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Research Background

Spaceflight Health Hazards

• Microgravity (weightlessness)

• Space radiation

• Cardiovascular & fluid shift

• Sensorimotor & vestibular 
changes

• Immune system & 
microbiology

• Psychological & behavorial 
issues

• Environmental hazards



#1 Prior Microgravity Research with 
2D iPSC-CMs

2D iPSC-CMs (2016)

• Calcium Mishandling

• Transcriptome Remodeling

3D EHTs

• Tissue on a chip 1.0

• First Flight

3D Cardiac 
Spheroids

• Tissue on a chip 2.0

• Second Flight

Wnorowski & Sharma et al.
Stem Cell Reports 2018

SpaceX CRS-9 (July 2016)



#2 Prior Microgravity Research with 
3D iPSC-Engineered Heart Tissues (EHTs)

2D iPSC-CMs (2016)

•Calcium Mishandling

•Mitochondrial Remodeling

3D EHTs (2019)

•Tissue on a Chip 1.0

•First Flight

•Mitochondrial Remodeling

3D Cardiac Spheroids (2023)

•Tissue on a Chip 2.0

•Second Flight

SpaceX CRS-18 (July 2019)



#3 Prior Microgravity Research with 
3D iPSC-Cardiac Organoids (COs)

2D iPSC-CMs

•Arun Sharma

•[Wnorowski et al., 2019]

•Calcium Mishandling, 
Mitochondrial Remodeling

3D EHTs

•Tissue on a chip 1.0

•First Flight

•Mitochondrial Remodeling

3D Cardiac Spheroids (2023)

• Tissue on a Chip 2.0

• Second Flight

• Increased Makers for 
Inflammation  

SpaceX CRS-27 (March 2023)



Project Overview
 Project Goal: To understand the impact of microgravity exposure on 

cardiovascular homeostasis and identify effective countermeasure(s).

 UG3 Period: To develop automated platforms for longitudinal profiling 
of 3D vascularized cardiac organoid during spaceflight.

 UH3 Period: To test candidate countermeasure for spaceflight-induced 
cardiovascular complications by inflammation & aging.



Milestones in Aim 1 [Months 1-6]

Aim 1: Develop an automated platform to monitor cardiovascular 

homeostasis and inflammation 

 Generation of triple-reporter iPSC lines 

 TNNT2-eGFP (cardiomyocyte)

 CDH5-mCherry (endothelial cell)

 ISRE/GAS-BFP (interferon-stimulated response element)/(gamma-

activated sequence

 Reporter response to IFN-γ, TNF-α, and IL-6 stimuli

 Differentiation of 3D vascularized iPSC-cardiac organoids



Science 2025



Implementation Partner: Space Tango

Space Tango operates permanent facilities on the ISS, including TangoLab, which houses 
CubeLab—self-contained, automated units that enable researchers to conduct experiments under 
microgravity with minimal crew intervention. Each CubeLab is composed of 12 customizable 
wells, allowing for various cell culture platforms (such as brain organoids). These units are 
equipped with high-resolution phase contrast and fluorescence cameras, enabling real-time 
imaging and data capture of experiments conducted in space.



Shared Resources: Human iPSC Biobank

1) World’s largest biorepository of 2,500+ iPSC lines from patients with different 

medical history, ethnicity, sex, and isogenic lines using CRISPR genome editing.

2) Link to medical information using clinical database

3) Perform multi-omics of human population using iPSC derivatives

4) Understand how human genetic variants impact drug response phenotypes. 

5) Working with the FDA CERSI on drug safety testing 

6) Robust sharing resource plan with the broader scientific community.



Shared Resources: AI & Molecular Docking Platforms 

Library of compounds

Sample chemical space
w/ library of compounds

Conceptual Overview of Molecular Docking

Dock 
molecules 

Autodock 

Vina
Score and Rank 

molecules

Multi-dimensional analysis for drug-like properties

On-Target(s) &
Off-Target(s)

Refine 
Docking

Boltz-2

Greenstone ADMET-AI Molecular Dynamics (MD) simulations

GROMACS



Drug Discovery Pipeline: From Genomics 
to In Silico to In Chemico to In Vivo Target Validation 



Cell 2022 (Genistein)

Ex #1



Studying the Effects of Cannabis on Vasculature (SECV) 

NCT05581368

Mark Chandy



Cell 2024 (Artesunate)

Multiscale Drug Screening for Cardiac Fibrosis Identifies MD2 as a Therapeutic TargetEx #2



Josh Mooney



Enriched expression of mechanosensor SRC

in cardiac stroma (vs other cell types)

Human Heart Cell Atlas, Nature (2020)

Selective Inhibition of Stromal Mechanosensing Suppresses Cardiac Fibrosis

Nature 2025 (Saracatinib)

Ex #3



Patient iPSCs Genomics & CRISPR AI/ML Drug Discovery

Human iPSC lines =

“biological twin”

“Digital twin” dataset

High-throughput wet-lab 

experiments and 

imaging

Single cell RNA 

sequencing

Differential gene 

expression

Novel molecular target

Novel drugs

Repurposing of drugs

Pathway enrichment 

analysis

Molecular docking

Molecular Dynamics 

(MD) simulations

In silico ADMET 

prediction

iPSCs

Cardiac cells

Neurons

Hepatocytes

Nephrons

Skeletal muscles

Tissue Chips in Space 2.0: Identify and Develop Therapeutic 
Targets to Mitigate Microgravity Cardiovascular Inflammation



More Information 

& Registration 
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