
Project Summary  
 
Overview 

This research hypothesizes that the uniquely favorable conditions for three-dimensional cellular self-
organization in microgravity onboard the ISS National Lab will allow formation of a microvascular 
network within self-assembled liver parenchyma that feeds into a central macro blood vessel.  To test this 
hypothesis, in Goal 1, liver organoids composed of human induced pluripotent stem cell-derived 
hepatocytes, umbilical vein endothelial cells, and mesenchymal stem cells will be cultured within tissue 
culture chambers modified with a single hollow fiber with microfluidic perfusion.  The surface of the 
hollow fiber will be functionalized with a pro-angiogenic biomaterial and, thereby, serve as the central 
blood vessel on which the organoids coalesce.  In Goal 2, the imaging surface of tissue culture chambers 
will be functionalized with a supportive matrix, with or without a pro-angiogenic gradient, for organoids 
to attach so that formation of the microvasculature in microgravity is observed in real-time by live-cell 
time-lapse fluorescence confocal microscopy.  At the end-point, structure and function of the vascularized 
liver tissues will be evaluated by histology, immunohistology, and transcriptomics. In addition, live cell 
return is proposed in Goal 1 so that the liver tissue constructs can be xenotransplanted into immune-
deficient rodent models to test in vivo function.   
 
Intellectual Merit 

The intellectual merit of this proposal is based on the concept that highly-functional tissues with a built-in 
microvascular network will develop when cells are given the three-dimensional spatial freedom to self-
organize and form critical microanatomical relationships.  This research will advance knowledge by 1) 
leveraging microgravity, microfluidics, and growth-factor eluting biomaterials to create a macroscopic 
vascularized liver graft and 2) determining how microgravity impacts three-dimensional cellular self-
organization in real-time through live-cell confocal imaging.  Thus, our goals are designed to test the 
development of a tissue-engineered end product in microgravity as well as determine the cellular and 
molecular mechanisms that regulate its formation.     
 
Broader Impacts 

The broader impacts of this research are related to its aim to develop a strategy to create large functional 
tissue engineered constructs with “off-the-shelf” availability.  Achieving this would alleviate the 
morbidity and mortality associated with organ failure as well as the social injustices linked transplant 
tourism and organ trafficking.  In addition, the investigators aim to raise public awareness of the potential 
benefit of spaceflight biomedical research in the development of novel therapies for people on Earth 
through efforts in education, mentoring groups underrepresented in S.T.E.M., public outreach, and 
industry partnership. 


