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(c) COMMERCIAL USE OF SPACE.—Congress declares that the general welfare of the United 
States requires that the Administration seek and encourage, to the maximum extent possible, 

the fullest commercial use of space. 

(f) BIOENGINEERING RESEARCH, DEVELOPMENT, AND DEMONSTRATION PROGRAMS.—
Congress declares that the general welfare of the United States requires that the unique 
competence of the Administration in science and engineering systems be directed to assisting in 

bioengineering research, development, and demonstration programs designed to alleviate and 
minimize the effects of disability. 

NASA Space Act of 1958 as Amended
PUBLIC LAW 111–314—DEC. 18, 2010

Foundations of this Report
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All Projects have Problems.  

Successful Ones Solve Them.

Experienced Ones Avoid Them.

Smart Ones Test.



10 YEARS AGO

A Very Wise Decision was made.

Here are some of the things that happened as a result



● Assembly of Large Structures in Space via Multiple Flights and Multiple Spacecraft • 

Versatile Human Supported Space Laboratories • Technology Testbed • Observatories for 

Earth and Space • STEM • Commercial R&D • 15 Nations Collaborating for Decades • 

● First National Laboratory Beyond Earth
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24 Years and Counting of Continuous Human Habitation Beyond Earth 
● Catalyst, Inspiration, and Accelerator of Commercial Space Enterprises 

● Existence Proof that Permanent Human Occupation of Other Worlds is Feasible

EXISTENCE PROOFS

280+ People
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24 Years and Counting of Continuous Human Habitation Beyond Earth 
● Catalyst, Inspiration, and Accelerator of Commercial Space Enterprises 

● Existence Proof that Permanent Human Occupation of Other Worlds is Feasible

EXISTENCE PROOFS

280+ People

For the rest of the century …We should never 

have fewer capabilities in LEO than we do now.  

In fact, LEO and microgravity research and 

applications for Earth and space should grow now 
for near term benefits, long term prosperity, and 

competitive skill development for industries of the 

future.



Serve U.S. national interests by developing materials and technologies 

that strengthen industry leadership and national security, and create high-

quality jobs.

●

Provide benefits to humanity by developing products that significantly 

improve the quality of life for people on Earth.

●

Accelerate development of the space economy in LEO by stimulating 

demand for scalable and sustainable non-NASA utilization of future 

commercial LEO destinations.

NASA InSpace Production Applications (InSPA)

In Space for Earth

Approach: Increase proficiency in orbital manufacturing through utilization of ISS National Lab.  

Independent validation of superior product manufacturing in LEO compared to ground control.



The ISS National Lab‘s first 

flight was in 2013. They 

reached a healthy growing 

cadence of pioneering R&D  

on iSS by 2015 and  got 

steadily better.

Many of the advances shown 

in this report resulted from 

their early investments.

Enabling Pioneering Payloads on 55 launches since 2013



2014:  Where is Gravity Impeding US Industry?



2014:  Where is Gravity Impeding US Industry?

● regenerative medicine

● medical devices
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When Microgravity Works:
Translating 50 years of microgravity R&D into high-value applications from subatomic through human

Quantum

Subatomic

Cold

Atom 
Lab

Manufacturing Bose-Einstein Condensates in Space near absolute zero since 2019 on ISS 

Molecular

Crystals

Pharma
Industrial

Semiconducto

r

80% of 500+ Crystals Manufactured in Space since 1973 Improved in Structure, Uniformity, Size or Reduction of Defects

Thin Films

Medical 

Devices 
Artificial Retina

Nerve Regen

Semiconductors

Alloys and 

Photonics

ZBLAN Optical 

Fibers
Semiconductors

Cells and Tissues

Cancer

Neurodegenerative
Stem Cells

3D Tissues

Artificial Organs

Space Manufactured Artificial Retinas Ready for Animal Trials, Semiconductors in parabolic testing 

High Throughput 11.9 km optical fiber manufactured on ISS to commercial lengths

Medical Advances from 

Space 
for 50+ years 

Whole Organisms

Plants

Animals
Humans
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Why Microgravity Works

Source:  Frick, J., Rodrigue, G., Senesky, D., Hill, C.  Semiconductor Manufacturing in Low Earth 

Orbit for Terrestrial Use.  2023 Workshop Report.  https://osf.io/preprints/osf/d6ar4

Helps with alloys and biomanufacturing



Why Microgravity Works

Source:  Frick, J., Rodrigue, G., Senesky, D., Hill, C.  Semiconductor Manufacturing in Low Earth Orbit for 

Terrestrial Use.  2023 Workshop Report.  https://osf.io/preprints/osf/d6ar4



Why Microgravity Works

Source:  Frick, J., Rodrigue, G., Senesky, D., Hill, C.  Semiconductor Manufacturing in Low Earth Orbit for 

Terrestrial Use.  2023 Workshop Report.  https://osf.io/preprints/osf/d6ar4



Why Microgravity Works

Source:  Frick, J., Rodrigue, G., Senesky, D., Hill, C.  Semiconductor Manufacturing in Low Earth Orbit for 

Terrestrial Use.  2023 Workshop Report.  https://osf.io/preprints/osf/d6ar4

Also important for biomanufacturing





InSPA Butler University Microgravity Crystal Summary 
Updated March 2024

Improvement in One Metric:  Structure, Uniformity, Size, 
Resolution, Reduction in Defects, Performance in Application

Better Same Worse Total (n)

Macromolecules/Organics
288 17 13

318
91% 5% 4%

Inorganic (all)
164 7 17

188
87% 4% 9%

• Semiconductors 
(subset of Inorganic)

120 3 17
140

86% 2% 12%

• Inorganic 
(other remaining Inorganic)

44 4 0
48

92% 8% 0%

TOTAL µg Crystals
452 24 30 50690% 4% 6%

Contact Dr. Anne Wilson at amwilson@butler.edu or 317-940-9408

mailto:amwilson@butler.edu


*Metrics: Size, structure, uniformity, resolution limit, mosaicity and/or 

performance.  Most reports do not include data on more than one or two metrics.





Comparisons of Space Flight vs Ground grown crystals on the basis of Molecular Weight /Complexity 

with molecular weight used as a surrogate for complexity.



Comparisons of Space Flight vs Ground grown crystals on the basis of Different Crystallization 

Methods focusing on Semiconductors.  Similar results were seen for other crystal types as well.



Flawless Space Fibers
Commercial Scale Manufacturing  of ZBLAN Fiber on the ISS 

OVERVIEW

IMPACT

RESULTS

Using the Microgravity Science Glovebox on the ISS, Flawless 

Photonics µg optical fiber manufacturing system “Excalibur” is first to 

produce commercial lengths of ZBLAN fiber in space. FP, the 5th U.S. 

company to attempt high-quality ZBLAN fiber production on ISS, was 

funded by the Luxembourg Space Agency and the Univ. of Adelaide, 

with sponsorship from ISS National Lab.   

Excalibur produced 11.9 km of ZBLAN fiber over 3 weeks on ISS. 

Longest continuous run of 1.1km exceeded known record for 

commercial production on Earth (700 meters), where gravity 

impedes length and quality. Most FP draws, including record 

breakers, were witnessed by NASA and ISS National Lab

Flawless Photonics demonstrated control of high-throughput inspace 

manufacturing processes that meet upper end of single runs ZBLAN 
lengths manufactured commercially on Earth.  Depending on space 

fiber quality, the LEO business case could close.  FP demonstrated 

exceptional microgravity manufacturing skill to achieve commercial 
class scaleup in space.  This achievement increases confidence in 

space manufacturing.

Shrink 

functions
of 30ft Earth 

production 

system to 30 
inches to fit 

in MSG

1141m
100µ diameter ZBLAN Fiber

- Longest Single Inspace Draw

27 Feb 2024

Held Steady in the Manufacturing 

Sweet Spot in Space for 3+ Hours

14 of 16 fiber draws each
produced >100 meters

9 of 16 fiber draws each produced 

>700 meters of fiber

3 of 16 fiber draws each produced 

>1000 meters of fiber

11.9km
100-125µ ZBLAN Fiber

Cumulative Fiber Produced 

Inspace 

9 Feb - 14 Mar2024

In 16 manufacturing runs



● 8 flights; achieved 200 layers 6 times and 50 layers 4 times​ (Metric was 50 layers for Proof 

of Concept but 200 layers are needed for the finished product)

● Layering protocol developed – the “Secret Sauce” for optimization of layering on orbit

Space Assisted Products:  Artificial Retinas



“Drug discovery and development is a long, costly, and high-risk process that takes over 10–15 years with an average cost 
of over $1–2 billion for each new drug to be approved for clinical use1.

For any pharmaceutical company or academic institution, it is a big achievement to advance a drug candidate to phase I 
clinical trial after drug candidates are rigorously optimized at preclinical stage.

However, nine out of ten drug candidates after they have entered clinical studies would fail during phase I, II, III clinical
trials and drug approval2,3.

It is also worth noting that the 90% failure rate is for the drug candidates that are already advanced to phase I clinical 
trial, which does not include the drug candidates in the preclinical stages.

If drug candidates in the preclinical stage are also counted, the failure rate of drug discovery/development is 
even higher than 90%.”

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9293739/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9293739/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9293739/


Part of the reason that candidate drugs fail in patient clinical trials is because existing Earth 

based cell/tissue culture models, animal models, and computer models informed by them are 

still not good enough to predict the performance of a drug in a human patient.

When it works, a cell/tissue culture can accelerate the identification of the cause of a disease 

as well as the development and testing of therapeutics to cure the disease. 

The value of a cell or tissue culture depends entirely on how well the culture model mimics what 

is really happening biochemically in the patient’s body.

This is where microgravity can help.

Stripped of all glamour, we can keep 3D cell and tissue cultures suspended without touching 

the sides or bottoms of the tissue growth containers a lot longer in space than we can on Earth.  

The cells all respond to unconstrained growth in 3 dimensions.  But in an increasing number of 

cases, some grow better, faster, and more akin to how they would react in a patient’s body.  Not 

in all cases, but in enough cases now to pursue it further as a priority.



Space cells and tissues grow in 3D 
– not perfectly -- but much closer to 

how they grow in the body.

Faster iPSC expansion, increased iPSC 
stability, larger tissues and organoids. Pre-

Cancer cells respond rapidly to ug like 
stress-induced aging on Earth.

Harvest Cells from Healthy 

and/or Sick People

Grow cells to tissues outside 
the body as close as possible to 
how they grow inside the body

GROW OUTSIDE BODY
MICROGRAVITY

Cells and Tissues in the body grow in 

3D

< Accelerate knowledge 

< Accelerate identification of 
therapeutic targets

< Accelerate drug testing

< Organ bandages

< Artificial Organs

G
R

A
V

IT
Y

THE VALUE OF A CELL OR TISSUE CULTURE DEPENDS ON HOW WELL IT MIMICS WHAT ACTUALLY HAPPENS IN THE BODY

Faster, Safer, Better Therapeutics for Cancer 

and Neurodegenerative Diseases, Organ 
Diseases, and Personalized Medicine

90% of new drugs fail in patient trials because terrestrial models are not good enough

ISS National Lab

InSPA Awards

Blood Cancer
Brain Cancer
Breast Cancer

Ovarian Cancer

Alzheimer's
Lou Gehrig Disease

Parkinsons
Multiple Sclerosis

Artificial Retina
IPSCs/Stem Cells

3D Nerve Regeneration

3D Tissue Engineering
Pharmaceuticals

Gravity causes the 3D cells and tissues in cultures to sink 
and flatten into 2D structures, which provides the wrong 

biological signals to the cells and leads to medically 
misleading information

33









3D Kidney Tissue Cultures – STS 106 (2000)

37

Genomics data (left) versus structural changes (right)
Bottom = 3-g centrifuge
Middle = Rotating Wall Vessel

Top = Microgravity

2000 STS 106
Proteomics data on kidney cells:
Red = microgravity

Green = 1-g ground control
Blue = vibration simulation control

2000 STS 106
Confocal Image of on kidney cells.  
Flight (Left), 1G (Right)

Vitamin D transcription protein tagged 
green.  Ground shows transcription 

protein in cytoplasm.  Flight shows 
transcription protein in nucleus 
confirming genomic analysis.

STS 106 Confirmation Data enabled by 

Bioserve

NeuroLab 

1998

2001 STS106 Follow-Up Flight



Developing and Testing 3D Organoids in Microgravity:
Improved Cancer Models > New Drug Targets > Accelerated Drug Testing

InSPA Targets Relevant US Cancer Statistics

Brain Cancer (Glioblastoma) 95% fatal in 5 years.  15,000 new cases per year. Most common brain cancer in adults.

Blood Cancer (AML) 65% fatal in 5 years. 20,000 new cases per year.

Breast Cancer
300,000 new cases per year.  Breast cancer results in 40,000 deaths per year, but 5-year prognosis is good if caught before 

metastasis.

Colon Cancer 35% to 90% fatal in 5 years, depending how early it is caught.  125,000 new cases per year. 

Liver Cancer 80% fatal in 5 years.  36,000 new cases per year.

Ovarian Cancer 50% fatal in 5 years.  20,000 new cases per year. 

Metastasis 93% fatal in 5 years for metastatic lung cancer.  84% fatal for metastic colon cancer.  70% fatal for metastatic breast cancer.

Cancer Overall
One in 3 people will be diagnosed with cancer in their lifetimes.  18 million new cases per year worldwide.  9.8 million 

deaths per year worldwide.

NASA InSPA and ISS National Lab Portfolios 2020-2024



Developing and Testing 3D Organoids in Microgravity: 
Improved Neurodegenerative Disease Models > New Drug Targets > Accelerated Drug Testing

InSPA Targets Relevant US Neurodegenerative Disease Statistics

Amyotrophic Lateral Sclerosis (ALS) 

“Lou Gehrig and Steven Hawking 
Disease”

75% fatal in 5 years.  90% fatal in 10 years. Patients decline rapidly to full paralysis.  5000 new 

cases per year in US.

Alzheimer's Disease

Life span after diagnosis 6-10 years.  500,000 new cases per year in US and 6,000,000 active cases 

in US now.  Cost to the US for care and treatment estimated at $300B.  Expected to increase as Baby 
Boomers age.  1 in 10 people over age 65 will get Alzheimers.

Multiple Sclerosis

While MS patients can live a normal life span, they do so in progressive decline, requiring more and 

more care and special treatment.  900,000 people have MS in the US.  Cost to US estimated at 
$85B.

Parkinsons’ Disease

”Michael J. Fox Disease”

50% survive for 10 years under continual decline, with survival determined largely by age at time of 

diagnosis.  Today, 1,000,000 live with Parkinson’s Disease in the US and 90,000 new cases are 
diagnosed each year.  Cost to US is $50B per year.

NASA InSPA and ISS National Lab Portfolios 2020-2024



NASA InSPA March 2024 Biomanfacturing and Pharmaceutical
Applications Portfolio

Biomanufacturing:

•Protein-Based Artificial Retina for Blindness. LambdaVision

•Cancer Stem Cell Therapies.  UCSD/Sanford Stem Cell Inst.

•Stem Cell Therapies for Blood Disorders.  Univ. Colorado Boulder and 
Mayo Clinic 

•Stem Cells (iPSC)  for Heart, Brain, Blood Therapies.  Cedars Sinai

•RNA Therapeutics and Cartilage. UConn & Eascra Biotech

•NanoligomerTM based Drug Discovery. Sachi Bio

•3D Printed Nerve Regeneration.  Auxilium Biotechnologies

•3D Printed Cartilage.  Lawrence Livermore National Labs

•3D Engineered Liver Tissue.  Wake Forest Institute of Regenerative 
Medicine

Pharmaceuticals:

•Protein Crystal Growth for Pharmaceuticals.  Redwire Space
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Basic Research -> Technology Development

Orange shows 

Transition to InSPA

FROM DISCOVERY TO APPLICATION

FEED THE PIPELINE FOR US LEADERSHIP AND SUCCESSAPPLICATIONS STAND ON THE SHOULDERS OF BASIC RESEARCH

GOVERNMENT NECESSARY TO ENABLE BREAKTHROUGHS BEFORE PROFITABILITY IS OBVIOUS







Where Space Can Help

Global Value Chain

SEMICONDUCTORS



Data only from projects reported in 

open literature. 





Opportunities and WorkForce Development 
for Industries of the Future

Space industries, and the opportunities and revenues from them, have grown steadily for the past

60 years.  The rate of development is accelerating as more technically sophisticated countries successfully 
implement projects  in LEO.

Space offers a new way of manufacturing that supports industries of the future.



Opportunities and Work Force Development 
for Industries of the Future

Space offers a new way of manufacturing that supports industries of the future.

We recommend that hands-on training and education programs be put in place focused on the development 
of microgravity manufacturing skills starting with worthy terrestrial applications.

Further that these training programs be conducted online through professional University and other expert 

oversight to allow participation from anywhere in the country with access to the internet.



Opportunities and Work Force Development 
for Industries of the Future

Remote Manufacturing.  

One unique aspect of manufacturing 

in space is the need to develop world 
class skills in how to manufacture 
remotely.  

Remote manufacturing is not just valuable for space, it could revitalize America’s skills in different kinds of 
manufacturing applications and provide more opportunities for innovation and growth.  

Space technologies apply to many Earth applications.  



Remote Manufacturing on Earth and in Space  

If we can manufacture remotely in space, we can manufacture remotely anywhere on Earth with internet 
access and power.  

Skilled technical practitioners could live wherever they wanted and work from the most convenient and 
affordable locations.    That should have a stimulating effect on the housing markets around the country. 

Industries of the Future

Space could play an important role for hands-on training 

starting now with the ISS and CLDs to ensure that America’s 
manufacturing skills can successfully compete in the world 
marketplace.  

Remote Manufacturing opens many opportunities, on Earth 

as well as in space.



High-tech global competition is increasing and those who are best at 

using space will obtain a competitive edge in high tech materials and 

devices, including semiconductors, biomaterials and medical devices.  

Significant Additional Investment is Needed 
in InSpace Manufacturing to Maintain 
US Leadership 

Most new enterprises in space need a minimum of 10 tries in space before 

mastering microgravity processes well enough to produce products in 

commercial quantities that are significantly better than what can be achieved 
on Earth.  Currently InSPA can only fund 2-3 flights.

Microgravity is a strange environment and the stresses of launch and landing 

add additional complications to delicate instruments and biologicals.  China’s Operational Space Station

The International Space Station provided us with 

the home court advantage and US innovators 

have gotten skilled.

But with technologically sophisticated entrants into the space arena like China, Japan, Russia, 

India and others, the US needs to step up our game

Japan ISS Kibo Crystals



Excellent Investment.  Space enterprises have proven to be excellent investments for America that 
touch and improve our daily lives in many ways.  The ISS has shown that increasing the use of 
space to benefit Earth has matured enough to be a cutting-edge option for US technology 
development and many technical disciplines leading to wealth generation.  

Benefit America.  Benefit Earth.  The development of space to benefit Earth as well as space is a 
good investment for America that offers real opportunities and real training for people everywhere in 
America to develop the space industries of the future.  

Start Now. The International Space Station
is available now to develop national skills 
and capabilities beyond Earth.  

Growth Opportunities.  As new Commercial 
LEO destinations and transport services 
increase, the options for customization of 
space projects and industries increase
exponentially.



Compete To Win.  Developing best in class capabilities in an increasingly competitive high-tech 
world will require significantly more funds than we are now investing in developing valuable new 
applications from space.

Invest in American Innovators. 
Increase Investments in Inventors 
Nationwide and Increase Flight 
Opportunities for implementation at 
least 10X.  

We need to increase investments in space 
assisted technologies by funding the 
inventors and their teams, contemporary 
inspace manufacturing capabilities, the 
new equipment needed to implement 
space research and manufacturing 
projects. And the transportation and 
inspace services they need.

These need iteration to achieve the quality 
needed to succeed, enabled by the flight 
frequency necessary for learning, 
success, and steady state commercial 
manufacturing operations.  



GE Congressional testimony –

INSPACE MANUFACTURING 

could have an annual value of over 

$2 billion in the 1980s.

1973



That didn’t happen.



Why? FLIGHT FREQUENCY AND LAUNCH COSTS



Space Shuttle Flights
► Total time in space over 28 years = 3.6 years

► Average flights per year = 4.5

► Costs between $ .5B to $1.5B per flight

► Estimated $27K/kg for payloads
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What’s Different Now?

2024



• 24 • 7 • 365 • 25 years and counting

The ISS Changed Everything

In Space From Earth

270+ People



10 YEARS AGO  –

A Very Wise Decision was made.

Here are some of the things that happened as a result



● Assembly of Large Structures in Space via Multiple Flights and Multiple Spacecraft • 

Versatile Human Supported Space Laboratories • Technology Testbed • Observatories for 

Earth and Space • STEM • Commercial R&D • 15 Nations Collaborating for Decades • 

● First National Laboratory Beyond Earth
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24 Years and Counting of Continuous Human Habitation Beyond Earth 
● Catalyst, Inspiration, and Accelerator of Commercial Space Enterprises 

● Existence Proof that Permanent Human Occupation of Other Worlds is Feasible

EXISTENCE PROOFS

280+ People





24 • 7 • 365

Enabling Discoveries and Applications for Earth

This is the foundation for the next decade in space 

applications for Earth markets and medicines



Commercial LEO – The Next Decade





2024 DEMAND
Led by the rise of small inventive space businesses pioneering microgravity 

manufacturing for valuable terrestrial applications. 

Most of these space manufacturing innovations started through SBIRs.

Demands for space services that enable microgravity manufacturing are increasing 

in multiple areas simultaneously.

Downmass is as important as upmass when

inspace manufacturing serves terrestrial markets.



The first solid evidence from ISS of the 

value of inspace manufacturing for 
Earth

2019 Sagan Test 0:  ISS National Lab: 
Historic First - Demonstration that 

Merck’s leading cancer drug Keytruda 
formed significantly more uniform 
crystals without gravity. Merck and 

(Implementation Partner/Space HW 
Alabama)   

This knowledge product from ISS led to the 
ability to improve the quality of the drug on 

Earth by controlling the size of the 
individual crystals in a way not previously 

considered.  This project showed how 
microgravity crystal growth can benefit 
high-value contemporary products.  

Published in Nature Microgravity Dec. 
2019.

Merck’s goal was to produce many crystals of uniform size in space in order to develop a 

safer and more effective product to treat cancer.  It worked extraordinarily well.



2022

NASA InSPA and the ISS National Lab identified 
2 more projects that required extraordinary evidence and 
third party review before entering the next phase of 
funding and flight opportunities.

Both passed.

They were not from traditional space states.



ISS National Lab and NASA InSPA

Carl Sagan Test 1: LambdaVision (CT) controls microgravity manufacturing of 50 precision layers in space to create 

artificial retinas to help cure blindness on Earth.  This met the first InSPA Metric and was an extraordinary claim, so the 

results were reviewed by independent third party experts.

2022

Control of inflight manufacturing by 

LambdaVision using Space Tango (KY) 
flight hardware was confirmed by both 
independent third-party reviewers as well 

as the repeated proofs from later flights on 
ISS. 

Blindness

ISS National Lab and NASA InSPA

Sagan Test 1: LambdaVision (CT) using Space Tango (KY) hardware repeatedly manufactured the 50 layers of 

precisely deposited proteins and conductive polymers needed to make artificial retinas on Earth to help cure blindness .  

The 50 layer deposition in space to the quality sought is confirmed. Final Product value will be determined after 

clinical trials by the FDA.

2022

µG Confirmed
Needs Clinical 

Trials



ISS National Lab and NASA InSPA

Sagan Test 2: Butler University (IN) collected, curated, and analyzed results reported on 500 crystals grown in 

microgravity since 1973 and discovered that more than 80% of the crystals, from the simplest to the most 

complex, from the lightest to the heaviest, improved in an important feature from being grown in space.  

Confirmed and published.

Pharmaceutical,  Industrial and Semiconductor Crystals 2022

Confirme

d



In 2024, NASA InSPA and the ISS National Lab identified an 
unprecedented 8 exceptional projects that require 
extraordinary evidence and third party review to enter the 
next phase of funding and flight opportunities.

Some have passed, the rest are still in testing.

All are examples of US ingenuity and skill in space 
manufacturing.



ISS National Lab and NASA InSPA

February 

Sagan Test 3: UCSD Sanford  – Aspera - Axiom – Space Tango Provided Compelling Evidence of Accelerated 

Cancer Cell Growth in Space That Could Accelerate Therapeutic Development for Personalized Medicine –

Published.  Final Product value will be determined after clinical trials by the FDA.

2024Cancer

µG Confirmed
Needs Clinical 

Trials



ISS National Lab and NASA InSPA

March

Sagan Test 4 : Historic First – Flawless Photonics – Luxumbourg – Australia – Visioneering Team – Demonstrated 

Commercial Manufacturing Scale-up in Space That Exceeds Reported Terrestrial Commercial Manufacturing 

Quantities of ZBLAN Fiber.  Manufactured 7.4 miles of ZBLAN fiber in 16 draws in space.  Inflight Manufacturing 

Control witnessed and confirmed by independent 3rd parties.  Quality currently being independently validated by 5 labs 

around the world.

2024Industrial Materials:  Glass Alloys:  Commercial-Scale Manufacturing In Space

µG Confirmed
In Testing for 

Quality



ISS National Lab and NASA InSPA

March

Sagan Test 5:  Sachi Bioworks and Space Tango.  Historic First. In-Space Treatment of Space-Induced 

Neuropathology for accelerated screening of therapeutics for neurodegenerative diseases like Alzheimers, ALS, 

Parkinsons - Published. Final Product value will be determined after clinical trials by the FDA.

2024Neurodegenerative Diseases: Alzheimers, ALS, Parkinsons

Testing



ISS National Lab and NASA InSPA

Spring

Sagan Test 6:  LambdaVision. Space Tango.  Spring 2024 Historic First - Space-Assisted Artificial Retinas 

Manufacturing Method Validated in Space to 200 layers needed for artificial retinas. 200 layers manufactured in 

space is confirmed. Final Product value will be determined after clinical trials by the FDA.

2024Blindness

Confirmed



ISS National Lab and NASA InSPA

Spring

Sagan Test 7:  Redwire - Eli Lilly - Butler University.  World class pharmaceutical and industrial crystals on test 

flight of PILBOX Hardware.  Confirmed by independent 3rd party experts with additional strong evidence provided 

by Butler University Microgravity Crystal Database

2024Superior Pharmaceutical and Industrial Crystals

Confirmed



ISS National Lab and NASA InSPA

July

Sagan Test 8:  Cedars-Sinai – Axiom - Bioserve. Historic First – Human Adult Skin Cells Reprogrammed in space 

to embryonic type stem cells called induced Pluripotent Stem Cells  (iPSCs).. In-space reprogramming Confirmed 

by visual observations from multiple independent witnesses.  Quality of the results will be determined after the samples are 

returned from ISS in Nov 2024.

2024
Stem Cells for Personalized Medicine 

Applicable to Many Diseases

µG Confirmed Tests begin when Samples return Nov 2024



ISS National Lab and NASA InSPA

March

Carl Sagan Test 4 : Historic First – Flawless Photonics – Luxumbourg – Australia – Visioneering Team –

Demonstrated Commercial Manufacturing Scale-up in Space That Exceeds Reported Terrestrial Commercial 

Manufacturing Quantities of ZBLAN Fiber. 

2024

ISS National Lab and NASA InSPA

August

Sagan Test 7:  Historic First - 5 to 10X Quality Improvement in Transmission from Space Manufactured ZBLAN 

reported by both Apsidal/Axiom (10X) and Flawless Photonics/Visioneering (5+X)

2024Industrial Materials:  Superior Glass Alloys

In Testing



ISS National Lab and NASA InSPA

August

Sagan Test 9:  Encapsulate/Space Tango.  Historic First - InSpace Detection of Metastasis

reveals important features of cancer cells that cannot be seen on Earth because gravity masks 

them.  Once proven by statistics and clinical trials, this can be used to accelerate and improve 

diagnoses.

2024Cancer: Metastasis

Needs many more 

µG statistics and 
other medical 

confirmation tests

µG Confirmed



ISS National Lab and NASA InSPA

2024.  These states triggered a remarkable 8 Sagan tests in a single year because American teams have gotten 

that good at working in space.   And they get better with each flight. 

2024Cancer • Neurodegenerative Diseases • Better Pharmaceuticals and Industrial Crystals • 

Better Quality Induzstrial Materials (Glass Alloys) to Commercial Scale Manufacturing Beyond 

Earth



ISS National Lab and NASA InSPA

2024.  The following states are in the pipeline waiting for near term flight opportunities to implement projects as 

remarkable as the ones reported previously.  

Cancer • Neurodegenerative Diseases • Better Pharmaceuticals and Industrial Crystals • 

Better Quality Industrial Materials (Glass Alloys) to Commercial Scale Manufacturing Beyond Earth

Add 

Semiconductors

Nerve Regeneration

Nanomedical Devices

Novel Industrial Materials

Advanced Materials

P

A



ISS National Lab and NASA InSPA

2024  This shows how previous expertise carries into important new projects while participation by non-

traditional aerospace states in the pipeline almost doubles.  There is genius to invest in all over the US.

Cancer • Neurodegenerative Diseases • Better Pharmaceuticals and Industrial Crystals • 

Better Quality Industrial Materials (Glass Alloys) to Commercial Scale Manufacturing Beyond 

Earth

Add 

Semiconductors

Nerve Regeneration

Nanomedical Devices

Novel Industrial 

Materials



Now is not the time to clip America’s wings.  Now is the time to enable more of the country to use their 

innovative genius to deliver products from space to improve life on Earth.

There is a way to do that now.



When you combine the best you can do on Earth

And enable the best you can do in space

With sufficient statistics and controls 

And the brightest minds to interpret 

and inform the results …



85

Quantum

Subatomic

Cold

Atom 
Lab

Manufacturing Bose-Einstein Condensates in Space near absolute zero since 2019 

Molecular

Crystals

Pharma
Industrial

Semiconductors

80% of 500+ Crystals Manufactured in Space since 1973 Improved in Structure, Uniformity, Size or Reduction of Defects

Thin Films Alloys and 

Photonics

Cells and Tissues

Cancer

Neurodegenerative
Stem Cells

3D Tissues

Artificial Organs

Space Manufactured Artificial Retinas Ready for Animal Trials, Semiconductors in parabolic testing 

High Throughput 11.9 km optical fiber manufactured on ISS to commercial lengths

Medical Advances from 

Space 
for 50+ years 

Whole Organisms

Plants

Animals
Humans

85

Medical 

Devices 
Artificial Retina

Nerve Regen

Semiconductors

ZBLAN Optical 

Fibers
Semiconductors

When Microgravity Works:
Translating 50 years of microgravity R&D into high-value applications from subatomic through human
Just the beginning …



2024 INVESTMENTS 

and 

OPPORTUNITIES



“In order for an enterprise to succeed, 

supply, demand, and capital 
all need to be appropriately supported.  

You can’t just fund 2 out of 3 and expect to get 66% ROI.  

Odds are, you will get little or nothing.”

Alan Marty, Legacy Ventures. Venture Capital Advisor to NASA Commercial 

Orbital Transportation Services Program.  First ISS National Lab Workshop.  
October 2007. NASA Ames Research Center.

https://signal.nfx.com/investors/alan-marty




Basic Research -> Technology Development

Orange shows Transition to 

InSPA

FROM DISCOVERY TO APPLICATION

FEED THE PIPELINE FOR US LEADERSHIP AND SUCCESS

GOVERNMENT FUNDING IS NEEDED WHEN THE SOLUTION IS IMPORTANT AND PROFITABILITY IS NOT OBVIOUS





The results presented describe the floor we stand on for the next decade of discoveries and 

applications from LEO and from deep space.

We will get better from here through practice in space to unlock microgravity’s potential for 

the benefit of Earth.

Thank you to all who step up and try.  We learn from you.  

Thank you to all who succeed, you float all our boats and inspire our best efforts.

Thank you to those who helped, we couldn’t make it to space and back without you.

It takes a village to craft successful enterprises in space.





Very different futures are available to those who can thrive beyond their planet of 
origin versus those whose resources and destinies are constrained to a single world.
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https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdocs.google.com%2Fspreadsheets%2Fd%2F1mRCn0m1vNynou8Yl26Sw7__l5Jf4Ta_UXYgHPkG6mw8%2Fedit%23gid%3D0&data=05%7C02%7Clynn.d.harper%40nasa.gov%7C4500dd4cfe97486238fd08dc3f8d629e%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638455123683518088%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=v22QLgwcK%2BK4fmvo3kQf8kTapeIXIC3A6nCktWrdt0E%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdocs.google.com%2Fspreadsheets%2Fd%2F1mRCn0m1vNynou8Yl26Sw7__l5Jf4Ta_UXYgHPkG6mw8%2Fedit%23gid%3D0&data=05%7C02%7Clynn.d.harper%40nasa.gov%7C4500dd4cfe97486238fd08dc3f8d629e%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638455123683518088%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=v22QLgwcK%2BK4fmvo3kQf8kTapeIXIC3A6nCktWrdt0E%3D&reserved=0


Selected Microgravity Materials Manufacturing References

Thin Films:

LambdaVision:  Thin Film Applications -

https://www.issnationallab.org/release-ng20-
lambdavision-retinal-implant/

Microgravity Thin Film Deposition Advantages:  

https://www.issnationallab.org/ispa-thin-layer-deposition/

Selected Publications:

Croccolo, F., Bataller, H. Microgravity in a thin film: How 

confinement kills gravity. Eur. Phys. J. E 39, 132 (2016). 

https://doi.org/10.1140/epje/i2016-16132-4

https://link.springer.com/article/10.1140/epje/i2016-16132-4

Alloys and Photonics
Space News 2024.  Flawless Photonics Kicking Glass:  

https://spacenews.com/flawless-photonics-kicking-glass/

D. S. Tucker and M. SanSoucie, "Production of ZBLAN Optical 
Fiber in Microgravity," in Optical Fiber Sensors Conference 

2020 Special Edition, G. Cranch, A. Wang, M. Digonnet, and P. 

Dragic, eds., OSA Technical Digest (Optica Publishing Group, 

2020), paper T2B.1.  

https://opg.optica.org/abstract.cfm?uri=OFS-2020-T2B.1

https://www.issnationallab.org/release-ng20-lambdavision-retinal-implant/
https://www.issnationallab.org/release-ng20-lambdavision-retinal-implant/
https://www.issnationallab.org/ispa-thin-layer-deposition/
https://doi.org/10.1140/epje/i2016-16132-4
https://link.springer.com/article/10.1140/epje/i2016-16132-4
https://spacenews.com/flawless-photonics-kicking-glass/
https://opg.optica.org/abstract.cfm?uri=OFS-2020-T2B.1


Selected InSPA and ISS National Lab Microgravity 
Biomanufacturing References

Cells, Tissues, Organs
Mozneb, M., Arzt, M., Mesci, P. et al. Surface tension enables induced pluripotent stem 
cell culture in commercially available hardware during spaceflight. npj Microgravity 
10, 97 (2024). https://doi.org/10.1038/s41526-024-00435-y

Studying Stem Cells in Space for the Benefit of Humankind on Earth and Beyond -
ISS National Lab – https://www.issnationallab.org/stem-cell-research-results-
published-zubair/

Stem Cell-Derived Brain Organoids on Ax-3 Mission Seek to Improve Modeling for 
Neurodegenerative Diseases:  https://www.issnationallab.org/release-ax3-stem-cells-
nscf/

NASA 3D Bioprinting in Space:  https://www.nasa.gov/missions/station/iss-
research/3d-bioprinting/

NIH Tissue Chips in Space.  https://ncats.nih.gov/research/research-activities/tissue-
chip/projects/space

Biomanufacturing in Low Earth Orbit:  
https://www.sciencedirect.com/science/article/pii/S2213671121005981?via%3Dihub
Sharma et al 2021 (being updated)

https://pubs.acs.org/doi/full/10.1021/acschemneuro.4c00160 Inflammasome-Inhibiting 

Nanoligomers are Neuroprotective Against   Space-Induced   Pathology   in   Healthy   and   
Diseased   3D Human Motor and Pre-Frontal Cortex Brain Organoids.  Sadhana Sharma, 
Vincenzo S. Gilberto, Jon Rask, Anushree Chatterjee, Prashant Nagpal.  ACS Chemical 
Neuroscience. August 2024.

Hammond, T., Lewis, F., Goodwin, T. et al. Gene expression in space. Nat Med 5, 359 (1999). 
https://doi.org/10.1038/7331 https://www.nature.com/articles/nm0499_359

Cedars-Sinai https://www.cedars-sinai.org/newsroom/manufacturing-stem-cells-in-space/

Mayo Clinic: Ghani, F., Zubair, A.C. Discoveries from human stem cell research in space 
that are relevant to advancing cellular therapies on Earth. npj Microgravity 10, 88 (2024). 
https://doi.org/10.1038/s41526-024-00425-0

Jessica Pham, Larissa Balaian, Emma E Klacking, Antonio W Ruiz, Jenna Sneifer, Thomas P Frias, 

Jane Isquith, Shuvro P Nandi, Thomas Whisenant, Elsa Molina, Jana Stoudemire, Pinar Mesci, Ludmil

Alexandrov, Catriona Jamieson; A Longitudinal Study to Assess Hematopoietic Stem Cell and Immune 

Cell Health in Astronauts Pre-, during, and Post-Mission. Blood 2023; 142 (Supplement 1): 4056. doi: 

https://doi.org/10.1182/blood-2023-187749

Huang, P., Russell, A.L., Lefavor, R. et al. Feasibility, potency, and safety of growing human 
mesenchymal stem cells in space for clinical application. npj Microgravity 6, 16 (2020). 
https://doi.org/10.1038/s41526-020-0106-z. https://www.nature.com/articles/s41526-020-0106-
z#citeas

Artificial tissue creation under microgravity conditions: Considerations and future applications
Vishal Swaminathan, Grace Bechtel, Vakhtang Tchantchaleishvili
https://onlinelibrary.wiley.com/doi/abs/10.1111/aor.14017

Tissue Engineering Under Microgravity Conditions–Use of Stem Cells and Specialized Cells.  Authors: 
Daniela Grimm, Marcel Egli, Marcus Krüger, Stefan Riwaldt, Thomas J. Corydon, Sascha Kopp, Markus 
Wehland, Petra Wise, Manfred Infanger, Vivek Mann, and Alamelu SundaresanAUTHORS INFO & 
AFFILIATIONS
Publication: Stem Cells and Development
https://doi.org/10.1089/scd.2017.0242

The effects of microgravity on differentiation and cell growth in stem cells and cancer stem cells.  
Daniela Grimm, Markus Wehland, Thomas J. Corydon, Peter Richter, Binod Prasad, Johann Bauer, 
Marcel Egli, Sascha Kopp, Michael Lebert, Marcus Krüger.  Stem Cells Journals.  30 April 2020 
https://doi.org/10.1002/sctm.20-008

Mayo Clinic:BIOTHERAPEUTICS
From lift off to splash down: An update on Mayo Clinic stem cells in space
https://newsnetwork.mayoclinic.org/discussion/from-lift-off-to-splash-down-an-update-on-mayo-
clinic-stem-cells-in-space/

Grimm D, Schulz H, Krüger M, Cortés-Sánchez JL, Egli M, Kraus A, Sahana J, Corydon TJ, Hemmersbach R, Wise PM, Infanger M, 
Wehland M. The Fight against Cancer by Microgravity: The Multicellular Spheroid as a Metastasis  Model. Int J Mol Sci. 2022 
Mar 12;23(6):3073. doi: 10.3390/ijms23063073. PMID: 35328492; PMCID: PMC8953941.

https://doi.org/10.1038/s41526-024-00435-y
https://www.issnationallab.org/stem-cell-research-results-published-zubair/
https://www.issnationallab.org/stem-cell-research-results-published-zubair/
https://www.issnationallab.org/release-ax3-stem-cells-nscf/
https://www.issnationallab.org/release-ax3-stem-cells-nscf/
https://www.nasa.gov/missions/station/iss-research/3d-bioprinting/
https://www.nasa.gov/missions/station/iss-research/3d-bioprinting/
https://ncats.nih.gov/research/research-activities/tissue-chip/projects/space
https://ncats.nih.gov/research/research-activities/tissue-chip/projects/space
https://www.sciencedirect.com/science/article/pii/S2213671121005981?via%3Dihub
https://pubs.acs.org/doi/full/10.1021/acschemneuro.4c00160
https://doi.org/10.1038/7331
https://www.nature.com/articles/nm0499_359
https://www.cedars-sinai.org/newsroom/manufacturing-stem-cells-in-space/
https://doi.org/10.1038/s41526-024-00425-0
https://doi.org/10.1182/blood-2023-187749
https://doi.org/10.1038/s41526-020-0106-z
https://www.nature.com/articles/s41526-020-0106-z
https://www.nature.com/articles/s41526-020-0106-z
https://onlinelibrary.wiley.com/doi/abs/10.1111/aor.14017
https://doi.org/10.1089/scd.2017.0242
https://doi.org/10.1002/sctm.20-008
https://newsnetwork.mayoclinic.org/discussion/from-lift-off-to-splash-down-an-update-on-mayo-clinic-stem-cells-in-space/
https://newsnetwork.mayoclinic.org/discussion/from-lift-off-to-splash-down-an-update-on-mayo-clinic-stem-cells-in-space/


Selected Microgravity Whole Organism References

Cells and Tissues Continued

Inflammasome-Inhibiting Nanoligomers Are Neuroprotective against Space-Induced Pathology in Healthy 
and Diseased Three-Dimensional Human Motor and Prefrontal  Cortex Brain Organoids
Sadhana Sharma, Vincenzo S. Gilberto, Jon Rask, Anushree Chatterjee, and Prashant Nagpal

ACS Chemical Neuroscience 2024 15 (16), 3009-3021
DOI: 10.1021/acschemneuro.4c00160

Whole Organisms
The Human Body in Space.  NASA.  https://www.nasa.gov/humans-in-space/the-human-body-
in-space/

NASA Astronaut Twin Study (Human) – https://www.nasa.gov/humans-in-space/twins-study/

Corydon TJ, Schulz H, Richter P, Strauch SM, Böhmer M , Ricciardi DA, Wehland M, Krüger M , 
Erzinger GS, Lebert M, Infanger M, Wise PM, Grimm D. Current Knowledge about the Impact of 
Microgravity on Gene Regulation. Cells. 2023 Mar 29;12(7):1043. doi: 10.3390/cells12071043. 
PMID: 37048115; PMCID: PMC10093652.

GeneLab (non-human) – https://genelab.nasa.gov/

Mighty Mice in Space May Help Patients With  Bone and M uscle Loss on Earth.  2023 
https://www.issnationallab.org/upward-uconn-jaxlab-mighty-mice/ .  and 
https://www.jax.org/news-and-insights/2020/september/mighty-mice-in-space

Plants:

De Micco, V., Aronne, G., Caplin, N. et al. Perspectives 

for plant biology in space and analogue environments. 

npj Microgravity 9, 67 (2023). 

https://doi.org/10.1038/s41526-023-00315-x

Baba AI, Mir MY, Riyazuddin R, Cséplő Á, Rigó G, 

Fehér A. Plants in Microgravity: Molecular and 

Technological Perspectives. Int J Mol Sci. 2022 Sep 

11;23(18):10548. doi: 10.3390/ijms231810548. PMID: 

36142459; PMCID: PMC9505700.

https://pubs.acs.org/doi/abs/10.1021/acschemneuro.4c00160
https://www.nasa.gov/humans-in-space/the-human-body-in-space/
https://www.nasa.gov/humans-in-space/the-human-body-in-space/
https://www.nasa.gov/humans-in-space/twins-study/
https://genelab.nasa.gov/
https://www.issnationallab.org/upward-uconn-jaxlab-mighty-mice/
https://www.jax.org/news-and-insights/2020/september/mighty-mice-in-space
https://doi.org/10.1038/s41526-023-00315-x


Selected Microgravity References:  Semiconductors

Frick, J., Rodrigue, G., Senesky, D., Hill, C.

Semiconductor Manufacturing in Low Earth Orbit for 
Terrestrial Use.  2023 Workshop Report.  
https://osf.io/preprints/osf/d6ar4

Wilkinson, A.R., Brewer, F., Wright, H. et al. A meta-
analysis of semiconductor materials fabricated in 
microgravity. npj Microgravity 10, 73 (2024). 
https://doi.org/10.1038/s41526-024-00410-7

Butler Microgravity Crystal Database: Semiconductors: 
Semiconductors (160 entries of semiconductor crystals 
grown in space since 1973 with references):

https://docs.google.com/spreadsheets/d/1Zl_B_IbC_UF

x4VfFamhCQcGgUdtk64r6wOdQ_wO3lHU/edit#gid=21

8298295

https://osf.io/preprints/osf/d6ar4
https://doi.org/10.1038/s41526-024-00410-7
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdocs.google.com%2Fspreadsheets%2Fd%2F1Zl_B_IbC_UFx4VfFamhCQcGgUdtk64r6wOdQ_wO3lHU%2Fedit%23gid%3D218298295&data=05%7C02%7Clynn.d.harper%40nasa.gov%7C4500dd4cfe97486238fd08dc3f8d629e%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638455123683504594%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=oAP4g852ghOQbLFXbx5jfnXwzbOKxYOaCW6RtqSMk14%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdocs.google.com%2Fspreadsheets%2Fd%2F1Zl_B_IbC_UFx4VfFamhCQcGgUdtk64r6wOdQ_wO3lHU%2Fedit%23gid%3D218298295&data=05%7C02%7Clynn.d.harper%40nasa.gov%7C4500dd4cfe97486238fd08dc3f8d629e%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638455123683504594%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=oAP4g852ghOQbLFXbx5jfnXwzbOKxYOaCW6RtqSMk14%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdocs.google.com%2Fspreadsheets%2Fd%2F1Zl_B_IbC_UFx4VfFamhCQcGgUdtk64r6wOdQ_wO3lHU%2Fedit%23gid%3D218298295&data=05%7C02%7Clynn.d.harper%40nasa.gov%7C4500dd4cfe97486238fd08dc3f8d629e%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638455123683504594%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=oAP4g852ghOQbLFXbx5jfnXwzbOKxYOaCW6RtqSMk14%3D&reserved=0


Additional References

From Axiom
Ax1 (all peer-reviewed) 

CRISPR-based genetic diagnostics in microgravity - ScienceDirect

Leveraging Space-Flown Technologies to Deliver  Healthcare with Ho...: Ingenta Connect

Observing lightning and transient luminous events from the international space station during 
ILAN-ES: An astronaut's perspective - ScienceDirect

Space-based optical imaging of blue corona discharges on a cumulonimbus cloud top -
ScienceDirect

JPR_A_440630 4253..4266 (nih .gov)

Ocular  rig idity and choroidal thickness changes in response to microgravity: A case study 

(nih.gov)

Amorphous calcium carbonate enhances osteogenic d ifferentiation and myotube formation of 

human bone marrow derived mesenchymal stem cells and primary skeletal muscle cells under 

microgravity conditions - ScienceDirect

Ax2 (BioRxiv)  
Studies on the International Space Station to assess the effects of microgravity on iPSC-

der ived neural organoids | b ioRxiv

Accelerated Hematopoietic Stem Cell Aging in  Space | b ioRxiv

In-Space Fabrication of Janus Base Nano-Matrix for Improved Assembly and Bioactivities | 
bioRxiv

From Space Tango
1. Zhang, Q., Mo, D., Moon, S., Janowitz, J., Ringle, D., Mays, D., Diddle, A., Rexroat, J., Lee, E., & Luo, T. (2024). Bubble n ucleation 

and growth on microstructured surfaces under microgravity. npj Microgravity, 10(1). https://doi.org/10.1038/s41526-024-
00352-0

2. Wubshet, N. H., Cai, G., Chen, S. J., Sullivan, M., Reeves, M., Mays, D., Harrison, M., Varnado, P., Yang, B., Arreguin-Martinez, E., 
Qu, Y., Lin, S.-S., Duran, P., Aguilar, C., Giza, S., Clements, T., & Liu, A. P. (2024). Cellular mechanotransduction of human 
osteoblasts in microgravity. npj Microgravity, 10(1). https://doi.org/10.1038/s41526-024-00386-4

3. Pham, J., Isquith, J ., Balaian, L., Ladel, L., Nandi, S. P., Mack, K., Inge, Klacking, E., Ruiz, A., Mays, D., Gamble, P., Giza, S., 
Janowitz, J., Nienaber, T., Mishra, T., Kulidjian, A., Stoudemire, J., Snyder, M. P., Clements, T., & Muotri, A. R. (2024). 
Accelerated Hematopoietic Stem Cell Aging in Space. bioRxiv (Cold Spring Harbor Laboratory). 
https://doi.org/10.1101/2024.01.28.577076

4. Tran, Q., Spooner, N., Geoghehan, S., Shanjaye Thavarajah, Rahman, S., Tran, N., Williams, P., Jarquin, S., Kim, D.-H., Davey, K., 
Buell, J., Shumbera, M., Gittleman, M., Clements, T., Stoudemire, J., Fisk, I., & Hessel, V. (2024). Cosmic-Ray Radiat ion Effects on 
Ibuprofen Tablet Formulation Inside and Outside of the International Space Station. Research Square (Research Square). 
https://doi.org/10.21203/rs.3.rs-3771666/v1

5. Khan, O. M., Gasperini, W., Necessary, C., Jacobs, Z., Perry, S., Rexroat, J ., Nelson, K., Gamble, P., Clements, T., DeLeon, M.,
Howard, S., Zavala, A., Farach-Carson, M., Blaber, E., Wu, D., Aykut Satici, & Gunes Uzer. (2023). Development and 
Characterization of a low intensity vibrational system for microgravity studies. bioRxiv (Cold Spring Harbor Laboratory). 
https://doi.org/10.1101/2023.11.20.567870

6. Marotta, D., Ijaz, L., Barbar, L., Nijsure, M. P., Stein, J., Clements, T., Stoudemire, J., Grisanti, P., Noggle, S., Loring, J. F., & 
Fossati, V. (2023). Studies on the International Space Station to assess the effects of microgravity on iPSC-derived neural 
organoids. bioRxiv (Cold Spring Harbor Laboratory). https://doi.org/10.1101/2023.08.10.552814

7. Maddalena Parafati, Giza, S., Shenoy, T., Mojica-Santiago, J ., Hopf, M., Malany, L. K., Platt, D., Moore, I. S., Jacobs, Z. A., Kuehl, 
P., Rexroat, J., Barnett, G., Schmidt, C. E., McLamb, W. T., Clements, T., Coen, P. M., & Malany, S. (2023). Human skeletal muscle 
tissue chip autonomous payload reveals changes in fiber type and metabolic gene expression due to spaceflight. npj 
Microgravity, 9(1). https://doi.org/10.1038/s41526-023-00322-y

8. Coelho, L., & Muotri, A. R. (2022). Cortical brain organoid as a model to study microgravity exposure. Artificial Organs, 47(1), 5–
7. https://doi.org/10.1111/aor.14460

9. Marotta, D., Stoudemire, J., Clements, T., Loring, J. F., Grisanti, P., Noggle, S., & Fossati, V. (2022). Space Renaissance and 
Neurodegeneration. Springer EBooks, 123–132. https://doi.org/10.1007/978-3-031-18440-6_9

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0956566323004219%3Fvia%253Dihub&data=05%7C02%7Clynn.d.harper%40nasa.gov%7C510c2b6750df429b8bee08dca77ecfbb%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638569410673748078%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=UGvM9cTZ8JW3AZMall9Um1OXNgtcAYkg2rtFSzY3w9s%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ingentaconnect.com%2Fcontent%2Fasma%2Famhp%2F2024%2F00000095%2F00000004%2Fart00012&data=05%7C02%7Clynn.d.harper%40nasa.gov%7C510c2b6750df429b8bee08dca77ecfbb%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638569410673760357%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=HtihetRnlKWAAhZ37bVx9fbCSebeuriA%2Bj7DF%2BprzDk%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fabs%2Fpii%2FS009457652300348X&data=05%7C02%7Clynn.d.harper%40nasa.gov%7C510c2b6750df429b8bee08dca77ecfbb%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638569410673769529%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=MwsB5V280mWXRIvX2fwuvwGsBeJ2fq5ORROAWQ0ICHY%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fabs%2Fpii%2FS009457652300348X&data=05%7C02%7Clynn.d.harper%40nasa.gov%7C510c2b6750df429b8bee08dca77ecfbb%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638569410673769529%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=MwsB5V280mWXRIvX2fwuvwGsBeJ2fq5ORROAWQ0ICHY%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fabs%2Fpii%2FS0169809524002278%3Fvia%253Dihub&data=05%7C02%7Clynn.d.harper%40nasa.gov%7C510c2b6750df429b8bee08dca77ecfbb%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638569410673775812%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=AL%2F9UmVTisIKmatHswsQogW85qMxPRS%2FeNnR4eBVtb0%3D&reserved=0
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Rule of Thumb 1 
For commercial enterprises where profit is the key metric …

If you can produce the product well enough on Earth, don’t go to space.

But if it is important enough to improve and gravity is impeding progress,

Microgravity and inspace production can offer some real advantages.



Rule of Thumb 2
The product you produce in space for terrestrial markets not only must be better than 
anything you can produce on Earth, but so much better that it makes good business 

sense to go to space to manufacture it.  Quality matters.



Rule of Thumb 3

Trust but verify.  The Carl Sagan rule applies to space enterprises:  

“Extraordinary claims require extraordinary evidence”

NASA InSPA requires independent 3rd party validation of exceptional space findings 
before confirming quality.



Rule of Thumb 4
Practice, Practice, Practice in microgravity.   

Microgravity is a strange and versatile tool.  Like all tools, it takes practice to gain the 
necessary skills 

Hone your microgravity skills the fastest cheapest ways you can.

Practice in microgravity, on parabolic aircraft, on suborbital vehicles, and especially in 

orbit if your projects need more time.



Let the Data Talk to You

Get enough data to establish causal relationships and statistical 
confidence.

Don’t let your hypotheses strangle your observations.









10 YEARS AGO

A Very Wise Decision was made.

Here are some of the things that happened as a result
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24 Years and Counting of Continuous Human Habitation Beyond Earth 
● Catalyst, Inspiration, and Accelerator of Commercial Space Enterprises 

● Existence Proof that Permanent Human Occupation of Other Worlds is Feasible

EXISTENCE PROOFS

● Assembly of Large Structures in Space via Multiple Flights and Multiple Spacecraft • 

Versatile Human Supported Space Laboratories • Technology Testbed • Observatories for 

Earth and Space • STEM • Commercial R&D • 15 Nations Collaborating for Decades • 

● First National Laboratory Beyond Earth
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EXISTENCE PROOFS

● Assembly of Large Structures in Space via Multiple Flights and Multiple Spacecraft • 

Versatile Human Supported Space Laboratories • Technology Testbed • Observatories for 

Earth and Space • STEM • Commercial R&D • 15 Nations Collaborating for Decades • 

● First National Laboratory Beyond Earth

280+ People

24 Years and Counting of Continuous Human Habitation Beyond Earth 
● Catalyst, Inspiration, and Accelerator of Commercial Space Enterprises 

● Existence Proof that Permanent Human Occupation of Other Worlds is Feasible
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EXISTENCE PROOFS

● Assembly of Large Structures in Space via Multiple Flights and Multiple Spacecraft • 

Versatile Human Supported Space Laboratories • Technology Testbed • Observatories for 

Earth and Space • STEM • Commercial R&D • 15 Nations Collaborating for Decades • 

● First National Laboratory Beyond Earth

280+ People

24 Years and Counting of Continuous Human Habitation Beyond Earth 
● Catalyst, Inspiration, and Accelerator of Commercial Space Enterprises 

● Existence Proof that Permanent Human Occupation of Other Worlds is Feasible

For the rest of the century …We should never 

have fewer capabilities in LEO than we do now.  

In fact, LEO and microgravity research and 

applications for Earth and space should grow now 
for near term benefits, long term prosperity, and 

competitive skill development for industries of the 

future.



Other Challenges for the 21st Century in Space



Hazards

As of this writing, we cannot see asteroids 
of any size coming directly at Earth from 
any direction until they are too close to 
respond safely and effectively.  

• Asteroids coming directly at us do not appear to 
be moving in the sky.

• We are at the wrong angle to see these dark 
cold objects against a dark cold sky because 
almost all of our killer Near Earth Object (NEO) 
detection assets are here on Earth.  

• In order to see the asteroids coming at Earth, 
we need to monitor the sky from different 
angles.

• This requires NEO detection systems 
infrastructure deployed throughout the solar 
system.

This Photo by Unknown Author i s l icensed under CC BY

A NEO monitoring strategy 

that is blind to hazardous 

objects coming directly at 

Earth is incomplete and 

unacceptably flawed. 

We need to be able to detect killer NEOs 50 meters or larger 

at least 1 year before they arrive in Earth’s vicinity.. 

https://www.universetoday.com/134999/neo-asteroid-2014-jo25-set-buzz-earth-april-19th/
https://creativecommons.org/licenses/by/3.0/


Why Before How 
Impact Hazards

● Impact of a 50-meter asteroid would cause local damage 
equivalent to the largest nuclear weapon on Earth. Currently 
we have detected ~ 5% of an estimated 230,000 of these 
near-Earth objects.

● 150-meter asteroid would cause destruction on a regional to 
national scale. Energy released: ~50 nuclear 
bombs. Currently we have detected ~45% of an estimated 
24,000 of these near-Earth objects.

● 300-500-meter asteroid would cause destruction on a 
continental scale. Energy released: ~1000 nuclear 
bombs. Currently we have detected ~68% of an estimated 
3500-7200 of these near-Earth objects. (note the size of the 
error bar).

● 1000-meter asteroid would cause global effects with many 
millions dead. Energy released: ~8000 nuclear 
bombs. Currently we have detected ~95% of an estimated 
940 of these near-Earth objects, leaving ~50 undetected.

Barringer Impact Crater, Arizona, USA

Crater Hole = 1.2 km diameter x 180 meters deep 

50M IMPACT



Killer Asteroids –
Status Today

•Analysis of data obtained by NASA’s DART 
investigation team shows the spacecraft's 
kinetic impact with its target asteroid, 
Dimorphos, successfully altered the 
asteroid’s orbit.

We can redirect asteroids away from 
Earth …

IF we can find them 
early enough.
That’s where solar system 
infrastructure comes into play.

https://www.nasa.gov/feature/nasa-dart-imagery-shows-changed-orbit-of-target-asteroid


Whether on Earth or Beyond … 

What does it mean to be human?

This is the story 
of the only life in the universe we know, 

in our first generations 
beyond the planet of our origin.  

You ain’t seen nothing yet.



When we go to other worlds … 
One of two remarkable things 

Will happen.

Either we will find alien life, 
in which case first contact will be 
made, and we will never view the 

universe 
In the same way again.

Or

We will be the origin of life on that 
world and we will never view 

ourselves 
the same way again.

It is hard to determine 
which will be more profound,

Or important

Author’s Note by Lynn Harper
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