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Uplatnenie vysledkov projektu

Vysledky projektu maju obrovsky vyznam pre porozumenie vztahov medzi mikro-otrasmi
mozgu u Spoertovcov a ich biochemickymia kognitivnymi dopadmi. Viysledky projektu maju
potencial prispiet’ k zlepSeniu bezpecnosti Sportu v SR a k predchadzaniu nepriaznivych
dopadov na zdravie. Vysledky dalej vytvorili viacero novych smerov vyskumu. avyskumnych
hypotéz, ktoré budu dalej skimané a polozili zaklad pre SirSie konzorcium, ktoré sa
vyskumu tejto problematiky v SR planuje dlhodobejSie a detailnejSie venovat.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Vysledky experimentu u futbalistov, futbalistiek a exprimentu u hokejistov priniesli v doméne
dopadov na kognitivne funkcie porovnatelné a konzistentné vysledky. Tak fyzicka aktivita
sama o sebe (teda bez hlaviCkovania a fyzického kontaktu), ako aj fyzicka aktivita spojena s
hlavickovanim a fyzickym kontaktom (predpoklad mikro-otrasov mozgu) ukazuje znizenu
hladinu kognitivnych funkcii po aktivite v porovnani s ich uroviou pred aktivitou. Tento
rozdiel je vyraznejSi v pripade tréningovych jednotiek spojenych s predpokladanymi mikro-
otrasmi mozgu (hlavi¢kovanie u futbalistov a fyzicky kontakt u hokejistov). Nase vysledky
teda konzistentne v troch kohortach Sportovcov pod strikine kontrolovanymi
experimentalnymi podmienkami poukazuju na vplyv fyzickej aktivity a dodatocny vplyv
predpokladanych mikro-otrasov mozgu na kognitivne funkcie Sportovcov. Tieto vysledky su
taktiez konzistentné s vysledkami biochemického vyskumu a analyz, ktoré boli
implementované v ramci tohoto projektu.

V pripade 3 mikroRNA sme pozorovali zmeny v désledku oboch tréningovych jednotiek,
teda aj hlavickovania. Predpokladame, Ze tieto mikroRNA su asociované s cvicenim. U
hlaviCkujucich Sportovcov sme identifikovali 11 mikroRNA, ktorych zmeny profilu boli zavislé
od fyzickej zataze. Osem miRNA korelovalo s hodnotami Tau, s pomerom p-Tau181/Tau, s
percentom maximalnej srdcovej frekvencie, s vysledkami TMT-B testov kognicie a s po¢tom
hlavi€iek po¢as tréningu hlavi¢kovania.V zavere mozno zhrnut, Ze sme identifikovali sadu
Specifickych mikroRNA, asociovanych s podprahovymi otrasmi hlavy, ktoré naznacuju na
molekularne procesy potencialne veduce k spusteniu neurodegenerativnych kaskad v
rizikovej skupine fudi.

Zistili sme, Ze po fyzickej zatazi dochadza k upregulacii hladin 19 mikroRNA. Ide prevazne
o mikroRNA asociované s kardiovaskularnym systémom a kostrovym svalstvom, ¢o
zodpoveda naSmu experimentu. Na zaklade vysledkov bioinformatickej analyzy, ktora bola
urobena z vysSie uvedenych dat predpokladame, Ze vplyvom podprahovych otrasov hlavy
moze dochadzat ku zmenam v metabolizme neurénov, ktoré su typické pre traumatické
posSkodenie mozgu.

Vyrazné zvySenie hladiny fosforylovaného tau proteinu (pT181) v plazme hracov po
fyzickom tréningu a miernom otrase hlavy je prekvapivé. Takéto zvySenie nebolo predtym v
literature publikované. Vysledok sme neoCakavali predovietkym u cviCiacej kohorty, pretoze
fosforylacia tau proteinu je typicky spojena s traumatickym po$Skodenim mozgu a navyse je
to jeden z vyznamnych kandidatov pre v€asnu diagnostiku AD a prognosticky biomarker
demencie Alzheimerovho typu.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

In terms of cognitive consequences, the findings of the experiments with football and hockey
players were similar and consistent. Both, physical activity as well as physical activity where
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sub-concussions were assumed that (E.g., the addition of headings in football players and
physical contactin hockey players) suggests a decrease in cognitive function after the
activity, compared to levels prior to the activity. The difference in cognitive function is more
pronounced in case of activity with an addition of assumed sub-concussions. We conclude
that our findings, under strictly controlled experimental conditions in three different cohorts
of sports players, consistently suggest an association between physical activity (with an
additional effect of heading and physical contacts) and cognitive function of sports players.
Furthermore, these findings are also consistent with the findings of the biochemical research
and analyses conducted within this project.

| case of 3 microRNAs we have observed changes as a consequence of both experimental
training units — e.g. including the unit with heading exercises. In football players performing
headings we have identified 11 micoroRNAs changes of which were associated with the
level of physical activity. Eight micro RNAs correlated with values of Tau, with the ratio of
pTau181/Tau, with the percentage of maximum heart rate, with the findings of the cognitive
tests (TMT A and B) and with the number of headings during the training exercise. Here we
conclude that we have identified a set of micro RNAs associated with sub-concussions
which suggest molecular processes potentially leading to triggering neurodegenerative
processes in risk-groups.

We have also found that after physical activity an upregulation of the levels of 19 micro
RNAs is observed that are associated with the cardiovascular system. Based on the
bioinformatical analysis that was conducted using these findings we assume that in
association with sub-concussions, changes in metabolism of neurons can be induced that
are typical for traumatic brain injuries. Substantially elevated levels of tau protein (pT181) in
the plasma of players and cub-concussions is a surprising finding. Such elevation has not
been reported previously. We have not expected this finding, especially in the cohort that did
not engage in heading exercises as these markers are typically associated with traumatic
brain injuries, and in addition pT181 is one of the prime candidates for early diagnosis of
Alzheimer’s disease and a biomarker for dementia of Alzheimer’s type.
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