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LONG-TERM SPACEFLIGHT

Abstract

Spaceflight factors such as microgravity, radiation, confined environments, changes in physical activity
and in biological circadian rhythms pose health risks to astronauts. NASA’s spaceflight risk assessment
report highlights the potential for arrhythmia and venous thromboembolism. At the same time, space
missions require a high level of performance while maintaining the body’s adaptive reserves throughout all
stages of the mission. Blood proteome analysis can provide a comprehensive picture of changes in various
physiological systems of the body, including the levels of hemostatic proteins and proteins associated with
endothelial function. Previously, in head-down bed rest, we identified changes in the levels of proteins
associated with an increase in coagulation potential and modulation of endothelial function, despite a
short period of exposure. Therefore, it is crucial to analyze the proteomic composition of cosmonauts’
blood directly during long-duration spaceflight. This study, which examined cosmonaut blood collected
aboard the ISS RS in the form of dried spots, exemplifies an innovative approach, as it involves collecting
samples during spaceflight and analyzing them using proteomics methods. For the study, capillary blood
samples were collected from cosmonauts twice during the pre-flight period. During the flight, the samples
were collected three times (5-7 days after the start of the flight, at the third and sixth month of the
flight); and four times post-flight. A semi-quantitative protein analysis was performed, as well as targeted
quantitative chromatograph mass spectrometry (HPLC-MS) analysis with multiple reaction monitoring
(MRM) using stable isotope-labeled synthetic internal standards (SIS) comprising a panel of 270 peptides.
Proteomic analysis revealed decreased levels of peptidase inhibitors, high-density lipoprotein components,
and extracellular matrix fibril proteins throughout the flight compared to the average group parameters
during the pre-flight period, as well as proteins involved in iron transport starting from the third month
of the flight. Increased levels of insulin-like growth factor-binding proteins were detected during the flight.
At the same time, decreased levels of hemostasis proteins were detected: fibrinogen, thrombospondin 1,
and coagulation factor XII. Return to Earth after a prolonged spaceflight resulted in increased levels of
vascular endothelial damage proteins, as well as an increase in blood coagulation potential, as evidenced by
increased levels of fibrinogen chains, thrombospondin 1, and hyaluronan-binding protein 2. These results
substantiate the need for careful monitoring of hemostasis parameters, as well as endothelial function,
during flight and during the recovery period. This study was supported by grant No. 25-44-02045 from
the Russian Science Foundation, https://rscf.ru/project/25-44-02045.



