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Interactions between Cells and Bio-based Materials: from Quantitative Analysis to
3D-printed Scaffolds

Kolmiulotteisten (3D) soluja sisaltavien kudosteknologinen kehikko kaytté on pateva
strategia kudosteknologiassa. Soluja sisaltavat biopohjaiset 3D matriisit toimivat
myo6s erinomaisina in vitro malleina 1ddkkeiden myrkyllisyystesteissa. Ne pystyisivat
talloin  vahentamaan perinteisia, eettisesti  kyseenalaisia, elainkokeita.
Nanoselluloosakuiduilla on valtava potentiaali biolaaketieteessa, varsinkin
kudosteknologiassa.

Laatiakseen optimaalisen nanoselluloosakuitupohjaisen tukimateriaalin
la8ketieteelliseen  kayttéon, tarvitaan syvallistd ymmarrystd solujen ja
nanoselluloosakuitujen valisistd vuorovaikutuksista.

Tassa vaitdskirjassa kehitettiin joukko hyvin tarkkoja menetelmid, joita kaytettiin
maarittelemaan solujen adheesio nanoselluloosakuituihin ja analysoimaan eri
proteiinien ja  muiden tekijdiden vaikutusta solujen  Kiinnittymiseen
nanoselluloosakuitunaytteisiin. Naiden tietojen perusteella valmistettiin erilaisia
nanoselluloosakuitupohjaisia kehikkoja 3D-tulostamalla. Tulostetut materiaalit, jotka
sisalsivat my0s muita polymeereja (alginaattia, ligniini-nanopartikkeleita, tai
hemiselluloosaperaisia aineita) olivat tutkimusten perusteella myrkyttomia soluille.
Uutta teknologiaa voidaan tulevaisuudessa hyddyntda 3D soluvilielmissa ja
kudostekniikan kayttokohteisissa.

Tama vaitdskirja edistdd luonnollisten ja edullisten materiaalien, varsinkin
nanoselluloosakuitujen, kayttoa ladketieteen alalla, jonka vaikutus Suomen talouteen
arvellaan olevan merkityksellinen.
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Interactions between Cells and Bio-based Materials: from Quantitative Analysis to
3D-printed Scaffolds

Using three-dimensional (3D) scaffolds of natural materials incorporated with living
cells is a valid strategy for tissue regeneration. In addition, these natural-material
sourced 3D scaffolds with living cells can also serve as excellent in vitro models for
drug toxicity tests, reducing the traditional —and ethically questionable— use of
animals. Cellulose nanofibrils (CNF) from wood are a natural and abundant material
with huge potential for biomedical applications, in particular for tissue engineering
and 3D cell model cultures.

A fundamental understanding of the interactions between cells and CNF is needed
in order to design optimal CNF-based scaffolds for biomedical applications. In this
doctoral thesis, a set of highly sensitive techniques were developed and applied to
quantify the adhesion of cells to CNF, and to analyze how different proteins and other
factors affect the attachment of cells to CNF substrates. Based on that information,
different CNF-based scaffolds were fabricated by 3D-printing. The CNF scaffolds,
which also included other natural polymers in their composition (alginate, lignin in the
form of spherical nanoparticles, or hemicellulose derivatives), were observed to be
non-toxic for cells, and thus, could potentially be used for 3D cell cultures and tissue
engineering applications.

This thesis pushes forward the utilization of natural and affordable resources, in
particular CNF, in the biomedical sector, which is expected to have a positive impact
on the Finnish bioeconomy.
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