass and downmass vary based on the number and
capabilities of cargo vehicles. Crew time is based on an average of 35 hours per week available
for 1SS utilization. Other resources such as power and cold stowage are shared and thus not
considered in this metric.

PSS K] DO AT K= SRl (10

siloceanmn | arnas! daase  atoCanOs | | adniay. i ATHIAY | vesRdE | nEanE
Inc 37/38 287 3347 | 117% & 7.9 132% 427 78.42 - 18%
Inc 3%/40 766 38%.1 51% 307 197.8 64% 386 70.75 - 18%
Inc 41/42 539 716 | 133% 498 705.5 | 142% 346 130.29 - 38%
Inc 43/44 906 600.7 73% 534 114 22% 229 i99.56 | 1533 | 87%
inc 45/46 | 088 12586 | 127% | 840 11312 | 18% 207 | 33086 | 1255 | 113%
Inc 47 /48 978 6006 1 02% . 326 107 65 | 33% 356 33292 | 5955 | 94%

(Data through 9/30/15)
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