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 STaARS-1 Research Facility 
Dr. Heath Mills, Space Technology and Advanced  
Research Systems Inc. (STaARS) • Houston, TX

STaARS-1 EF hardware render. STaARS

DESCRIPTION: This project will 
support Space Technology and 
Advanced Research Systems, 
Inc. (STaARS) in the final 
stages of constructing the 
STaARS-1 Research Facility, a 
next-generation ISS research 
platform with the capacity to 
support physical science, 
advanced biotechnology, and 
life sciences research.

EARTH BENEFITS: The 
STaARS-1 Research 
Facility is a multipurpose 
facility that will enable 

a broad range of experiments on the ISS. In the pharmaceutical 
market, STaARS-1 will facilitate novel drug discovery, drug compound 
production, and virulence modeling. STaARS-1 will support biomedical 
therapeutic markets through drug delivery system development, 
regenerative tissue engineering (stem cell technologies), and biofilm 
formation prevention. Within the energy markets, STaARS-1 will 
support studies targeting novel biofuel production through enhanced 
quality and quantity of multiple compounds. 

 Materials International Space Station Experiment (MISSE) Flight Facility 
LD Stevenson, Alpha Space • Houston, TX

DESCRIPTION: This project supports the Materials ISS Experiment (MISSE)-
Flight Facility (FF) platform developed by Alpha Space Test and Research 
Alliance (Alpha Space). MISSE-FF will provide a commercially available 
materials science and component testing platform with an operational life 
through the end of the ISS. As an ISS National Lab payload, the platform 
will provide testing and data collection for both passive and active 
material samples, component testing in the extreme environment of LEO, 
and sample return to Earth for post-mission processing. The MISSE-FF 
program will be more flexible and will provide several additional services 
and data compared with the previous MISSE point-solution experiments. 
This will allow testing of more samples and components than previous 
MISSE experiments. It will also allow testing in four directions—ram, 
wake, zenith, and nadir (limited)—on the ISS.

EARTH BENEFITS: For all previous MISSE experiments, MISSE-1 through 
MISSE-8, NASA estimated a total cost of $77 million with an estimated 
value to the economy of nearly $2 billion over the course of 15 years. 
The MISSE-FF will allow for an accelerated testing environment for 
thousands of materials (such as polymers, coatings, and composites) 
and components (such as switches, sensors, and mirrors) for use in 
military and commercial products of the future. MISSE-FF testing 
will provide a platform for testing materials to further the U.S. space 
program and the mission to Mars by proving their performance in LEO 
before going deeper into space. Products such as solar cells can be 
improved through MISSE-FF testing, which could help advance power 
sources for remote areas on Earth.

 TangoLab-2 
Twyman Clements, Space Tango, Inc. • Lexington, KY

DESCRIPTION: This project supports the installation of a second TangoLab 
facility on the ISS. TangoLab-1 is a general research platform on the 
ISS that enables a broad range of research that utilizes the unique 
environment of LEO. The first TangoLab-1 facility will remain on the ISS 

to double Space Tango's CubeLab capacity to meet customer demand. 
This second platform, TangoLab-2, will include upgrades to the airflow 
and heat rejection systems to enable larger heat load experiments but will 
remain the same as TangoLab-1 in terms of ISS interfaces. Both facilities 
will be fully compatible with one another for operational flexibility.

EARTH BENEFITS: Since the installation of TangoLab-1 on the ISS in 
September 2016, there has been significant customer demand to utilize 
the facility—current demand is more than five times the capacity of the 
TangoLab-1 facility. The addition of TangoLab-2 doubles SpaceTango's 
CubeLab capacity and enables a larger customer base to utilize the 
facility, further supporting the commercialization of LEO. The addition of 
TangoLab-2 will also allow quicker return of payloads to the ground on 
ISS resupply missions.

 Remote Manipulator Small-Satellite System (RM3S) 
Craig Walton, LaMont Aerospace Inc. • Houston, TX

DESCRIPTION: This project will provide support for the final stages in 
the construction and manifest of a small-satellite dispenser. Satellite 
dispensers range in size (3U, 6U, 12U, 27U, and 54U), and clients 
may choose satellites with a mass of 2–4 kg/U. The Remote Manipulator 
Small-Satellite System (RM3S) is based on the Planetary Systems 
Corporation's satellite dispenser system, which has a long flight history 
of reliability and success and will provide government, academic, and 
industry satellite clients and researchers a platform that allows for proper 
reliability controls. The system also has the capacity to deploy a large 
volume of nanosatellites within a single deployment cycle, supporting 
frequent and reliable deployment opportunities with proven and trusted 
hardware.

EARTH BENEFITS: The addition of the LaMont RM3S small-satellite 
dispenser will enable LaMont to provide capability to customers to 
reliably deploy constellations of nano-satellites (1–10 kg) and small-
satellites (200–500 kg). Mounting the system externally to the launch 
vehicle will eliminate the need for additional crew time, airlock cycles, 
long-duration deployment windows, intravehicular activity safety 
compliance, and similar payload subsystem issues. By integrating this 
component into their portfolio, LaMont believes they will provide a more 
reliable, capable, small-satellite deployment option at a lower cost than 
what is presently available.

 ARQ: A Platform for Enhanced ISS Science and Commercialization 
Jason Budinoff, bSpace Corporation • Seattle, WA

DESCRIPTION: The bSpace ARQ is an external commercial platform for 
small satellite deployment and hosting. ARQ is launched to the ISS on 
commercial resupply services (CRS) contract launches and is berthed 
to the exterior of the space station using the Special Purpose Dextrous 
Manipulator robotic arm. ARQ can deploy single satellites or entire 
constellations—up to 200 small satellites per launch—with no crew 
time needed. ARQ can also host several experiment payloads on the 
exterior surface of the platform and within the thermally controlled 
interior. ARQ generates virtual reality video, providing visual assessment 
of satellite launches and hosted payloads. Experiment data is downlinked 
from ARQ the same day it is collected via a dedicated high-speed laser 
communications terminal, allowing users to rapidly access data.

EARTH BENEFITS: ARQ is a cost-effective platform in space for the launch of 
small satellites and satellite constellations. As a platform for technology 
development and commercial innovation, ARQ can be leveraged by a wide 
variety of markets for a multitude of applications, including Earth survey 
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imagery (UV/infrared/optical/radar), Earth and atmospheric spectroscopy, 
global weather mapping (enabling more accurate predictions that provide 
more time for disaster preparedness, reducing loss of life and property 
and saving insurance companies billions of dollars), global infrastructure 
management, global data and communications access (delivering 
internet access to billions of people in data-poor regions), precision 
Earth and astronomical observation, materials science testing, technology 
validation, and exploration of biological phenomena in the space 
environment. The overall space economy, the satellite service sector, 
and Earth observation data collection are all growing, and the sizes of 
small satellites are increasing; however, delays by launch providers and 
satellite operators remain, highlighting the need for frequent dedicated 
small satellite launch vehicles.

 Endothelial Cells In Microgravity for Evaluation of Cancer Therapy Toxicity 
Dr. Shou-Ching Jaminet, Angiex • Cambridge, MA 

DESCRIPTION: This project seeks to evaluate the hypothesis that 
microgravity cultured endothelial cells represent a valid model system 
to test the effects of vascular-targeted cancer drugs on normal blood 
vessels. In order to grow, all solid tumors must generate new blood 
vessels. Angiex has created a novel cancer therapy that targets a protein 
involved in the proliferation of endothelial cells (ECs) lining the walls of 
blood vessels. However, the major challenge shared by all developers of 
vascular-targeted drugs is the lack of an in vitro model of resting normal 
endothelium to test drug toxicity. ECs cultured in microgravity may be 
the breakthrough model, as they appear to share many features of the 
in vivo resting endothelium, including a persistent state of reduced cell 
growth. If the hypothesis is validated, microgravity-cultured ECs would 
constitute an important model system for evaluating the action of any 
vascular-targeted drug. It would also potentially enable Angiex's novel 
drug to be designed for lower toxicity.

EARTH BENEFITS: Cancer is the second leading cause of death in the 
United States, and is expected to surpass heart disease as the leading 
killer by 2030. Already, cancer is the leading killer in 22 U.S. states. 
Approximately 200 million people globally (about 16 million in the U.S.) 
are currently living with cancer, and about 8.2 million people globally 
(589,000 in the U.S.) die from cancer each year. Angiex's therapy targets 
both the tumor vasculature and tumor cells. Because nearly all cancers 
require growth of a distinct vasculature to enable tumor growth, Angiex's 
drug may potentially treat more than 90% of all cancers.

 
Microgravity Crystalization of Glycogen  

        Synthase-Glycogenin Protein Complex
 Dr. David S. Chung, Dover Lifesciences • Dover, MA

DESCRIPTION: Crystallization of proteins for structural determination is 
an important tool for drug discovery. This project will use the ISS to 
crystallize a protein complex that is difficult to crystallize on Earth. 
Glycogen synthase, the critical enzyme for glycogen synthesis in the liver 
and muscle, works in concert with another protein, glycogenin, which 
is necessary for proper orientation and function of glycogen synthase. 
Determination of the structure of this protein complex could aid in the 
development of drugs that inhibit glycogen synthase. Such drugs could 
be used to treat obesity, rare genetic disorders, and cancer. 

EARTH BENEFITS: Crystalization of proteins for structural determination 
is an important tool for drug discovery. Determination of the structure 
of glycogen synthase in complex with glycogenin could aid in the 
development of drugs that inhibit glycogen synthase, which could 
be used to treat obesity, rare genetic disorders, and cancer. There is 
currently a significant unmet need for drugs to treat these conditions.

 Crystallization of LRRK2 under Microgravity Conditions 
Dr. Marco Baptista, Michael J. Fox Foundation • New York, NY

DESCRIPTION: This project aims to utilize the microgravity environment 
onboard the ISS to optimize the crystallization of the human protein 
kinase leucine-rich repeat kinase 2 (LRRK2). LRRK2 is a key signaling 
molecule in neurons and is closely associated with the development 
of Parkinson's disease, which affects approximately 5 million people 
worldwide. Despite a relatively straightforward chemical approach 
for making drugs that inhibit LRRK2, its complex biology and critical 
role in normal cellular function and disease remains largely unclear. 
Characterization of LRRK2's protein structure, identified through 
crystallization, will support efforts to develop the most selective and 
potent LRRK2 inhibitor with potential to treat the disease with minimal 
negative side effects.

EARTH BENEFITS: Approximately 5 million people worldwide are currently 
living with Parkinson's disease, and this number is estimated to double 
by 2040. Numerous patents and publications from academic, small 
biotech, and major pharmaceutical companies claim drug strategies for 
LRRK2. It is estimated that the potential commercial opportunity for 
a blockbuster therapeutic with a disease-modifying label in idiopathic 
Parkinson's disease is more than $2 billion per year.

 
 Influence of Microgravity on T-Cell Dysfunction and Neurogenesis  

Dr. Caitlin, O'Connell-Rodwell, HNu Photonics • Wailuku, HI 

T-cells. NASA

DESCRIPTION: This project 
will help accelerate the 
design, development, and 
validation of the BioChip 
SpaceLab (BCSL), a life 
sciences research facility for 
the ISS National Lab. The 
validation experiment will 
measure how microgravity 
directly affects human 
neuroblastoma (a type of 
cancer that forms in nerve 
tissue) cell differentiation in 
vitro and will utilize live-cell 
imaging techniques in real 

time on the ISS. This calibration will validate the functionality of the 
platform for support of this and other cell lines using similar 
experimental designs and will improve the success rate of future 
research projects that require BCSL and/or other platforms, including 
those supporting tissue-on-chip investigations.

EARTH BENEFITS: The BSCL research facility has the potential to discover 
novel drugs and treatments for prevalent diseases such as heart disease, 
Alzheimer's disease, immune system dysfunction, and cancer. For 
example, utilizing the BSCL research facility to harness microgravity's 
effect on neuron differentiation may provide a novel cell model to 
understand neurogenesis dysfunction in Alzheimer's disease, Parkinson's 
disease, or Huntington's disease and discover potential therapeutics.

 
 Domesticating Algae for Sustainable Production of Feedstocks in Space 

Dr. Mark Settles, University of Florida • Gainesville, FL

DESCRIPTION: This investigation seeks to engineer microalgae for growth 
in microgravity to understand the genetic basis of rapid biomass increase 
and high-value compound production. A long-term goal is to domesticate 
and engineer algae for optimal production of biomass feedstocks in 
space while consuming waste carbon dioxide. Although there is great 
promise in developing algae into a feedstock for chemical or food 
production, relatively few algae growth studies have been conducted 
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in space. Algae can also produce high-value compounds that can be 
used to develop important refined products (such as health-related, 
pharmaceutical, and nutraceutical products). Abiotic stress from 
the growth environment can increase production of these high-value 
compounds in algae. Microgravity, which could be perceived as an 
abiotic stress, may induce the production of such compounds.

EARTH BENEFITS: For the successful commercialization of LEO, sustainable 
systems are needed to support human activities in space. One such need 
is the ability to use carbon dioxide waste from respiration to produce 
useful organic compounds. Toward this end, algae could be used to 
convert water, light, and carbon dioxide into biomass. Microgravity 
may also trigger the production of high-value compounds that could 
be used to produce important pharmaceutical and other health-related 
products. This investigation aims to be a first step toward developing 
algae that can help sustain both a LEO orbit space economy and future 
long-duration spaceflight missions. Additionally, advances in genome 
sequencing, genetics, and gene editing technologies allow humans to 
domesticate algae for maximal productivity of high-value compounds, 
and insights from this research could be exploited to improve the 
domestication of algae on the ground. 

 
Spaceflight Effects on Vascular Endothelial  

        and Smooth Muscle Cell Processes 
 Dr. Josephine Allen, University of Florida • Gainesville, FL

Tissue culture bottles. NASA

DESCRIPTION: The goal of this 
investigation is to elucidate 
the molecular mechanisms 
behind vascular cell 
damage, such as those 
associated with 
cardiovascular disease on 
Earth, by exposing vascular 
cells to the microgravity 
environment onboard the 
ISS. Changes in the 
transcriptomics of vascular 
cells in space will be 
assessed, and flight samples 
will be compared with 

ground-based controls. The insights gained from this study will 
contribute to an improved understanding of the molecular mechanisms 
behind cardiovascular disease and have the potential to open new lines 
of research and/or treatment options. 

EARTH BENEFITS: Cardiovascular disease (CVD) is the leading cause of 
death in the United States, with an estimated 86 million Americans 
currently affected by one or more type of CVD. This produces an 
immense economic burden on the U.S., with annual costs in 2011 
to 2012 of $317 billion. Data has shown a link between spaceflight 
and the incidence of CVD. Understanding of the vascular cell's stress 
response to microgravity can provide insight into CVD and potentially 
shed light on new areas of research into diagnostics and therapeutics for 
heart disease.

 Microgravity Crystal Growth for Improvement in Neutron Diffraction  
Dr. Timothy Mueser, University of Toledo • Toledo, OH

DESCRIPTION: This investigation seeks to utilize the microgravity 
environment onboard the ISS National Lab to produce larger and 
higher quality crystals of three medically relevant proteins for neutron 
diffraction, with an aim to improve the structure determination of 
the proteins. The three proteins being crystallized are Salmonella 
typhimurium tryptophan synthase (TS), cytosolic aspartate 
aminotransferase (AST), and a protein complex of a bacteriophage 
RNase H and single stranded DNA binding protein. Improved structure 

determination of these proteins could help control Salmonella 
contamination in the food industry, aid in the development of 
compounds to help monitor treatment progress in patients with heart 
or liver disease, and provide insight into how DNA repair could be 
optimized to prevent diseases caused by damage to DNA.

EARTH BENEFITS: Salmonella is a food-borne pathogen that primarily 
affects infants and young children. An estimated 94 million cases of 
Salmonellosis are reported globally each year (with 0.2% mortality). The 
AST enzyme in humans is a biomarker for heart attack or liver disease. 
Thus, improved structure determination of the AST enzyme could provide 
insight into the development of compounds that can help monitor the 
clinical progress of patients receiving treatment for heart or liver disease. 
The RNase H protein complex mediates DNA repair. Determining the 
structure of the RNase H protein complex may provide insights into 
how the natural process of DNA repair can be optimized to help prevent 
diseases such as cancers that are, in part, due to DNA damage.

 The Effects of Microgravity on Synovial Fluid Volume and Composition 
Dr. Richard Meehan, National Jewish Health • Denver, CO

DESCRIPTION: This project will demonstrate the use of a novel patented 
pneumatic compressive device, the KneeTapTM, which simplifies and 
improves the quantitative collection of synovial fluid for analysis. The 
crew samples will be used to conduct a comparative study between ISS 
crew members, healthy subjects, and patients with a spinal cord injury 
in order to develop circulating biomarkers of cartilage health. 
EARTH BENEFITS: More than two-thirds of Americans experience some 
form of degenerative joint disease. Approximately 700,000 knee 
replacements are performed yearly at a cost of $39 billion, and the 
market size is projected to increase to 3.4 million knee replacements 
annually by 2030. If successful, the device and subsequently identified 
biomarkers may improve the standard of medical care for patients with 
degenerative joint disease.

 Effects of Microgravity on Human Physiology: Blood-Brain Barrier Chip 
Dr. Christopher Hinojosa, Emulate, Inc. • Cambridge, MA

DESCRIPTION: This project 
seeks to understand how the 
unique environment of the 
ISS affects blood-brain 
barrier (BBB) physiology. 
Researchers will validate and 
develop Emulate's 
proprietary organs-on-chips 
technology platform for 
experimentation with human 
cells. The BBB is a semi-
permeable barrier that allows 
selective passage of certain 
molecules and gases while 
preventing the passage of 

others. It is a critical component involved in maintaining homeostasis, 
and disruption of the barrier can lead to or cause neurological 
dysfunction or disease.

EARTH BENEFITS: This technology will become available to the broader 
scientific community for studies on human physiology and disease in 
space. The BBB tissue chip is a prototype for an organ system critical 
to homeostasis and involved in the pathogenesis of multiple health 
conditions including neurodegeneration, traumatic injury, and cancer.

Magnetic resonance imaging of the brain.  
Dreamstime
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 Cartilage-Bone-Synovium Microphysiological System 

Dr. Alan Grodzinsky, Massachusetts Institute of Technology • Cambridge, MA
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Bone health. CASIS

DESCRIPTION: This project will 
study the effects of 
spaceflight on 
musculoskeletal disease 
biology—specifically, 
post-traumatic osteoarthritis 
and bone loss—using a 
tissue-on-a-chip cartilage-
bone-synovium joint model. 
Researchers will co-culture 
primary human explants of 
intact (native) cartilage, 
bone, and synovial joint 
capsule tissue (obtained 
from a long-standing 

collaborating human donor bank). The effects of pharmacological agents 
to ameliorate bone and cartilage degeneration will be tested on Earth 
and onboard the ISS, using a quantitative and high-content experimental 
and computational approach.

EARTH BENEFITS: Post-traumatic osteoarthritis causes about 12% of 
osteoarthritis of the hip, knee, and ankle, and is a common condition 
in otherwise healthy (young to middle-aged) individuals, affecting 
about 5.6 million people in the United States. This project represents 
a relevant human tissue-on-chip platform with the potential to provide 
several pharmacological treatment options for osteoarthritis patients.

 
 Lung Host Defense in Microgravity 

Dr. George Worthen, The Children's Hospital of Philadelphia • Philadelphia, PA

DESCRIPTION: This project will test engineered microphysiological systems 
(tissue-on-chip or organs-on-chips) that model the airway and bone 
marrow and then combine the models to emulate and understand 
the integrated immune responses of the human respiratory system 
in microgravity. Through the use of this system in microgravity, it is 
anticipated that a greater understanding of immune dysfunction will 
be uncovered. Infections are commonly reported onboard spacecraft, 
where the environment causes human immune dysfunction, though the 
mechanisms are not well understood.

EARTH BENEFITS: Understanding the mechanism between infections 
and the health of our immune system is critical for the development 
of appropriate countermeasures. Further understanding is needed 
regarding the link between the health of our immune systems and our 
susceptibility to infections. Ultimately this work could lead to novel 
therapeutics for Earth-based patients with compromised immune 
systems as well as preventive measures for space-based personnel. 

 Microgravity Model for Immunological Senescence on Tissue Stem Cells 
Dr. Sonja Schrepfer, University of California, San Francisco • San Francisco, CA

DESCRIPTION: This tissue chip project aims to investigate the 
relationship between an individual's immune aging and healing 
outcomes, and to investigate the biology of aging from two 
perspectives—one during observations of immune function in 
microgravity and one during recovery of the cells after return to a 1g 
environment. Aging is associated with dysregulation of the immune 
response (termed immunosenescence), a condition that may also be 
accelerated by prolonged exposure to microgravity.

EARTH BENEFITS: The older adult population accounts for more than 90% 
of influenza-related deaths, in part a result of increasing dysregulation of 
the immune system with age. By utilizing the ISS, the investigators hope 
to understand more fully the dysregulation of the immune system, with 
the goal of developing additional treatment options for the elderly and 
immuno-compromised patient populations.

 
 Structure of Proximal and Distal Tubule Microphysiological Systems 

Dr. Jonathan Himmelfarb, University of Washington • Seattle, WA

DESCRIPTION: This project aims to develop physiologically relevant 
proximal and distal tubule tissue-on-a-chip systems and deploy them to 
the ISS National Lab. Through these systems, investigators will study 
vitamin D bioactivation and homeostasis as well as disease models that 
promote proteinuria and the formation of kidney stones.

EARTH BENEFITS: Kidney dysfunction can precipitate serious medical 
conditions including proteinuria, osteoporosis, and the formation of kidney 
stones. These conditions occur more frequently, and progress faster, in 
astronauts onboard the ISS. This tissue chip project uses a kidney model 
to understand how microgravity and other factors affect kidney function, 
toward the development of improved treatment options for patients.

 
 Barley Germination and Malting in Microgravity 

Gary Hanning, Budweiser • New York, NY

DESCRIPTION: This project will explore the effects of spaceflight on the 
germination of strains of an important food crop, barley (Hordeum 
vulgare), including proprietary strains under development. Observing 
changes in gene expression and germination after exposure to 
microgravity contributes to knowledge about how different cultivars 
(individuals of the same plant species that possess genetic differences) 
may be better prepared to handle Earth-based stress, such as 
temperature extremes or water scarcity. 

EARTH BENEFITS: Barley is the fourth largest cereal crop. Understanding 
how barley responds to stress and which varieties might be better 
suited to certain climates will improve crop production on Earth, toward 
commercial use and as a food source for humans and animals.

 
 Monoclonal Antibody Production and Stability in Microgravity 

Dr. Albert Ethan Schmelzer, AstraZeneca-MedImmune • Gaithersburg, MD

DESCRIPTION: This project aims to study the effect of microgravity on the 
production of monoclonal antibodies (mAb), a type of therapeutic drug 
used to treat cancer and autoimmune diseases. Chinese hamster ovary 
(CHO) cells are the most commonly used host cells for mAb production. 
Understanding the effect of microgravity on CHO cell gene expression and 
mAb secretion may have important applications for mAb manufacturing. 
Microgravity-induced changes in the genetic and secretory pathways 
of CHO cells could be harnessed to increase antibody production from 
CHO cells. This project will also study the effects of spaceflight on mAb 
therapeutic stability to better understand routes of antibody degradation, 
toward the development of more stable mAb formulations.

EARTH BENEFITS: Therapeutic antibodies are the fastest growing type of 
drug treatment, with more than 300 therapeutic antibodies currently 
entering clinical practice. At the current approval rate of about four 
new mAb products per year, approximately 70 mAb products will be 
on the market by 2020, and combined worldwide sales will be nearly 
$125 billion. A significant percentage of the high consumer cost of 
biopharmaceuticals is due to the complex and costly manufacturing 
required. Results from this project could increase understanding 
of mAb production and stability in microgravity, which could affect 
biopharmaceutical development and mAb manufacturing.

 
 Preparation of PLGA Nanoparticles Based on Precipitation Technique 

Dr. Puneet Tyagi, AstraZeneca-MedImmune • Gaithersburg, MD

DESCRIPTION: Drug delivery systems that provide targeted and controlled-
release have many advantages over conventional multi-dose therapy. 
This project seeks to advance a novel drug delivery system that uses 
nanoparticles as carriers for drugs. Small solid particles or liquid droplets 
containing a therapeutic substance can be enclosed within a shell, 
providing controlled drug release and targeted drug delivery. Particle 
size and size distribution are key to improving these particle-based 
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drug delivery systems and can be manipulated in microgravity. This 
project will evaluate a proprietary method of nanoparticle formation in 
microgravity to better understand nanoparticle fabrication, particle size, 
and particle size distribution, toward improved drug formulations with 
greater uptake and efficacy and tolerability by patients.

EARTH BENEFITS: Therapeutic cancer vaccines (a type of immunotherapy) 
treat cancer by strengthening the body’s immune response. The ability to 
further refine the manufacturing process to produce vaccine therapies with 
improved delivery profiles and efficacy would significantly benefit patients in 
terms of quality of life and the potential for extended survival. Furthermore, 
optimized processes for nanoparticle formation may reduce manufacturing 
costs and provide opportunities for expanded access to these therapeutics, 
given the reduced costs to patients and healthcare systems. The global 
immunotherapy drug market is expected to exceed $197 billion by 2020, 
with the global vaccine market accounting for $60 billion.

 
 Influence of Gravity on Human Immune Function in Adults and the Elderly 

Donald Drake, Sanofi Pasteur • Orlando, FL 

DESCRIPTION: This project seeks to gain a broad understanding of how 
gravity affects overall human immune function and potentially uncover 
novel pathways of immune function that can be exploited to develop 
better vaccines and immunobiologics for human use. The project will 
build on earlier studies that evaluated lymphocyte (a type of white blood 
cell) function in microgravity. The project will also evaluate whether 
gravity-regulated immune pathways are affected by age by examining 
cells from young adult and elderly donors in parallel.

EARTH BENEFITS: According to the World Health Organization (WHO), the 
global market for vaccines more than quadrupled in value from $5 billion 
in 2000 to almost $24 billion in 2013, with the global market projected 
to rise by $100 billion by 2025. WHO estimates that immunization 
saves 2 to 3 million lives worldwide every year. New insights into 
vaccine development provide opportunities to eradicate more diseases 
over time, with significant savings to the healthcare system and 
improvement in quality of life. In 2013, the economic impact in the 
U.S. attributable to adult vaccine-preventable diseases for adults ages 
50 and older was $26.5 billion ($15.3 billion for those 65 and older). 
A significant factor contributing to the slow evolution of vaccinations 
in older adult populations is a lack of understanding of the benefit of 
vaccines related to aging. A better understanding of the mechanisms 
involved in vaccines and aging could result in broader vaccination of 
older adult populations, ultimately resulting in significant savings to the 
healthcare system and improved quality of life for older adults.

 
 Generation of Cardiomyocytes from Induced Pluripotent Stem Cells 

Dr. Chunhui Xu, Emory University • Atlanta, GA

Cardiomyocytes. Xu Lab

DESCRIPTION: This project will 
study the generation of 
cardiomyocytes, specialized 
heart muscle cells, for use in 
research and clinical 
applications. Specifically, the 
team is studying the 
differentiation of these heart 
cells from induced pluripotent 
stem cells (iPSCs), adult cells 
that have been altered to 
reinstate characteristics of 
natural stem cells. Simulated 
microgravity studies have 
allowed the team to increase 

the yield, purity, and survival of cardiomyocytes derived from iPSCs, and 
true spaceflight conditions are expected to further enhance these effects. 
Understanding how microgravity improves cardiomyocyte differentiation will 
enable the team to create clinically relevant heart tissue for use in 
regenerative medicine, disease modeling, and drug discovery. 

EARTH BENEFITS: Cardiovascular disease is the number-one cause of 
death worldwide, and cardiomyocytes derived from human iPSCs 
represent a promising cell source for cardiovascular disease modeling, 
regenerative medicine, and drug discovery. Ground studies using 
simulated microgravity demonstrated improved cardiomyocyte growth 
and differentiation, and spaceflight experiments promise to enable rapid 
advancement toward clinical applications for cardiovascular disease, a 
global market that is expected to grow from $13.7 billion in 2012 to 
$18.2 billion by 2019. 

 
Enhancement of Performance and Longevity  

        of a Protein-Based Retinal Implant
 Dr. Nicole L. Wagner, LambdaVision • Farmington, CT

DESCRIPTION: The goal of this project is to improve the quality and 
efficiency of the manufacturing process for a protein-based retinal 
prosthetic that aims to restore vision to the millions of people who are 
blinded by retinal degenerative diseases, particularly retinitis pigmentosa 
and age-related macular degeneration. The retinal implant consists 
of multiple layers of the light-activated protein, bacteriorhodopsin, 
and is generated utilizing an automated layer-by-layer approach using 
a polymer binder and an ion-permeable scaffold. Gravity interferes 
with the homogeneity and uniformity of the layers, and LambdaVision 
hypothesizes that preparing the multi-layer protein/polymer films 
in microgravity will be faster and will yield improvements in the 
homogeneity of the films, the degree of orientation of the protein, and 
the stability of the resulting multilayer system.

EARTH BENEFITS: The flexible, protein-based, ion-mediated retinal implant 
under development will restore vision to the millions of patients suffering 
from retinal degenerative diseases, particularly retinitis pigmentosa (RP) 
and age-related macular degeneration (AMD). These diseases damage 
the photoreceptor cells of the eye, causing a loss of independence 
for the individual and eventually leading to blindness. In addition to 
the physical and emotional burden of vision loss, the cost of vision 
problems in the U.S. is estimated to be $139 billion. To date, no cure 
exists for patients with RP or AMD, and there are only a limited number 
of treatments available. Thus, there is a significant unmet need for a 
therapy or prosthetic capable of restoring functional vision to these 
patients. The success of this project will allow a better understanding of 
gravity's effects on the manufacturing process of retinal implants, help 
accelerate time to market, and enable key decisions to deliver consistent 
manufacturing of high-quality films for commercialization of the retinal 
prosthetics.the photoreceptor cells of the eye, and lead to a loss of 
independence for theindividual and, eventually, blindness. 

 An ISS Experiment on Electrodeposition 
Dr. Kirk Ziegler, University of Florida • Gainesville, FL

DESCRIPTION: This project seeks to test electrochemical deposition 
onboard the ISS to determine if the absence of gravity reduces interfacial 
instability patterns produced during electrodeposition. Electrodeposition 
is a process by which an electric current is used to form thin metal 
features on conductive surfaces like electrodes. During this process, 
patterns of imperfections form that cause interfacial instability, which 
can either optimize or deteriorate an electrical current's flow through the 
electrode. This investigation seeks to utilize the microgravity environment 
on the ISS (which eliminates gravity-driven confounding factors such as 
convection) to control the electrodeposition processes so that controlled 
growth of ordered, high-aspect-ratio structures with fewer imperfections 
can be achieved.

EARTH BENEFITS: Results from this investigation can be applied to improve 
the manufacture of many systems on the ground, such as microfluidic 
reactors, microscale heat exchangers, sensors, and catalytic converters 
for use in both industrial (cell phones, computers, etc.) and medical 
(implantable devices) applications. The results from this investigation will 
provide the preliminary data needed to secure long-term and substantial 
external funding from NASA, the Department of Energy, and industry. 
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 Pushing the Limits of Silica Fillers for Tire Applications 
Derek Shuttleworth, Goodyear Tire & Rubber Co. • Akron , OH 

DESCRIPTION: This project will evaluate the creation of novel silica 
morphologies in microgravity, not available on Earth, using silica fillers 
formed through traditional synthesis techniques. This data will inform future 
efforts to improve the silica deposition process to improve tire performance 
by the development of new manufacturing technologies on the ground.

EARTH BENEFITS: Recent experiments in microgravity have demonstrated 
the ability to generate novel mixtures of solids and liquids that could 
potentially show promise in delivering better performance in the tire 
industry by improving silica morphologies in tires. A breakthrough in the 
research of the effect of silica morphology on rubber compound properties 
will lead to significant improvements in fuel efficiency and transportation 
cost savings, and perhaps more importantly, better the environment.

 
 Biofilm Thickness/Viability and Elevated Microbial Corrosion Risk 

Vic Keasler, Nalco Champion • St. Paul, MN

DESCRIPTION: This project will establish biofilms on Earth and in space 
on the ISS to observe and quantify the rate of microbial corrosion as a 
function of cell density and activity. Based on previous work reporting 
enhanced biofilm formation in microgravity, these results will provide 
insight into the degree to which the actual biofilm size or viability 
impacts the corrosion rate.

EARTH BENEFITS: It is well established that localized corrosion caused 
by microorganisms (referred to as microbiologically influenced 
corrosion, or MIC) is responsible for 20–50% of all damage caused by 
corrosion (according to the National Association of Corrosion Engineers 
International, 2016), and translates to $485 billion–$1.5 trillion in annual 
costs globally. One of the challenges in preventing MIC has been to define 
the conditions when a biofilm is likely to cause localized corrosion versus 
when it is not. These data will inform new methods on how to effectively 
mitigate against MIC on Earth and on the ISS. 

 
Design of Scalable Gas Separation Membranes  

        via Synthesis under Microgravity
 Ms. Negar Rajabi, Cemsica • Houston, TX 

DESCRIPTION: Membrane separation is among the most energy-efficient 
and cost-effective technologies for removing carbon dioxide from waste 
gases to reduce greenhouse gas emissions. Cemsica has developed a 
novel approach to synthesize de novo nanoporous membranes using 
particles of calcium-silicate (C-S) to separate carbon dioxide gas 
molecules from air or other gases. By leveraging microgravity onboard 
the ISS to synthesize nanoporous C-S materials, this project aims to 
resolve existing challenges in membrane manufacturing to develop lower 
cost membranes with improved flux and high-temperature stability. 

EARTH BENEFITS: By applying lessons learned from the synthesis and 
performance of C-S nanoporous membranes in microgravity, Cemsica 
aims to improve manufacturing on Earth to make flawless, high-
performance membranes for use under extreme conditions on Earth. 
This project may lead to improvements in the design and manufacture 
of cost-effective, eco-friendly membranes that significantly benefit fossil 
fuel power plants and gas separation technologies, resulting in reduced 
greenhouse gas emissions by separating and capturing carbon dioxide.

 
 Thermally Activated Directional Mobility of Vapor Bubbles 

Sushil Bhavnani, Auburn University • Auburn, AL

DESCRIPTION: This project will use small textured surfaces to passively 
move vapor bubbles (gas) in microgravity to test the hypothesis that 
some surfaces passively enable and enhance the mobility of vapor 
and thereby increase the removal of heat from surfaces. The textured 
surfaces here take the form of repeating millimeter-scale asymmetric 
ratchets with 30°–60° faces.

EARTH BENEFITS: As electronics become smaller and more densely packed, 
removing heat becomes more difficult. This project aims to advance 
fundamental knowledge of boiling (bringing a liquid to the temperature 
at which it bubbles and turns to vapor) under the influence of surface-
tension-dominated and gravity-dominated regimes. The long-term goal 
is to develop simple, passive, self-regulating, micro-structured surface 
technologies for heat sinks used in consumer electronics and electronics 
for military and commercial aircraft.

 
 Study of the Interactions between Flame and Surrounding Walls 

Ya-Ting Liao, Case Western Reserve University • Cleveland, OH

Microgravity flame. NASA

DESCRIPTION: This project aims 
to study flame spread in 
confined spaces—specifically 
the interactions between 
spreading flames and 
surrounding walls. Flame 
spread in confined spaces 
(such as buildings and 
vehicles) may pose a more 
serious fire hazard than 
flame spread in open spaces 
because of acceleration 
caused by radiative heat 
feedback from the 
surrounding walls and a 

tunnel flow acceleration effect. However, several aspects of flame spread 
are difficult to study in normal gravity conditions. Gravity-driven 
buoyancy flow complicates the fire growth process and prohibits a 
fundamental understanding of the underlying physics. However, in 
microgravity, buoyancy is eliminated, allowing scientists to better study 
the physics of flame spread.

EARTH BENEFITS: A better fundamental understanding of flame spread in 
confined spaces could lead to better infrastructure design and improved 
fire safety codes, which could help prevent injury, save lives, and reduce 
property loss from fire. The results of this project may be applicable to 
multiple markets, from consumer products to construction of structures 
and vehicles, and any application in which fire may damage property or 
affect the safety of human occupants.

 
 Spherical Cool Diffusion Flames Burning Gaseous Fuels 

Peter Sunderland, University of Maryland • College Park, MD

DESCRIPTION: Cool diffusion flames (flames burning at temperatures below 
400°C) were first observed in space during experiments onboard the ISS 
in 2012. Although cool diffusion had been observed in earlier drop tower 
experiments, cool flames had never been observed as steady spherical 
flames because drop tower experiments had uneven burn rates. This 
project seeks to increase a fundamental understanding of the physics 
of cool diffusion flames by observing quasi-steady spherical flames on 
porous burners in microgravity.

EARTH BENEFITS: Internal combustion engines burning fossil fuel power 
most of the world's transportation and manufacturing. Most of these 
engines are designed for efficiency using computer models that neglect 
cool flame chemistry because the phenomenon is not well known or 
characterized. An improved understanding of combustion processes 
incorporating cool flame propagation will improve combustion engine 
efficiency and reduce emissions on Earth.
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 The Impact of Nanostructure Geometry  
        on Photo-Thermal Evaporation Processes

 Tengfei Luo , University of Notre Dame • Notre Dame, IN

DESCRIPTION: This project seeks to understand the fundamental 
relationship between geometry (i.e., size, shape, and inter-particle 
spacing) and the process of bubble formation during evaporation in very 
small (i.e., nano) particles with interesting structures. Nanoparticles with 
a high electron density may form plasmonic nanostructures (NSs) that 
promote bubble formation when heated by light (or optical excitations 
due to localized surface plasmon resonance effects). This experiment will 
observe bubble dynamics in the NS-assisted photothermal phase change 
process in the absence of gravity.

EARTH BENEFITS: Plasmonic NS-assisted photo-thermal liquid-to-vapor 
phase transition is fundamental physics research that may one day 
enable many groundbreaking applications. For example, this physical 
process can be used to develop highly selective new cancer therapies 
and new processes for distillation-based desalination and water 
purification utilizing solar irradiation as the photoexcitation source.

 
 Spaceborne Computer 

David Petersen, Hewlett Packard • Milpitas, CA

Spaceborne Computer render. Hewlett Packard

DESCRIPTION: This project will 
entail a year-long experiment 
on the ISS to test the 
operation of commercial 
off-the-shelf (COTS) high 
performance computer 
systems in the harsh 
environment of space. During 
high-radiation events, the 
research team will verify that 
the systems are able to 
continue to operate correctly 
by lowering their power and 
therefore speed.

EARTH BENEFITS: If successful, this technology demonstration could benefit 
spacecraft, satellite, and remote outpost computer systems as well as other 
terrestrial computer systems operating in harsh radiation environments.

 
 ISS Bioprinter Facility 

Dr. Eugene Boland, Techshot, Inc. • Greenville, IN

DESCRIPTION: This project seeks to complete the Preliminary Design 
Review for a space-based, automated tissue and organ printing system. 
The system will be capable of culturing a defined heterogeneous cell 
population to bioprint tissues and organs that can then be implanted 
into patients. Once completed, this system will function as a bioprinter 
capable of personalized medical treatment for either Earth-based patients 
or astronauts on future long-duration spaceflight missions. Utilizing a 
bioprinter to print tissues and organs for transplantation is significantly 
less invasive than using organs from donors.

EARTH BENEFITS: The 3D printing of biomaterials is a large and rapidly 
growing field. Per a 2015 Industry Analytic Research Consulting 
analysis, the 3D printed materials market in healthcare exceeded $280 
million and is estimated to grow over the next six years. This includes 
all aspects of medical materials, including metals, plastics, ceramics, 
biomaterials, cells, tissues and organ substitutes. Advances in tissue 
engineering for 3D bioprinting are gaining importance, and the tissues 
generated by bioprinting will become available for transplantation in 
the near future. However, high costs and technical hurdles will hinder 
the market growth. As a target therapy, development of cardiac repair 
or replacement tissues in LEO may provide a cost competitive solution. 
Techshot has begun investing in this business opportunity, which the 
company believes can improve outcomes for patients.

 
 Ionic Liquid CO2 Scrubber and Liquid Containment in Microgravity 

Phoebe Henson, Honeywell International • Glendale, AZ 

DESCRIPTION: The goal of this project is to show CO2 absorption by ionic liquid 
in a spray scrubber and demonstrate the ability to separate the air-liquid 
mixture in microgravity. This liquid system utilizes spray scrubbing to achieve 
high surface area between the gaseous CO2 and the liquid absorbent.

EARTH BENEFITS: Removal of CO2 is important to many applications, such 
as passenger aircraft, submarines, and the oil industry. Liquid-based 
CO2 removal systems are reusable, energy efficient, and currently used 
in submarines and the petroleum industry. This research could lead to 
wider applications, such as commercial airliners, which could save $1 
billion in fuel per year and reduce carbon emissions.

 SPHERES TETHER - SLOSH 
Hans-Juergen Zachrau, AIRBUS DS Space Systems, Inc. • Webster, TX

DESCRIPTION: This project will use existing SPHERES hardware to 
examine active steering of a passive body which contains liquid in space.

EARTH BENEFITS: The small satellite market is projected to be valued at 
$5.32 billion by 2021. Analysis software that models the dynamics of 
attaching to and moving passive satellites in orbit will enable satellite 
servicing markets for the maintenance or removal of orbital objects in LEO. 
The presence of liquids provides a source of disturbance and unbalance 
that is exacerbated in microgravity due to changes in the liquid's center 
of gravity during movement. Reliable prediction of the behavior of fluid-
containing bodies in space is relevant to space debris removal.

 
 Multipurpose Active Target Particle Telescope on the ISS 

Hans-Juergen Zachrau, AIRBUS DS Space Systems, Inc. • Webster, TX

DESCRIPTION: This project will utilize the unique radiation profile of 
the ISS to test a novel radiation detection technology that offers the 
capability to monitor radiation levels from all directions and in real time.

EARTH BENEFITS: Improved radiation detection technology is of potential 
relevance to the medical industry, where proton beam therapy is used 
to treat cancer, and has direct application to radiation monitoring for 
spacecraft. The proton therapy global market is projected to reach 
between $3.5 billion and $6.6 billion by 2030, with 1,200 to 1,800 
particle therapy treatment rooms open to patients worldwide. Currently, 
radiation detection devices are large and cannot be placed in the 
patient area, which introduces uncertainties that can reduce therapy 
effectiveness. The main advantage of the technology is that it is small 
and portable, and can thus be placed right where the patient would 
normally be.

 
 Audacy Lynq 

Ellaine Talle, Audacy Corporation • Mountain View, CA

DESCRIPTION: This project will conduct two demonstrations of Audacy 
communications services onboard the ISS: a direct user-gateway service, 
followed by a user-relay-gateway service. Both will make use of Audacy 
ground facilities, and the latter demonstration will show the feasibility and 
utility of continuous communications onboard the ISS with data rates up 
to 1 Gbps. If successful, the Audacy network would provide LEO satellite 
missions with a downlink capability currently not available. 

EARTH BENEFITS: Unprecedented demand for satellite data and services 
has led to a 35% annual industry growth, causing traditional ground-
based spacecraft communication solutions to reach their limit. Without 
scalable connectivity, communications for commercial use remains 
severely constrained by polar spatial crowding and spectrum scarcity. 
The Audacy communications network will service the growing needs of 
six customer segments: deep space operations, human spaceflight, LEO 
constellations, launch operators, nongeostationary orbit constellations, 
and SmallSat constellations.
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  Street View Imagery Collect on ISS

Ann Kapusta, ThinkSpace • Mountain View, CA

DESCRIPTION: This project seeks to collect full 360° imagery of the 
internal area of the ISS. The end product will have significant STEM 
(science, technology, engineering, and mathematics) education 
applications as well as an extensive global reach through Google Street 
View and Google Earth. The project will use existing in-orbit resources 
to create this commercial product, requiring no additional hardware 
items to be launched. 

ISS interior. Google / NASA

EARTH BENEFITS: The 
significance of this project is 
the outreach it will achieve. 
The end product will have 
significant STEM education 
applications as well as an 
extensive global reach. 
Google Street View is one of 
the top-10 most used 
Google products, and has 
imaged more than 75 
countries. Google plans to 
introduce the ISS imagery 
as part of the GeoEDU 
teachers outreach effort, 

where Google hosts annual teachers summits around the world to 
educate teachers and policy makers on Google's Geo resources that can 
be incorporated as part of school curriculum. In addition to student 
outreach, ISS panoramic imagery will be available to everyone that can 
access Google Street View and Google Earth.

 
 Crystal Growth STEM 2017 

Ilia Guzei, University of Wisconsin - Madison • Madison, WI

DESCRIPTION: This project provides an opportunity for the winning team 
of students from the 2017 Wisconsin Crystal Growing Competition to 
grow their crystals onboard the ISS National Lab to test their optimized 
conditions for Earth-based crystallization against microgravity-based 
crystallization. Students from the winning team will work with the 
Wisconsin Molecular Structure Laboratory and the CASIS Space Station 
Explorers team to translate their optimum growth conditions into an 
experiment to be conducted on the ISS.

EARTH BENEFITS: In this education project, students learn about 
crystallization techniques and the importance of microgravity for these 
studies. The students will work to adapt Earth-based experimental 
procedures to flight-capable projects, compare data from crystals grown 
on the ISS to ones grown on the ground, and communicate their results 
through various social media outlets.

 Windows on Earth - Earth Videos with a Related Education Program 
David Libby, TERC • Cambridge, MA

DESCRIPTION: This project seeks to create a series of videos showcasing 
Earth from space that will be integrated into multiple online platforms 
and channels to support STEM education programming to help students 
and the public learn about Earth from this unique orbital perspective.

EARTH BENEFITS: In this initiative, a STEM education program will help 
students as well as the public use the images and videos from the ISS 
to learn about Earth from an orbital perspective. Interactive learning 
activities using the videos and images will be developed and deployed, 
and will engage students in a program to review, geo tag, and promote 
large-scale use of this imagery.

 Classrooms in Space 
Ted Tagami, Magnitude.io • Berkeley, CA

DESCRIPTION: This project will run individual experiments onboard the ISS 
while participating classrooms simultaneously run Earth-based versions 
of the same experiment. The classroom-based ground portion is driven 
by the Magnitude.io plant growth chamber hardware.

EARTH BENEFITS: The student experiment program is aligned with the Next 
Generation Science Standards (NGSS), with the goal of integrating the 
ISS as a part of STEM curriculum in K-12 schools throughout the U.S. 
and the world.

 Genes in Space - 4: Stuyvesant 
Elizabeth Reizis, The Boeing Company • Chicago, IL

DESCRIPTION: Elizabeth Reizis (14) from Stuyvesant High School, New 
York, aims to assess the effects of microgravity on the differentiation 
of immune system cells. Elizabeth is a student of Master Teacher 
Jessica Quenzer, who served as her mentor. This is a winning student 
experiment from the Genes in Space innovation challenge. This 
challenge invited participants to propose pioneering DNA amplification 
experiments using the unique environment of the ISS. 

EARTH BENEFITS: Examining microgravity's effects on the immune system 
cells may reveal new mechanisms for how the human body responds 
to stress in space and on Earth, potentially enabling new therapies for 
immune disorders or new immune-boosting approaches.

 Genes in Space - 4: Lakeside 
Sophia Chen, The Boeing Company • Chicago, IL

DESCRIPTION: Sophia Chen (14) from Lakeside School, Washington, aims 
to measure cancer-inducing genomic instability in astronauts. She was 
mentored by her ninth-grade teacher David Joneschild. This is a winning 
student experiment from the Genes in Space innovation challenge. This 
challenge invited participants to propose pioneering DNA amplification 
experiments using the unique environment of the ISS. 

EARTH BENEFITS: Examining genomic instability in new and unique 
environments may reveal new pathways to cancer development, potentially 
leading to new approaches for combating this prevalent disease.

 Spacewalk: A Virtual Reality Experience 
Mia Tramz, Time Inc. • New York, NY

DESCRIPTION: This project will build on TIME's Emmy-nominated "A Year 
in Space" series to create a new virtual reality (VR) and video series 
called "Spacewalk: A VR Experience" that will document the journey 
of astronauts as they train for and then execute a spacewalk from the 
ISS. TIME and LIFE VR will use specialized VR camera systems to 
capture ground footage of astronauts training in the Neutral Buoyancy 
Lab and flight footage on the ISS of crew members going through the 
airlock and completing tasks during a spacewalk. The video series will 
not only be entertaining but also educational, and the project includes 
the development and distribution of complementary curriculum through 
TIME for Kids for classroom integration. The series will be promoted 
and distributed across TIME's print, digital, and social media platforms, 
which achieved more than 1 billion streams in April 2017. The goal is to 
provide TIME's vast audience with multiple entry points to the intimate 
first-person experience of a spacewalk.

EARTH BENEFITS: This project will create an unprecedented evergreen 
educational tool to inspire and educate children and adults about the 
mechanics of preparing for and conducting a spacewalk, life on the ISS, 
and the important work being done on the space station. The series 
will be distributed across multiple VR and 360 platforms for maximum 
exposure, leveraging TIME's expected 10 billion video views in 2017.


