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NASA AND BIOSCIENCE INNOVATION

Dr. Margulis’ theory of symbiosis in evolution was rejected
by 15 journals, and initial grant applications were firmly

A LONG HISTORY OF HEALTH SCIENCE INNOVATION dismissed (“Your research is crap, do not bother to apply

again“). But NASA was intrigued and funded her early work.

Ancestral host cell Modern cell

1971: NASA funded the groundbreaking research
by Lynn Margulis that re-wrote life-science and

evolution theory.

Aerohic bacterium Cyanobacterium Mitochondrion Chloroplast

NASA-led innovation has helped develop artificial
hearts, patient cooling suits, LEDs to guide brain
cancer surgery, programmable pacemakers,
surgical tools for cataract surgery, and more.

The Left Ventricular Assist Device was
developed with assistance from JSC engineers
— saving many hundreds of lives every year




Space and Bioscience

1. Space is becoming an
extension of the research
and manufacturing
infrastructure for the

healthcare industry.

2. Space medicine is a
required core competence
for space exploration and
sustained operations.
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Space and Bioscience

Micro-encapsulation: Particles are surrounded by a
coating to create nano-scale capsules. Microgravity
enables a far greater range of viable substances for
encapsulation and superior shell wall structure.
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Scanning electron micrograph of drug-loaded microspheres (grey)
with brain cancers cells (yellow) and released drug therapy (purple)




Techshot: “On Earth, when attempting to print with soft,

. . ily flowing bi terials that bett imic the body’
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exte nsion Of t h e researc h - resul.ting in little more thal.v a puqdle. Buf if thes.e same
. materials are used in space in a microgravity environment,
an d Manu fa Ctu FIN g 3D-printed soft tissues will maintain their shape.”
infrastructure for the
healthcare industry.

techShot

2. Space medicine is a
required core competence
for space exploration and
sustained operations.

Techshot 3D BioFabrication Facility (BFF) on board the ISS



Space and Bioscience

“An ESA-led project is investigating the use of 3D

bioprinting to support medical treatment of long-

1 ] S p ace | S b ecom | N g an duration space expeditions and planetary settlements.”
extension of the research g ———reCrate o Technoogy Newsltter Noverber 2018
and manufacturing '
infrastructure for the
healthcare industry.

2. Space medicine is a
required core competence
for space exploration and‘
sustained operations.




Space and Bioscience

. . Hospital ultrasound Ultrasound systems optimized
1. Space is becoming an workstation : |

for spaceflight constraints

extension of the research
and manufacturing Miniaturize
infrastructure for the
healthcare industry.

2. Space medicine is a & - e
required core competence ’ e
for space exploration and L
sustained operations. i Bl <reccec A guics che

medical officer to capture

(with results that usually have terrestrial optimal images.

benefits to the human condition)




& WHAT ASTROSKIN MONITORS s
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Astronaut Health: The Two New Imperatives

1. Enable exploration and sustained operations by keeping 2. Enable space commerce by adressing the health
astronauts healthy during long-duration deep space missions requirements of civilian crew and passengers.
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The Twin Study

“I lost bone mass, my muscles
atrophied, and my blood
redistributed itself in my body,
which strained and shrank the
walls of my heart.

| experienced problems with my
vision, as many other
astronauts had. | had been
exposed to more than 30 times
the radiation of a person on
Earth, equivalent to about 10
chest X-rays every day. This
exposure would increase my risk
of a fatal cancer for the rest of
my life.” [Scott Kelly]

Scott Kelly (L) and his

identical twin brother

Mark (R) in the 1-Year
Twin Study Mission







Astronaut Health Risks... Visit vs. Stay

Apollo 16 astronauts on the
Moon just before the
August 1972 solar flare.

Credits: NASA




Clear and
Present
Health Risk

Astronaut Health

Solid Foundation of Al Affinity
Data Assets






Concept study: Mars Artificial Gkévity '
Transfer Vehicle [Credit: NASA]  *






Distance — Intervention Protocols

The view from LEO (last 50 years)...

« On the ISS - stabilize and evacuate

« Soyuz descent capsule can separate from the ISS
within 3 minutes

« Time from evac decision to landing is 3.5 hours

« In Deep space - autonomous medical capability
* No evac, no rescue
« On board flight medical officer

« Communication delays and occultations prevent
“conversational” medical support. -

12 light minutes
0. .
Earth each way WIETS
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@ Astronaut Health
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Astronaut Health... and Al
/_Environmcnml—-——— Simulated Stressors &

Measurements Flight Experiment
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@Medicine and Artificial Intelligence

« Al: The science of making computers behave in ways
that we thought required human intelligence until we
saw a computer do it.

deep learning

\ machine learning

predictive analytics

translation

classification & clusterlngk natural language
processing (NLP)

y

information extraction

speech to text e :
< Artificial Intelligence

(Al)

speech
text to speech

NV_\

expert systems

planning, scheduling &
optimization

robotics

image recognition

. “N\__Vision
machine vision D




®/Medicine and Artificial Intelligence

« Al: The science of making computers behave in ways
that we thought required human intelligence until we

saw a computer do it.

Artificial Intelligence

Machine Learning

Deep Learnmg A subset of Al that Any techique that
E enables computers
includes abstruse

Its not magic“" just fancy The subset of machine learning Bilcmnbosh e
statistical techniques

composed of algorithms that permit : : .
that enable machines Rl

StatIStICS, matrlx a Igebra’ a nd sqftware to train.itself to perfo.rr.n tasks, : logic. if-then riles,
like speech and image recognition, by to improve at tasks diciciontrocs and

o H : exposing multilayered neural networks to with experience. The : e
non Ilnear funCtlons' vast amounts of data. category includes nz;cci;;r:j?r::zr:;:g

deep learning eamiog




Medicine and Artificial Intelligence

« Al: The science of making computers behave in ways
that we thought required human intelligence until we

saw a computer do it.

Visualization of Neural Network for Number Recognition

Artificial Intelligence

Machine Learning

Deep Learnmg A subset of Al that

The subset of machine learning includes abstruse
composed of algorithms that permit statistical techniques
software to train itself to perform tasks, that enable machines
like speech and image recognition, by to improve at tasks
exposing multilayered neural networks to with experience. The
vast amounts of data. category includes
deep learning

Any technique that
enables computers
to mimic human
intelligence, using
logic, if-then rules,
decision trees, and
machine learning
(includingdeep
learning)




Medicine and Artificial Intelligence

« Al: The science of making computers behave in ways
that we thought required human intelligence until we

saw a computer do it.

Visualization of Neural Network for Number Recognition

Artificial Intelligence

Machine Learning

Deep Learning

The subset of machine learning
composed of algorithms that permit
software to train itself to perform tasks,
like speech and image recognition, by
exposing multilayered neural networks to
vast amounts of data.

A subset of Al that
includes abstruse
statistical techniques
that enable machines
to improve at tasks
with experience. The
category includes
deep learning

Any technique that
enables computers
to mimic human
intelligence, using
logic, if-then rules,
decision trees, and
machine learning
(includingdeep
learning)




®Medicine and Artificial Intelligence

« Al: The science of making computers behave in ways

that we thought required human intelligence until we
saw a computer do it.
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A Normal ECG complex, the TP or PR is used 10 define the isoslectric Iine. ST-segment is measured at 60-80 ms
afer e J point

B ST elevation- the ST-segment is abnormally raised at a measuremaent of 60-80 ms after the J point
C ST depression- the ST-segment is abnormally depressed 60-80 ms after the J point

D  T-wave nvorsion desceides o T wave of regular morphology but negative polasity. It is often referred 10 as
Npped® Lo bolow the isoslectric Ine
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Medicine and Artificial Intelligence

« Al: The science of making computers behave in ways
that we thought required human intelligence until we

saw a computer do it.

mNUJ\fV

A Normal ECG complex, the TP o PR s used 10 define the isoslectric Ine. ST-segment is measured at 60-80 ms

» ST-Segment Deviation

afer e J point

B ST elevation- the ST-segment is abnormally raised at a measuremaent of 60-80 ms after the J point
ST- depression- the ST-segmaent is abnormally depressed 60-80 ms after the J point
D  T-wave nvorsion desceides o T wave of regular morphology but negative polasity. It is often referred 10 as
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The ECG dataset

raw_ecg_rdd = sc.textFile( '/opt/SparkDatasets/ecg/ecg.csv’ )

print raw_ecg_rdd.take(5)

ecg_ rdd @ =\

raw_ecg_rdd \

.map( lambda s: s.split(",") ) \

.map( lambda 1: ( int(1[@]), int(1[1]) ) )

print ecg_rdd_e.take(15)

ecg_rdd_1 =
ecg_rdd_2 = ecg_rdd_@.map( lambda (i, v): (i + 2,
ecg_rdd_3 = ecg_rdd_@.map( lambda (i, v): (i + 3,

print ecg_rdd_1.take(15)
print ecg_rdd_2.take(15)
print ecg_rdd_3.take(15)

ecg_rdd_e \
.groupWith( ecg_rdd_1, ecg_rdd_2, ecg_rdd_3 ) \
.take(3)

prepared_for_pattern_matching_ecg_rdd \
.map(pattern_matching_fn) \
.collect()

close_to_final_shape_ecg_rdd = \
nraenarad €far nattern matcrhinog aro rdd

ecg_rdd_©.map( lambda (i, v): (i + 1, v



Medicine and Artificial Intelligence

) AI: The SCience Of making ComPUters behav Fun fact: Al researchers at the Mayo
that we thought required human intelligence cinicwere abe totrain a NN model

to look at 20 seconds of ECG data

saw a computer do it. and predict the gender of the

patient with 78% accuracy...
something that leading cardiologists
didn’t even know was possible.

A B Cc D

Lo 1

Diagnostic
Classification

mNUJ\fV

A Normal ECG complex, the TP o PR s used 10 define the isoslectric Ine. ST-segment is measured at 60-80 ms
afer e J point

B ST elevation- the ST-segment is abnormally raised at a measuremaent of 60-80 ms after the J point
ST- depression- the ST-segmaent is abnormally depressed 60-80 ms after the J point

D  T-wave nvorsion desceides o T wave of regular morphology but negative polasity. It is often referred 10 as
“Tpped™ |.e. below t™he lsoslectric Ine
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The 4-man crew of the
NASA Human Exploration
Research Analog (HERA)
mission, wearing
Astroskin biosensors
Credit: NASA

Heart Rate and E ctri
(Electro t»qr-vm

Canadian astronaut David

. v .f. k- ; ’ ’ "l‘ 'S, - ;- c‘:’.g. % 2 %
Saint-Jacques tests out Svee - . b
the Astroskin Bio-Monitor AR~ ’ — : ‘ c’nﬂjr?]i::
system on board the ISS N O i @

(Credit: CSA/NASA)

Activity Level
l - l Canadian Space  Agence spatiale
Agency canadenne



Astroskin

- ———— = - - e e e - === — -

(Mobile SIU)
Mobile Application
Local data storage

Sync + integrity
(I0S)

CSA OAWSS

—>

Socket Requests
Real-time
Streaming interface

__________________________________

NASA
MDA- Medical Data
Architecture

NASA Astroserver
(new application)

Processed
ata

Algorithms

I

Storage DB/
File system

——— - - - - - - - —— - —— — ——————— ———— ——————

Provided by CSA

Provided by NASA



@Astronaut Health Monitoring - Astroskin

Slightly elevated HR after
Good contact 20 seconds of activity

A A
r N\ d N\

& J
I h'd s

Older versions of the Astroskin didn’t maintain good
contact during robust physical activity. Newer\
model is more efféctive.

e — ECG_A\StrO_IF'rOC-UCi by timeCutAstro-08 | | | | | | !
3:54:56 3:55:01 3:55:06 3:55:11 3:55:16 3:55:21 3:55:26 3:55:31



Astronaut Health Monitoring
- Astroskin

« The Need: Address the lack of in-flight
medical data for use in crew training and to
design/test onboard systems that monitor
health of astronauts & commercial crew.

 The AI Solution: Use existing Astroskin
data to train a generative Al model to
produce additional synthetic biosensor data
extrapolated for various scenarios
and medical conditions.

MAYO
CLINIC




®Generative Al

34



®/Generative Al - Astroskin Synthetic Data

35



Generative Al - Synthetic Astroskin Data

® Generate a fusion of Astroskin and Symptomatic ECG data

® Qutput can be used to help implement & test medicial decision
support systems and train flight medical officers.

. Style Encoder Generator
Astroskin y enerre ﬂ[lﬂ']
asymptomatic l .
o | 3 Astroskin Astroskin
AN —— ] B Fusion i
usio Symptomatic Discriminator
H[ - J | \
Symptomatic
J | I . Discriminator
Clinical ”ﬂﬂ
symptomatic Content

Encoder



/FoL = Generative Al - Synthetic Astroskin Data

Clinical Atrial Fibrillation Episode Astroskin Asymptomatic
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Dimension 2
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Astronaut Health... and Al
m Simulated Stressors &

Astronaut Measurements Flight Experiment

. (Telemetry, Microbiology, oy, Tadiation)
Physiology and Dosimetry)

| Ug .. -

Environment 8 2

Biological
Measurements

X » & K

Cells — Whole Organisms
Human Tissue/Organ Models
Genetics Variation

Individual Health
Monitoring

Biological Responses

[~

Modeling & Risk Prediction

Countermeasures &
Personalized Medicine
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Astronaut Health — Radiation Carcinogensis

?A\' HUMAN RESEARCH ROADMAP HRP DATA EXPLORATION

Search Search

Home | HRP Goals and Objectives | Human Research Roadmap | HRP Organizational Structure | Acronyms | Reviews | Help

v
EVIDENCE | RISKS | GAPS | TASKS | REPORTS EXPLORE | SEARCH
b Next
4 Previous
i~ % Risk of Radiation Carcinogenesis & Print View..
Short Title: Cancer Last Published: 08/03/20 03:51:22 PM (Central) &35 PRR

Element: Space Radiation (SR)

Evidence: Report

Risk Master Logic Diagram: Not Available

Point of Contact: Janice Zawaski

HRP Risk Status: Active [current research ongoing]

Risk Ratings and Dispositions per Design Reference Mission (DRM) Catego
ategories :
Duration - Risk Disposition * Risk Disposition *
3

X

X
Lunar Visit/ : .
Deep Space ear . e

Note: LxC is the likelihood and consequence rating. The information above was last approved by
the Human System Risk Board in 2/2020. * NOTE: the "To Be Determined" dispositions indicate
"Requires Characterization", a new HSRB risk disposition not yet available in this tool.

Deep Space Sortie 1

©
Low Earth Orbit
1x1
1
1




ASTRONAUT HEALTH TEAM

l

Adrienne Hoarfrost Arno Blaas

Krittika D’Silva John Kalantari Graham Mackintosh Frank Soboczenski
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* Project goal: Develop a causality
inference model for colorectal
cancer (CRC) which could discern
the causal relationships in
multiomic data... a step towards
prophylactic prevention of cancer

instead of detection & therapeutics.

Dataset was provided by Mayo
Clinic - the largest CRC dataset in
the world, with data from 100
tumors; specifically, microbiome
data, genetic and epigenetic data,
and clinical metadata.

Al & Astronaut Health — Cancer Causal Inference

The FDL team faced many challenges...

» High dimensionality — 6.4 billion base pairs in the
human genome.

« Low sample size: High volume of data, but from
only 100 CRC patients

 Billions of correlations, but which ones are causal?
7 ()
o-x N,

Is mutation X the cause or effect of cancer
subtype Y?
Are they both effects of an unobserved

variable Z?




8-Week Sprint: “"CRISP" (Causal
Relation Inference & Search Platform)
which used an ensemble of causal
inference methods to identify causal
relationships in heterogeneous data.

Outcome Example: With no a priori
knowledge, CRISP successfully
identified the protein MYH9 as a top
feature to identify whether the CRC
causal relationships follow the
chromosomal instability (CIN)
pathway, or the less common pathway
of tumorigenesis, which is
characterized by proficient vs.
deficient DNA mismatch repair (MMR)
protein expression respectively.

"\

Al & Astronaut Health — Cancer Causal Inference

Causal
Inference
Modules

Heterogeneous Aggregated
Data Features

Microbiome

Data e
h Invariant Risk Results
Minimisation
Ensemble
Model

Genetic & 53‘ ( )
Epigenetic ]
Data %

. e,
Clinical U
Metadata

Invariant Causal

Visualizations

Deconfounder

Top 10 features when predicting PMMR_DMMR

MYH9 Promotes Growth and Metastasis via Activation of MAPK/AKT
Signaling in Colorectal Cancer

MYH9 Xigolong Q1 Liv
“MYH9 may thus be a novel biomarker and drug target in
the diagnosis and treatment of CRC.”

=) entropy_pathways 0:PMMR_DMMR

SMC1A

STAG2

non_coding_transcript_variant Myosin Heavy Chain 9: Oncogene or Tumor Suppressor Gene?

3 and Jin Yang™3AG

MGP
EIF4G3
I CASPY “Endogenous overexpression of MYH9 enhanced the

I KRTAP17-1 ability of cell proliferation and migration in vitro, and
accelerated CRC growth in mouse models.”

ALK 1:PMMR_DMMR 1



8-Week Sprint: “"CRISP" (Causal
Relation Inference & Search Platform)
which used an ensemble of causal
inference methods to identify causal
relationships in heterogeneous data.

Outcome Example: With no a priori
knowledge, CRISP successfully
identified the protein MYH9 as a top
feature to identify whether the CRC
causal relationships follow the
chromosomal instability (CIN)
pathway, or the less common pathway
of tumorigenesis, which is
characterized by proficient vs.
deficient DNA mismatch repair (MMR)
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CRISP.... What's next?

« Completed workshops with FDL

team, Mayo Clinic, NASA
GenelLab, NASA HRP Space
Radiation Element, NASA Al

Three candidate project
concepts emerged as top
contenders:

Causality Model for Radiation
Carcinogensis

Causal contributors for muscle and
bone degeneration during long
duration missions

Renal Stone Risk Prediction and
Prevention

Planetary DRM (Mars) FY15 | FY16 | FY17 | FY18 | FY19 | FY20 | FY21 | FY22 | FY23 | FY24 | FY25 | FY26 | FY27 | FY28
Risks | | 0 M3 1= : oA -
Space Radiation Exposure (Radiation)
Cognitive or Behavioral Conditions (BMed) ‘k CMs & Treatment D
Medications Long Term Storage (Stability) "\ Med Usage Understood
Vlslon Impalrmenuln(racramal Pressure (VIIP) ‘
Inadequate Food and Nutrition (Food)
Inﬂ-ghl Medical Conditions (Medical)
Human-System Interaction Design (HSID)
Bone Fracture (Fracture)
Renal Stone Formation (Renal)
Sensorimotor Alterations (SM)
Injury from Dynamic Loads (OP)
Altered Inmune Response (Immune)

Host-Microorganism Interactions (Microhost) 3x3

Injury Due to EVA Operations (EVA) | 4
3

Hypobaric Hypoxia (ExAtm)

S ——
Sleep Loss (Sleep) Key Monitoring Tox dated = -Ak Integrated Monitoring Tools & CMs Validated
' e ANANCT R AN
WA B AV

Golsal Dust Expesre Oush —A o e
T —

Orthostatic Intolerance (Ol) 3x2 —
W

A Milestone Requires ISS

A Ground-based Milestone
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