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Approximately 29% of astronauts on short-term (~2 wk) space shuttle flights and 60% on long-duration (~6 mo)
missions to the International Space Station (ISS) are reported to have experienced some impairment in distant or near
visual acuity. These visual disturbances have been hypothesized to be related to increases in intracranial pressure (ICP)
and intraocular pressure. Modeling studies have shown that a compromise in the integrity of the vascular blood-brain
barrier (BBB) would serve to elevate ICP. While much attention has been directed toward the role of the cerebral
vasculature in elevating ICP, little work has been done to examine conditions of the vasculature in the eye and the
potential role of microgravity in altering the blood-retinal barrier (BRB), which maintains a similar function in the eye
for regulating intraocular pressure as the BBB in the cranium. One condition known to compromise the BRB is oxidative
stress. For example, in diabetic retinopathy, the leading cause of blindness in Western society, elevations in oxidative
stress compromise the BRB and increase vascular permeability in the eye. The proposed studies through the ISS Rodent
Tissue Sharing Opportunity will provide new and important information regarding the effects of spaceflight on oxidative
stress in the eye and its potential deleterious effects on the BRB.

Through the collection of 300 post-flight questionnaires, it has recently been reported that approximately 29% of
astronauts flying short-duration missions and 60% of astronauts on long-duration missions experience an impairment of
distance and near visual acuity. Furthermore, some of these changes remain degraded for years after flight. It is hard to
imagine a more severe, prevalent, and potentially intractable condition threatening human space exploration than the loss
of visual acuity. In 2010, NASA Space Life Sciences at Johnson Space Center in Houston held a Visual Impairment
Intracranial Pressure (VIIP) Summit of leading clinicians and scientists with expertise in ophthalmology and cerebral
fluid dynamics, and it was hypothesized that the visual impairment experienced by astronauts was the result of a
microgravity-induced cephalad fluid shifts and corresponding increases in ICP and intraocular pressure. The proposed
studies will provide new and important information regarding the effects of spaceflight on oxidative stress in the eye, its
potential deleterious effects on the blood-retinal barrier and, consequently, factors that may function to increase
intraocular pressure. In addition, understanding the relation between oxidative stress in the eye and disruption of the
blood-retinal barrier may provide new insight into other conditions that affect visual acuity, including diabetic
retinopathy, the leading cause of blindness in Western society, where elevations in oxidative stress compromise the
blood-retinal barrier and increase vascular permeability in the eye.

Rodent Research-1 (RR-1) Study 1: From the RR-1 mice, the retinas were isolated from the frozen eyes under rapid
thaw process. RNA/DNA were extracted from the retina. QC data showed that the samples are suitable for RNA
sequencing. These studies are currently in progress.

JAXA (Japan Aerospace Exploration Agency) MHU-1 Study 2: Results from this study have been published and
demonstrate that spaceflight induces apoptosis in retinal vascular endothelial cells. We also identified
spaceflight-induced changes in proteomic profiles and pathways in the ocular tissue. The results indicate that spaceflight
induces changes in neuronal structure, cellular organization, mitochondrial function and oxidative phosphorylation and
inflammation, which in turn, may lead to tissue injury and late neurodegeneration. This study is the first to investigate
the role of artificial gravity provided by centrifugation during spaceflight as a countermeasure for mitigating putative
effects of microgravity on ocular structure and function.

Further studies will be continued on the JAXA MHU-1 eyes to estimate the effects of spaceflight with and without
artificial gravity on blood-retinal barrier function. These studies will be performed in parallel with the same measures
performed on eyes obtained from a JAXA MHU-2 mission. Once we have the control tissue specimen in our possession
we will commence with processing and data collection.
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