Temos pavadinimas:

Oksidaciniam stresui atspariy osteogeniniy progenitoriniy lasteliy iSskiriamy
ekstralgsteliniy pusleliy poveikis kaulinio audinio regeneracijai: in vitro ir in vivo tyrimas

Title of the topic:

The impact of extracellular vesicles derived from oxidative stress—adapted osteogenic
progenitor cells on bone regeneration: an in vitro and in vivo study

ApraSymas:

Kaulinio audinio regeneracija yra sudétingas biologinis procesas, kurio sutrikimai
palieCia milijonus zmoniy visame pasaulyje. Dideli kauliniai defektai atsiranda dél
traumy, degeneraciniy susirgimy ar onkologiniy ligy ir savaime atsinaujinti dazniausiai
nebesugeba. Siuo metu dideliy kauliniy defekty atvejais klinikingje praktikoje dazniausiai
taikomi autologiniai, alogeniniai ar ksenogeniniai kaulo transplantatai, taiau Sie
sprendimai turi nemazai trikumy — reikalauja papildomy chirurginiy intervencijy, yra
riboti tinkamo audinio Kiekiu, paciento organizme gali sukelti imuninj atsakg ar
infekcijas. D¢l Siy priezasCiy aktyviai ieSkoma naujy kaulinio audinio regeneracijos
strategijy.

Pastaraisiais metais didelis démesys skiriamas mezenchiminiy kamieniniy Igsteliy
(MKL) ir jy i$skiriamy ekstralgsteliniy pusleliy (EP) vaidmeniui audiniy regeneracijoje.
Nustatyta, kad osteogenine kryptimi diferencijuoty lasteliy iSskiriamos EP pasizymi
stipriu osteoregeneraciniu potencialu, kurj nulemia jy pernesamos bioaktyvios molekulés,
tokios kaip mikroRNR ir baltymai. Taipogi, vis daugiau tyrimy rodo, kad oksidacinis
stresas Siuose regeneraciniuose procesuose atlicka ne tik zalinga, bet ir reguliacinj
vaidmenj — jis moduliuoja MKL isskiriamy EP kiekius bei jy molekuling sudétj, taip
sustiprinant osteoregeneracinius signalus.

Vis délto dauguma iki Siol taikyty strategijy remiasi EP, iSskirtomis i§ oksidaciniu stresu
neveikty arba trumpalaik] oksidacin; poveikj patyrusiy MKL, o0 ilgalaikés lasteliy
adaptacijos oksidaciniam stresui reikimé jy i$skiriamoms EP yra neistirta. Sio
doktoranttros darbo tikslas — istirti, kaip oksidaciniam stresui atspariy 0steogenine
linkme diferencijuoty MKL iSskiriamos EP kei¢ia kaulinio audinio regeneracija.
Doktoranttiros Doktorantiiros metu bus kuriamos oksidaciniam stresui atsparios MKL
linijos, gryninamos ir charakterizuojamos jy iSskiriamos EP, analizuojama jy molekuliné
sudétis bei in vitro ir in vivo sistemose vertinamas EP poveikis osteogenezei.. Tikimasi,
kad gauti rezultatai padés geriau suprasti EP vaidmen] oksidacinio streso salygomis ir
prisidés prie naujy kaulinio audinio regeneracijos sprendimy kiirimo.

Abstract:

Bone regeneration remains a major clinical challenge affecting millions of people
worldwide suffering from bone loss associated with trauma, degenerative diseases, or



cancer. Current treatment strategies are predominantly based on autologous, allogenic, or
xenogenic bone grafts, which, despite their clinical effectiveness, are limited by donor
site morbidity, restricted tissue availability, immune complications, and risk of infection.
These limitations drive the search for alternative, biologically driven approaches to bone
regeneration.

In recent years, mesenchymal stem cells (MSCs) and their secreted extracellular vesicles
(EVs) have emerged as promising regulators of tissue regeneration. EVs derived from
osteogenically primed MSCs exhibit strong osteoregenerative properties mediated by
their complex cargo of bioactive molecules, including microRNAs and proteins.
Accumulating evidence indicates that oxidative stress plays an active role in regulating
EV biogenesis, secretion, and molecular composition. Sublethal or prolonged exposure
to reactive oxygen species (ROS) has been shown to enhance EV release and reprogram
EV cargo toward antioxidant and pro-regenerative profiles, resulting in improved
osteogenic outcomes.

However, most current EV-based strategies rely on vesicles derived from naive cells or
cells exposed to short-term oxidative stimulation, leaving the effects of long-term cellular
adaptation to oxidative stress largely unexplored. The aim of this doctoral research is to
investigate how stable adaptation of osteogenic progenitor cells to oxidative stress alters
the molecular composition and biological activity of the EVs they produce, and how these
changes influence bone regeneration. The study will integrate biochemical and molecular
biology approaches, including EV isolation and characterisation, proteomic and
transcriptomic profiling, and functional evaluation using in vitro osteogenic models and
in vivo bone regeneration assays. The expected outcomes will advance fundamental
understanding of EV biology under oxidative stress conditions and support the
development of biologically informed, cell-free strategies for bone tissue regeneration.
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