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RESUMO

Introdugdo: A medicina espacial estuda alteragdes fisioldgicas que
ocorrem em humanos durante voos de Orbita terrestre baixa e nos voos
extraplanetarios, incluindo as expedi¢des para a lua e marte. Neste cenario, a
energia idnica advinda do sol e outros corpos celestes, causa danos nos tecidos
corporais através da lesdo direta com mutagdées no material genético e da morte
celular por lesdo indireta com a formacgao de radicais livres. O estudo dos efeitos
carcinogénicos da radiagao high-let e do mecanismo de reparo do DNA celular
nos astronautas durante as missdes espaciais se faz necessario para o
desenvolvimento de tecnologias que previnam a exposi¢cao desses profissionais
a radiagcédo. Objetivo(s): Este trabalho tem por objetivo explicar os principais
mecanismos fisiopatologicos envolvidos na instabilidade genémica secundaria a
exposi¢ao crénica a radiagdo galactica. Metodologia: O presente estudo trata-
se de uma revisao narrativa sobre mecanismos de lesao e reparo do DNA celular
em astronautas durante as missdes espaciais.. Foram feitas buscas nas bases
de dados online SciELO e Pubmed, usando “lesao”, “DNA” e "radiacdo cosmica”
como descritores e seus correspondentes em inglés. Obteve-se um total de 10
artigos, contudo, apenas 4 desses foram incorporados a analise e discussao dos

resultados. Os critérios de inclusao foram: publicagdes entre os anos de 2010 e
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2020 e trabalhos cujos resumos citaram alteragdes gendmicas provocadas pela
radiacao cosmica. Resultados: A exposi¢cado a radiagdo cosmica € um dos
maiores contrapontos relacionados a ida do homem para Marte. A dificuldade
em dosar a quantidade de radiagdo absorvida pelos astronautas e o pouco
conhecimento sobre o mecanismo de reparo genémico durante as viagens
espaciais sinalizam a importancia de mais estudos na area a fim de prevenir
carcinogénese em cosmonautas. O sol e os demais corpos celestes emitem um
tipo de radiagdo conhecida por high-let cuja interagdo com estruturas biolégicas
do DNA provoca a mobilizagdo de proteinas de reparo, ativagdo de citocinas
inflamatdrias e remodelamento do microambiente celular, sendo as aberracdes
cromossOmicas um dos principais efeitos da radiagado sobre o material genético
humano. Existem 3 vias principais de reparo na fita dupla de DNA que podem
ser afetadas pela radiac&o: juncédo de extremidades n&do homodlogas (NHEJ);
rearranjo cromossOmico por proteinas de reparo e via de reparo homologo direto
(menos atuante). A exposi¢cao a ions energéticos pesados provoca mudancgas
nas principais vias de reparo de dupla fita em mamiferos (NHEJ e via proteinas
de reparo) ocasionando quebra da fita dupla de DNA no locus EML4 e ALK com
a posterior jungdo de ambos para a formagado de um oncogene EML4-ALK. O
tecido hematopoiético € bastante radiossensivel e apresenta maior probabilidade
de sofrer danos nos mecanismos de reparo do DNA das suas células
progenitoras na medula vermelha levando o desenvolvimento de leucemia pos
irradiacédo . Conclusao: A compreensao dos mecanismos de reparo envolvidos
na exposicao humana a radiacdo cosmica € necessaria para o aprimoramento
de tecnologias que possibilitem viagens interplanetarias seguras com menor

risco de carcinogénese e efeitos deletérios ao DNA dos astronautas.
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ABSTRACT

Introduction: Space medicine studies physiological changes that occur in
humans during low earth orbit and extraplanetary flights, including expeditions to
the moon and Mars. In this scenario, ionic energy from the sun and other celestial
bodies causes damage to body tissues through direct injury with mutations in
genetic material and cell death through indirect injury with the formation of free
radicals. The study of the carcinogenic effects of high-let-radiation and the
mechanism of repair of cellular DNA in astronauts during space missions is
necessary for the development of technologies that prevent the exposure of these
professionals to radiation. Objective(s): This work aims to explain the main
pathophysiological mechanisms involved in genomic instability secondary to
chronic exposure to galactic radiation. Methodology: This study is a narrative
review on mechanisms of injury and repair of cellular DNA in astronauts during
space missions. Searches were made in the online databases SciELO and
Pubmed, using "lesion" , "DNA" and "cosmic radiation" as descriptors and their
correspondents in English. A total of 10 articles were obtained, however, only 4
of these were incorporated into the analysis and discussion of the results. The
inclusion criteria were: publications between the years 2010 and 2020 and papers
whose abstracts cited genomic alterations caused by cosmic radiation. Results:
Exposure to cosmic radiation is one of the major counterpoints related to man's
journey to Mars. The difficulty in measuring the amount of radiation absorbed by
astronauts and the little knowledge about the mechanism of genomic repair
during space travel signals the importance of further studies in the area in order
to prevent carcinogenesis in cosmonauts. The sun and other celestial bodies emit
a type of radiation known as high-let-like radiation whose interaction with
biological structures of DNA causes the mobilization of repair proteins, activation
of inflammatory cytokines and remodeling of the cellular microenvironment,
chromosomal aberrations being one of the main effects of radiation on human
genetic material. There are 3 main repair pathways in the DNA double tape that
can be affected by the radiation: junction of non homologous extremities (NHEJ);
chromosomal rearrangement by repair proteins and direct homologous repair

pathway (less active). The exposure to heavy energetic ions causes changes in



"Novas fronteiras da Ciéncia Brasileira:
» Inteligéncia Artificial, Distanciamento
< - ] ]
3 Social e Desigualdades
S

=  SEMANA DE PESQUISA DA UNIT < 09 al2de novembro de 2020

the main repair pathways of double tape in mammals (NHEJ and via repair
proteins) causing the breaking of the double tape of DNA in the locus EML4 and
ALK with the subsequent junction of both for the formation of an oncogene EML4-
ALK. The hematopoietic tissue is very radiosensitive and presents greater
probability of suffering damages in the mechanisms of DNA repair of its
progenitor cells in the red bone marrow leading to the development of leukemia
after irradiation. Conclusion: The understanding of the mechanisms of repair
involved in human exposure to cosmic radiation is necessary for the improvement
of technologies that allow safe interplanetary travel with less risk of
carcinogenesis and deleterious effects to the DNA of astronauts.
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