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Uplatnenie vysledkov projektu

Vysledky projektu obsahuju vyvoj vypoctovych modelov pre krvné bunky a to ¢ervené
krvinky, biele krvinky, cikulujuce rakovinové bunky a krvné dosticky. V projekte sa tieto
modely validovali na realnych datach z biologickych experimentov. Tieto modely sa v ramci
projektu implementovali do volne dostupného vedecko-vyskumného softvéeru ESPResSo
ako modul PyOIF. Tento modul medzi¢asom akceptovala vedecka komunita o ¢om svedc¢i
jeho pouzivanie desiatkou vedeckych timov na svete. Pomocou vyvinutych modelov boli v
ramci projektu uskuto¢nené viaceré vedecké Studie v oblasti pocitatovo podporeného
biomedicinskeho vyskumu.

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

Cielom projektu bola aplikacia vypo&tového modelovania toku biologickych buniek v oblasti
vyvoja mikrofluidickych zariadeni. Planoval sa vyvoj modelu adhézie buniek, pohybu
pevnych Castic a rbznej viskozity vnutri a vonku bunkovej membrany. Model sa mal vyuZzit
na vyskum v troch oblastiach: Zariadenia s periodicky rozmiestnenymi prekazkami,
zariadenia urené pre analyzu jednotlivych buniek a na konektory do mikrofluidickych Cipov.

Pocas projektu sme vyvinuli viaceré ¢asti modelu. V r.2016 sme nakalibrovali frikEny
koeficient, ktory zabezpecuje spravny prenos sil medzi bunkou a kvapalinou. Vytvorili sme
model pevného telesa pomocou objemovej triangulacie priestoru vnutri telesa. V r.2020 sme
pracovali na modeli adhézie pre tvorbu zhlukov buniek. Po&as celého projektu sme
priebezne model validovali. V r.2017 sme vykonali optimalizaciu mikrofluidickych konektorov
s ohfadom na minimalizaciu destrukcie buniek. V r.2018 sme vytvorli model pre rakovinové
bunky a v r.2019 sme ho testovali pomocou nového vypoc&tového modelu optickej pinzety.
Procesy v zariadeniach s periodicky sa opakujucimi prekazkami sme analyzovali v r.2017
vyvojom hustého nasadzovania buniek do simulacie a v r.2018 tvorbou makromodelu.

Okrem hlavného ciela sme sa venovali aj novému smeru vyskumu v oblasti predikcie
pohybu buniek v tokoch pomocou metdd strojového u€enia. V r.2018 sme pouZili neurénové
siete na detekciu a trasovanie buniek z videozaznamu, pri¢om takéto data sa dali pouZzit na
verifikaciu nasich modelov. V r.2019 sme nadizajnovali neurénovu siet schopnu predikovat
trajektorie buniek a v r.2020 sme takuto siet vylepSili a pouzili ju na klasifikaciu chorych
Cervenych krviniek.

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

The project aim was to apply the computational modelling of the biological cells flow in the
microfluidic devices design. We planned the development of cell adhesion model, model of
rigid particles, and model of variable viscosity ratio for cell's inner and outer fluid. Such
model was applied in three application areas: Devices with periodical obstacles, devices for
capturing specific cells and for optimization of connectors in microfluidic chips.

During the project, we developed several parts of the model. In 2016, we calibrated friction
coefficient that ensures correct transfer of forces between membrane and the fluid. We
created model of a rigid particle using volume discretisation inside the particle. In 2020 we
worked on an adhesion model for establishing clustres of cells. During the course of the
project we validated the model and its parts. In 2017 we performed optimization of
microfluidic connectors with respect to decrease the cell deterioration while passing through
the connectors. In 2018 we created CTC model and in 2019 we tested this model using
using computational modelling of optical tweezers. We analysed periodic obstacle arrays in
2017 with dense seeding of cells and in 2018 with creation of macro-models.

Besides the main aim of the project, we also worked on prediction cell trajetories using
methods of machine learning. in 2018 we used the neural networks for detection and tracing
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the cells from videosequences of biological experiments. Such data were used in validation
studies. In 2019 we designed the neural network able to predict cell trajectories and in 2020
we enhanced the network and used it to classify the red blood cells in a stream into two
categories - healthy and rigidified.
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