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Task Description:

Radiation exposure is known to result in degenerative effects on the cardiovascular system, resulting in ischemic heart
disease and strokes and includes the development of atherosclerosis. Data from low-LET (linear energy transfer)
exposures, including from radiotherapy, occupational, and environmental exposures, show a dose-dependent effect.
However, only a few studies have examined the effects of heavy ion radiation on atherosclerosis, and at lower,
space-relevant doses, the association between exposure and cardiovascular pathology is more varied and unclear. To
date, there has been very limited use of in vitro coculture systems that include multiple cell types for space radiation risk
assessment of degenerative cardiovascular diseases. The objective of this work was to utilize an innovative, tissue
engineering approach to address the Human Research Program (HRP) Space Radiation Degen-1 knowledge gap with the
development of cocultures of human endothelial cells and smooth muscle cells using hydrogel scaffolds. These 3D
models can be used to profile the effects of radiation on markers of endothelial dysfunction, an important and early
indicator of heart disease. 
  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

Development and validation of this model will allow for the quantitative assessment of the degenerative risk of radiation
exposure on heart disease and allow for countermeasure screening without the use of animals. This has direct relevance
to radiation-related cardiotoxicities that are being observed in the clinic, either due to radiotherapy for cancer treatments,
occupational exposures to cardiologists, or by environmental exposures from nuclear accidents. 
  

Task Progress:

We have developed a pilot vascular co-culture model that incorporates human coronary artery smooth muscle cells
(hCASMCs) into the body of a PEG hydrogel and human coronary artery endothelial cells (hCAECs) on to the surface
of the hydrogel. The hydrogel is functionalized with two different peptides to facilitate degradation by the SMCs and
adhesion of the ECs (endothelial cells). Optimized seeding densities for the two cell types was established. We tested the
feasibility of using the co-culture hydrogels as a model to study radiation-induced atherosclerosis by irradiating the
hydrogels with gamma irradiation and costaining with alpha-smooth muscle actin and markers of DNA damage
(53BP1). Further experimentation revealed that staining for an endothelial marker such as CD31 allowed for easier
differentiation between the cell types. The co-culture gels were stained to visualize cell nuceli, alpha-SMA, and 53BP1.
Foci formation has been quantified over a time course of 24 hours. Markers of endothelial dysfunction will also be
quantified. 
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