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The specific purpose of the research proposed here is to determine the proteins that are potentially released into the
blood stream by the lining of the human vasculature in response to exposure to space radiation. This would create a
useful database for radiobiology studies and comparisons with the proteins secreted in astronaut blood. Such proteins
have the potential to cause pathological processes such as inflammation, they are also spread around the body in the
blood, and are important factors in many pathologies. The microvasculature permeates all tissues at the microscopic
level so the whole body is a target for charged particles. A single heavy ion particle would be expected to traverse many
microvessels as it passes through the body causing a more widespread response. Studies on the effect of different
charged particles on human 3D microvessel models shows that both developing and mature microvessels lose structure
and function after exposure to very low doses of various charged particles. Mature microvessels lose structure detectible
as low as 1.25 cGy. Angiogenesis, the growth of new vessels, is inhibited by light ions and heavy ions detectible at 1.25
¢Gy. Even more striking, the combined effect of each ion has a synergistic effect detectible as low as 0.6 cGy. The low
fluence of these doses indicates a bystander effect where the response is transmitted to other cells and such a mechanism
would involve the secretion of molecules by the target cell. We propose to use proteomics and other techniques to
determine the proteins secreted by the human microvessel models. A database of these proteins secreted by human
tissue models would not only be of great use to a number of researchers investigating a diverse number of pathologies
related to space radiation but also provide insights into the mechanisms of the vascular response to charged particles.
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Amended Aims—November 2019

Additional aims were included for the determination of relative biological effectiveness (RBEs) for the 5 ion galactic
cosmic radiation (GCR) simulations.

Aim 1. Create RBEs for the vascular damage endpoints.

Aim la Carry out Gamma radiation studies at Brookhaven National Laboratory (BNL) for the determination of reference
RBE:.

Aim 1b Carry out charged particle studies at BNL for the determination of RBEs.

Aim 2. Identify the proteins secreted by the endothelial cells during angiogenesis and in mature human 3 D micro-vessel
tissue models in response to radiation.

Aim 2a Development of the proteomics assay.

Aim 2b Identify the proteins secreted by the endothelial cells during angiogenesis and in mature human 3 D
micro-vessel tissue models in response to gamma radiation.

Aim 2c Identify the proteins secreted by the endothelial cells during angiogenesis and in mature human 3 D
micro-vessel tissue models in response to the Simplified GCR sim.

Note information below is from report submitted to Human Research Program November 2019.
1) By the summer of 2019 Aims la and b had been partially carried out for Mature vessels.

2) Aim la and 1b for developing microvessels (angiogenesis) were not yet completed. The new protocol requested by
NASA that entails remaining at Brookhaven for an extra day does not appear to be compatible with microvessel growth.
The reasons for this are unknown but we continued to trouble shoot the assay through the summer.

3) By the Fall run (19C — the last possible run for the current time limit) culture problems had been resolved. In the 2
visits for this run we have completed one dose response for angiogenesis in addition to proteomics samples and the
samples are now being processed.

4) Work on the sample preparation for proteomics studies has been carried out and, as expected, a scale up of the
cultures was necessary. A larger gel matrix proved to be less stable and detached from the flasks.

5) A goal of 5 samples for each condition (20 total) was set by the Proteomics expert Colnvestigator Dr. Brown. These
goals were reached by the end of the Fall (19C) run. Samples will be processed and delivered to Dr. Brown.
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