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Abstract

Non-specific protein adsorption —protein fouling— is an adverse effect
occurring at the surface of most artificial materials which come into contact
with biological fluids, affecting various biomedical devices and tissue
engineering scaffolds. In order to address this ubiquitous problem the
preparation of scaffolds resistant to protein fouling (antifouling) was
proposed.

The main goal of this Thesis was the development of strategies for the
preparation of antifouling scaffolds for tissue engineering. The work
consisted of three steps: (i) the selection of monomers leading to antifouling
properties by utilizing model system based on polymer brushes; (ii)
preparation of antifouling hydrogels of different properties and architecture
by copolymerization with zwitterionic carboxybetaine monomers, selected
from model experiment; and (iii) modification of the surface of poly(e-
caprolactone) (PCL) nanofibers by growing four types of polymer brushes
resistant to protein fouling.

The scaffolds presented in this work showed variety of unique
properties, such as hydration (up to 30000%), elongation (up to 1800%),
self-healing, biodegradation, availability of functional groups and complex
pore structure. Importantly, all scaffolds showed significant reduction of
protein fouling and non-specific cell adhesion and can be exploited as a
platform for further functionalization with biological cues and signaling
molecules for specific cell-matrix interaction. The methods applied for the
preparation of antifouling scaffolds are universal and can be extended for
different types of material in order to achieve specific property for the
scaffold. The combination of these properties makes the presented scaffolds
a highly promising material for tissue engineering applications.

Keywords: antifouling properties, hydrogels, nanofibers, polymer
brushes, scaffold for tissue engineering.



Abstract

Nespecifickd adsorpce proteinti (angl. protein fouling) je velmi
nezddouci efekt odehrdvajici se prakticky na kazdém umélém povrchu, ktery
prichédzi do kontaktu s biologickymi tekutinami, a ma fatdlni vliv na aplikaci
riznych biomedicinskych piipravkl a nosi¢ti uréenych pro tkanové
inZenyrstvi (scaffold). Aby se piedeslo tomuto vSudypiitomnému problému,
byly navrZzeny bunécné nosice odoldvajici nespecifickym adsorpcim proteint
(tzv. ,;antifouling® povrchy).

Hlavnim cilem této disertacni prace byl vyvoj strategie piipravy
povrchil pro tkanové inZenyrstvi odoldvajicich nespecifickym adsorpcim
proteinti. Prace se skldadala ze tif hlavnich casti: (i) vybér monomert
vedoucich k ,antifouling” povrchim pro modelovy systém zaloZeny na
polymernich kartacich; (i) pfiprava ,antifouling” hydrogeld s rtznymi
vlastnostmi a architekturou pomoci kopolymerizace zwitterionovych
karboxybetainovych monomerti vybranych z modelovych experimentt; (iii)
modifikace povrchu poly(e-karpolaktonovych) nanovldken ctyfmi typy
antifouling* polymernich kartacu.

Hydrogely ptipravené v této praci vykazuji Sirokou $kdlu jedinecnych
vlastnosti, jako napf. hydratace dosahujici az 30000 %, taznost az 1800 %,
schopnost regenerace, biodegradovatelnost, struktura komunikujicich péra a
pfitomnost funkénich skupin. Navic, vSechny nosice signifikantné
potlacovaly nespecifické adsorpce proteinii a nespecifickou adhezi bunék a
zaroveni mohly byt vyuZity jako platformy pro dal$i funkcionalizaci
biologickymi elementy a signdlnimi molekulami pro specifickou interakci
bunék s nosi¢em. Metodika piipravy ,.antifouling” nosic¢i je universdlni a
muZe byt rozsifena o rizné typy materidli za icelem dosaZeni specifickych
vlastnosti tkdnovych nosici. Kombinace téchto vlastnosti déla z
prezentovanych nosi¢i velmi slibné materidly pro aplikace ve tkanovém
inZenyrstvi.

Klicova slova: hydrogely, polymerni kartice, ,,antifouling* vlastnosti,
nespecifickd adsorpce, nanovlakna, nosi¢e pro tkanové inZenyrstvi.
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1. Introduction

Millions of patients with lost, damaged or malfunctioned organs and
tissues suffer for week, months or even years while waiting for having
available donor for transplantation. Transplantation of tissues and organs
from cadaveric or living-related donor, although successful and saved
countless lives, has severe constraints. The major problem of transplantetion
is an extreme deficiency in the donor storage.' Furthermore, even those
patients who endure the organ transplantation are at high risk that the
recipient's immune system will identify the organ as foreign and attempt to
destroy it, causing rejection of the transplant.

Tissue engineering emerges as a potential solution for the increased
need of tissues and organs for transplantation by promoting de novo tissue
formation and recovery of function.”” Tissue engineering strategies typically
involve the combination of three main components, namely: (i) cells, (ii)
precisely designed scaffolds, and (iii) specific signals to promote tissue
regeneration and integration of the construct onto functional and organized
tissue. The logic of this approach is that if cells can attach to a scaffold
which mimic the natural extracellular matrix (ECM) and guides the cell
adhesion, larger tissues can be formed.

In vivo cell behavior is guided by a variety of external cues and
signals including ions, soluble growth factors, ECM components and the
physical properties of the environment. Depending on the type of these
signals, cells may undergo either cell-specific attachment to the ECM,
proliferation, differentiation, and final tissue regeneration, or cell apoptosis.*
" Thus, the properties of the scaffold has to be engineered to elicit specific
cellular responses upon signaling and direct new tissue formation mediated
by specific interactions.® Indeed, the structural design and surface decoration
with signaling motifs are critical steps in the fabrication of a scaffold that
can imitate native ECM. However, in general the contact between biological
media and an artificial material commonly starts with protein adsorption.’ >
Various amino acid residues on the peptide backbone can mediate
adsorption of proteins via hydrogen bonds, ionic, and other polar or
hydrophobic interactions. This non-specific protein adsorption —protein
fouling— is a complex and dynamic process, which irreversibly affects the
surface of most (bio)materials.'>'> This ubiquitous problem can mask the
bioactive molecules previously immobilized on the material surface, thus
promoting non-specific cell adhesion, which will lead to loss of control over
the behavior and fate of the cells. Moreover, protein fouling induces a series
of adverse effects, such as the inflammatory response, complement, and
platelet activation, which may lead to thrombus formation and facilitates the
attachment of nosocomial pathogens.'®'® Prevention of fouling of surfaces
that come into contact with bodily fluids/tissues is of critical importance for



the development of biocompatible and fully functional scaffolds for tissue
engineering in order to gain control over cell functions by eliminating of all
unwanted, uncontrollable, non-specific interaction of material surface with
surrounding milieu and deliver specific signals and biological cues to guide
cell behavior in the direction to restoration of tissues. Thus it is imperative to
develop new strategies to prepare scaffold that prevent fouling (Figure 1).
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Figure 1. Fabrication of antifouling biofunctionalized scaffold for tissue engineering.

2. Goals of the thesis

In light of challenges for fabrication of functional scaffolds for tissue
engineering, the main objective of my Thesis was to fabricate scaffold for
tissue engineering resistant to protein fouling from complex biological
media, i.e. antifouling. It is envisioned that such an antifouling scaffold will
become a starting platform for further functionalization with bioactive
compounds for specific interaction of the scaffold within the physiological
milieu.

The work has three main foci:

e The selection of monomers suitable for the preparation of
antifouling scaffolds utilizing model system based on polymer brushes

e Preparation of antifouling hydrogels with different properties and
architecture  synthesized by copolymerization with  zwitterionic
carboxybetane monomers

e Modification of nanofibers with selected antifouling polymer
brushes



3. Summary of Results

3.1. Selection of monomers

In order to select the monomers suitable for the preparation of
antifouling scaffolds for tissue engineering, a model system based on
polymer brushes was utilized, which allowed the study of resistance to
protein fouling by one of the most sensitive technique, SPR spectroscopy.

Polymer brushes based on hydrophilic electroneutral monomers, such
as  2-hydroxyethyl  methacrylate = (HEMA), N-(2-hydroxypropyl)
methacrylamide (HPMA), oligo(ethylene glycol) methyl ether methacrylate
(MeOEGMA), and oligo(ethylene glycol) methacrylate (HOEGMA) as well
as zwitterionic monomers, such as sulfobetaine methacrylate (SBMA),
phosphorylcholine methacrylate (PCMA), carboxybetaine methacrylate
(CBAA), and carboxybetaine methacrylamide (CBMAA) grown from self-
assembled monolayers of initiator on gold or silicon surfaces were
synthesized by surface initiated atom radical polymerization (SI-ATRP)
(Figure 2, A) and fully characterized.

The resistance to protein fouling from buffered solution of human
serum albumin (HSA) and fibrinogen (Fbg) and from undiluted blood
plasma was evaluated (Figure 2, B). All the brushes tested, fully resisted the
fouling from HSA, the most abundant plasma protein. Analogously, all
brushes except for PCMA completely prevented Fbg adsorption. While most
brushes readily resist the adsorption from model solution of buffered
proteins, undiluted blood plasma (BP) posed a much higher challenge. The
highly hydrophilic brushes based on poly(PCMA) and poly(SBMA) were
not able to resist the fouling from undiluted BP, leading to protein deposits
on poly(PCMA). Poly(MeOEGMA), poly(HOEGMA) and poly(HEMA)
displayed very low fouling corresponding to a 18 ngem, 20 ng'cm?, and
26 ng-cm’, respectively. This correspond to a decrease in fouling of about
90 — 95% compared to bare gold. (Figure 2, B).

Figure 2. (A) Chemical structures of monomers utilized for synthesis of the polymer brushes, where (1)
MeOEGMA; (2) HOEGMA; (3) HEMA; (4) HPMA; (5) CBAA; (6) CBMAA; (7) PCMA, and (8) SBMA.(B)



Fouling from undiluted BP, HSA- and Fbg-buffered solution. An asterisk represents a value of protein adsorption
below the detection limit of SPR (0.2 ng'cm-2).

Poly(CBMAA) brushes showed remarkable 99% reduction in protein
fouling in comparison with bare gold (Figure 2). It is noteworthy, that only
brushes based poly(CBAA) and poly(HPMA) brushes were able to reach
undetectable levels of protein fouling from undiluted BP.

Based on the knowledge gained from these study, the monomers
showing the best resistance to non-specific protein adsorption such as
MeOEGMA, HOEGMA, HPMA, CBAA and CBMAA were selected for the
further preparation and/or modification of the scaffold for tissue engineering
presented in this thesis.

3.2. Non-fouling Poly(HEMA-co-CB(M)AA) Hydrogels

Poly(HEMA) hydrogels are very attractive for tissue engineering due
to their hydrophilic character, excellent mechanical properties, and low level
of immunogenicity.'”?' However, the use of poly(HEMA) hydrogels is
limited by a moderate wettability, which is lower than that of most natural
tissues.’ In order to improve hydration and resistance to protein fouling,
hydrogels based on HEMA and different concentration of zwitterionic
carboxybetaine comonomers (CBAA and CBMAA) were synthesized and
characterized. Even small additions (1 — 5%) of carboxybetaine monomers
led to a very high increase in the EWC without impairing the mechanical
properties, while addition of 10mol% led to hydrogels binding
approximately 4 times more water than pure poly(HEMA) (Figure 3).

The protein fouling was evaluated by incubation of hydrogels in
blood plasma and evaluated by FTIR-ATR (Figure 4). All hydrogels showed
an unprecedented reduction of fouling from blood plasma; in particular,
hydrogels with 5 mol% of CBAA or CBMAA reduced the fouling by 70%
and 65% and remarcably, no fouling from blood plasma could be detected
when the content of CBAA was 10 mol%(Figure 4).

poly(HEMA) T x%CBAA I x%CBMAA

200

150

100

Equilibrium water content (%)

0 1 25 5 75 10
Molar fraction of zwitterionic comonomer (%)

Figure 3 EWC of poly(HEMA), poly(HEMA-co-CBAA), and poly(HEMA-co-CBMAA) with different molar
ratios of carboxybetaines.
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Figure 4. FTIR-ATR spectra (amidic region) of poly(HEMA) (orange line), poly(HEMA-co-CBAA) (green line),
and poly(HEMA-co-CBMAA) (pink line) before and after (black line) 3 h contact with BP

3.3. Self-healing Poly(HEMA-co-CBMAA) Nanocomposite Hydrogels
with Superior Mechanical Properties

Hydrogel possessing the ability to self-heal and to withstand a high
degree of deformations are very attractive for tissue engineering, because
they can mimic tissues of living organisms which are able to heal and re-
shape after external stimuli. In order to athieve this, physically crosslinked
poly(HEMA-co-CBMAA) nanocomposite hydrogels were synthesized and
characterized. The cross-linking via Laponite nanoparticles (LNs) endowed
the hydrogels with self-healing properties (Figure 5, A), excellent
mechanical resistance and very high elongation at break (Figure 5, B), and
an extremely high water uptake capacity. A wide range of properties, such as
a degree of swelling from 5 to 300, elongation at break from 150 to 1800%,
and Young's modulus from 4 to 80 kPa, are accessible and can therefore be
easily tuned by variation of concentration of CBMAA or LNs.
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Figure 5. (A) Self-healing and (B) Elongation of hydrogels contained 10 mol% of CBMAA and 3 wt%of LNs.
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The addition of CBMAA endowed to hydrogels antifouling
character. The non-specific protein adsorption from a 10% fetal bovine
serum (FBS) solution was evaluated by UV-Vis spectroscopy. The addition
of only 5 mol% of CBMAA comonomer led to a dramatic reduction of
protein fouling up to 70 %, while further increases in the ratio of CBMAA
up to 20 mol% resulted in a 95% decrease of fouling.

3.4. Biodegradable Zwitterionic Scaffolds with Gyroid Pore
Architecture

All biological tissues and organs possess specific chemical and
physical properties, as well as precise geometrical shape and
microarchitecture of pores and topographical features. One of the most
important and primary aspects of tissue engineering is to fabricate 3D
scaffolds of various shapes and structures in order to mimic native tissues.

In this study I utilized one of the most developed computer-aided rapid
prototyping technique for construction of complex three-dimensional
scaffolds —stereolithography— for the preparation of scaffolds with precisely
designed gyroid pore architecture. The hydrogels were prepared by a
mixture of a biodegradable terpolymer MA-PDLLA-PEG-PDLLA-MA and
CBMAA. The addition of CBMAA comonomer endowed to hydrogels a
dramatically increase in EWC reaching unprecedented level of 700% for
20% of CBMAA (Figure 6).

To show the ability to functionalize the interior of the pores of the
hydrogels we utilized a fluorescently labelled protein and visualize the
immobilization with laser scanning confocal microscopy (LSCM).

Dry hydrogel

Swollen hydrogel

Figure 6. Equilibrium water content (EWC) of hydrogels (A) 0%CBMAA, (B) 10%CBMAA, and (C)
20%CBMAA, defined as the ratio between the mass of absorbed water after reaching the equilibrium and the mass
of dried hydrogels (left). The photograph shows dry and swollen hydrogel of 10%CBMAA (right).



Bovine serum albumin labelled with fluorescein isothiocyanate (BSA-
FITC) was chosen as a model protein for the biofunctionalization of the
surface of hydrogels. To prove the absence of non-specific protein
adsorption the prepared hydrogels were incubated in a solution of BSA-
FITC for 14 h and subsequently analyzed by LSCM (Figure 7, A-C). No
fluorescence was observed during the scanning of all hydrogels with 488 nm
laser for excitation of FITC proving the absence of non-specific albumin
adsorption on hydrogels.

The biofunctionalization of hydrogels containing CBMAA was
performed by amidation of BSA-FITC on the carboxylic groups of CBMAA
monomeric units previously activated with EDC/sulfoNHS (Figure 7, D-F).
No BSA immobilization was observed on the hydrogel without CBMAA
(Figure 7, D). Addition of CBMAA resulted in material possessing
functionalizable carboxyl groups, which were utilized for BSA-FITC
immobilization. Figure 7E and F demonstrate the successful immobilization
on the hydrogels containing 10% and 20% of CBMAA. Figure 7G
represents a three dimensional reconstruction of 20 confocal scans of
10%CBMAA hydrogel, proving the homogeneity of immobilized BSA-
FITC within hydrogel pore surface.

Figure 7. Confocal images D, E and F of the 0%CBMAA, 10%2CBMAA and 20%CBMAA hydrogels,
respectively, after immobilization of BSA-FITC via EDC/sulfoNHS chemistry. Confocal images A, B and C
represent blank experiments for 0%CBMAA, 10%CBMAA and 20%CBMAA hydrogels, respectively, i.e.
hydrogels were in contact with solution of BSA-FITC without functionalization by EDC/sulfoNHS. Image G
represent 3D reconstruction of 20 confocal scans of 10%CBMAA hydrogels with immobilized BSA-FITC.

3.5. Modification of Nanofibers with Non-fouling Polymer Brushes

As mentioned in previous chapters, a highly interconnected porosity
and (bio)degradability are very important characteristics for scaffolds for
tissue engineering. Among them electrospun poly(e-caprolactone) (PCL)
nanofibers have gained wide recognition due to the combination of their
intrinsic properties such as high porosity, large surface area, and presence of
fibril structures enabling them to mimic the morphology of native
extracellular matrix (ECM).?2 However, their extensive use is limited. Upon



contact with biological fluids, the surface of PCL is rapidly coated by
proteins, inducing a series of adverse effects.

A new route to modify the surface of the PCL nanofibers to prevent
non-specific interactions by growing antifouling polymer brushes by SI-
ATRP was introduced. To provide functional groups for immobilization of
SI-ATRP initiator, a biomimetic PDA layer was deposited on surface of the
PCL nanofibers. Selected antifouling polymer brushes based on
MeOEGMA, HOEGMA, HPMA, and CBAA were grown from initiators
covalently bonded to an ad-layer of poly(dopamine) (PDA). The PDA layer
perfectly matched the morphology of the bare fibers and the polymerization
was confined to the surface of the nanofibers, increasing their diameter
however the morphology of the individual fibers and the highly
interpenetrating porous structure of the mesh were preserved (Figure 8).
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Figure 8. SEM images of nanofibers after each step of modification. Images were acquired at 20.0 kx
magnification. Scale bar equals 2 pum.

The success of the passivation of the nanofiber by the brushes was
assessed by seeding mouse embryonic fibroblasts (MEFs) on PCL, PCL-
PDA, and the nanofibers bearing the selected polymer brushes. The
nanofibers were incubated with MEF cells for 7 and 24 h at 37° C, cultivated
in cell culture medium with10%v/v FBS, to probe the cell adhesion
behavior. Fibroblast rapidly adhered to pristine PCL and PDA-coated
nanofibers, showing that adhered cells were well spread, elongated along the
fibers, and connected to them via cell-matrix interactions (Figure 9 and
10).0On the other hand, cell adhesion was greatly suppressed on all of the
fibers modified with antifouling brushes. The behavior of MEFs on PCL
nanofibers modified with polymer brushes was in sharp contrast to pristine
PCL and PDA-PCL. Cells did not show any adhesion to the nanofibers
modified with antifouling polymer brushes after 7h, proving that the
polymer brushes minimize the cell-surface interactions. Only after 24 h



some fibroblasts were detected among the modified nanofibers (Figure 9).
However, closer examination (Figure 10) shows that the fibroblasts did not
adhere to the nanofibers but rather stuck to each other. The fibroblasts
acquired a roundish shape, organizing themselves in non-spread cell clusters
that were only entrapped among the modified nanofibers.

7h ] 24 h ]
ucI| fber nuclei

Figure 9. Cell adhesion on (1) PCL, (2) PCL-PDA, (4) PCL-PDA-poly(MeOEGMA), (5) PCL-PDA-
poly(HOEGMA), (6) PCL-PDA-poly(HPMA), and (7) PCL-PDA-poly(CBAA) nanofibers after 7 and 24 h (scale
bar 200um). Fibers are visualized by their autofluorescence after excitation at 488 nm, cell nuclei by staining with
DAPI and 405nm excitation. It should be noted that low number of cells on nanofibers with polymer brushes (4-7)
required higher excitation energy to visualize them. Therefore, in some cases the autofluorescence of the fibers is
visible in the 405nm channel.



Figure 10. ApoTome optical sections of a 3D image stack at high magnification for cells on PCL and PCL-PDA-
poly(MeOEGMA) nanofibers after 24 h. An overview (upper row) shows that the cells adapt their shape to PCL
but not to PCL-PDA-MeOGMA nanofibers. Actin (red) indicates cell shape, paxillin (green) cell-matrix adhesions
(CMAs) while nanofibers are shown in grayscale. Zoom in of the white boxes (lower row) show clear
colocalization for paxillin (green) and PCL (grayscale) but not for paxillin and PCL-PDA-MeOEGMA (garyscale).
Scale bars equal 10mm in first upper row and 2mm—in lower row

4. Conclusions

The main objective of this Thesis was to develop the methods of
fabrication of scaffolds for tissue engineering resistant to protein fouling.
Prevention of fouling on the surface of the materials that come into contact
with bodily fluids/tissues is of utmost importance in order to gain control
over cell functions by eliminating all unwanted, uncontrolled, non-specific
interactions of the material surface with the surrounding fluids and providing
specific signals to the cells to guide their behavior in the direction of tissue
regeneration. To achieve this, the work was developed in three steps, (i) the
selection of monomers leading to antifouling properties; (ii) preparation of
antifouling hydrogels by copolymerization with zwitterionic carboxybetaine
monomers; and (iii) modification of nanofibers with selected polymer
brushes resistant to protein fouling.

In order to tackle the first step, a model system based on polymer
brushes was utilized. Polymer brushes based on eight different monomers
were synthesized, fully characterized, and the fouling from solution of HSA,
Fbg, as well as from undiluted blood plasma was assessed by SPR. The
monomers MeOEGMA, HOEGMA, HPMA, CBAA and CBMAA showed
the best resistance to protein fouling and were selected for the further
preparation and/or modification of the scaffold for tissue engineering.

Striving to improve the resistance to protein fouling and hydration of
the scaffolds based on poly(HEMA), hydrogels of different compositions
were synthesized by copolymerization of HEMA with zwitterionic
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carboxybetaine (meth)acrylamide (CBAA or CBMAA). These hydrogels
showed unprecedented improvement of hydration (up to 30000%),
mechanical properties (elongation up to 1800%), abilities to self-heal, and
remarkable reduction of protein fouling from complex biological media,
such as blood plasma and fetal bovine serum.

To provide control over the precise shape and internal porous
architecture of the scaffold, stereolithography was utilized to prepare
hydrogels with a finely designed gyroid pore structure based on a
biodegradable macromer (MA-PDLLA-PEG-PDLLA-MA) and zwitterionic
CBMAA. All hydrogels showed high hydration and antifouling character.
The covalent immobilization of protein on the surface of the hydrogels
utilizing the carboxylic groups of the CBMAA comonomer was successful
and homogeneous across the pores of the hydrogels.

Finally, in order to prevent protein fouling from biological fluids and
subsequent cell adhesion, a new approach to modify the surface of PCL
nanofibers by growing antifouling polymer brushes by SI-ATRP was
introduced. To provide functional groups for the immobilization of SI-ATRP
initiator, a biomimetic PDA layer was deposited onto the surface of the PCL
nanofibers. Four types of selected antifouling polymer brushes were grown
from the surface of nanofibers without impairing the fibrous structure and
interconnectivity of the pores. The resistance to non-specific cell adhesion
was evaluated by challenging the fibers with fibroblasts. Cells rapidly
adhered and spread on pristine PCL and PDA-coated nanofibers forming
cell-matrix interactions mediated by a pre-adsorbed layer of proteins from
culture media. However, all nanofibers modified with antifouling polymer
brushes were able to prevent non-specific protein adsorption and thereby
fully suppress cell adhesion.

The materials presented in this Thesis show significant improvements
in terms of resistance to protein fouling and non-specific cell adhesion.
These scaffolds have high potential to be used as a platform for further
functionalization with bioactive compounds for specific cell-matrix
communication. The methods applied for the preparation of antifouling
scaffolds are universal and can be extended to different types of materials in
order to achieve specific properties for the scaffolds.
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1. Uvod

Miliény pacienti se ztracenymi, poranénymi nebo poskozenymi
orgdny a tkdnémi trpi tydny, mésice nebo dokonce roky pfi ¢ekdni na
vhodného dérce pro transplantaci. Transplantace tkdni a organt od darce
(mrtvého ¢&i zivého), pfestoZe jsou Casto Uspésné a zachrafiuji mnoho Zivoti,
maji vaznd omezeni. Hlavnim problémem transplantaci je nedostatek darct
v piislusnych registrech.'! Kromg toho, i u téch pacientt, kteii se podrobili
uspesné transplantaci, existuje vysoké riziko, Ze jejich imunitni systém bude
identifikovat organ jako cizi a pokusi se jej zniCit, s nasledkem odmitnuti
transplantatu.

Tkanové inZenyrstvi pfedstavuje potencidlni feSeni zvySené potieby
tkdni a organd pro transplantaci, a to svym zaméfenim na tvorbu novych
tkdni a obnoveni jejich funkce.>”' Strategie tkafiového inZenyrstvi typicky
spocivaji ve vhodné kombinaci tif zakladnich prvki, kterymi jsou: (I) buriky,
(IT) scaffoldy pripravené na miru, a (III) specifické signaly podporujici
tkanovou regeneraci a integraci konstruktu na funkéni a organizované tkan¢.
Logika tohoto pfistupu spocivd v tom, Ze pokud se buriky mohou pfipojit ke
scaffoldu, ktery napodobuje pfirozenou extraceluldrni matrix (ECM) a fidi
adhezi bun¢k, miZe byt vytvorena vetsi tkan.

In vivo chovani bunky je fizeno fadou vné&jsich podnétd a signald,
zahrnujicich ionty, rozpustné ristové faktory, komponenty ECM a fyzikalni
vlastnosti okoli. V zdvislosti na typu signdlu buiiky mohou podstoupit bud’
bunécnou specifickou vazbu na ECM, proliferaci, diferenciaci, a regeneraci
kone¢né tkang, anebo bunéénou apoptézu.'™ 7 To znamend, Ze vlastnosti
scaffoldu, musi byt navrZeny tak, aby specifickd buné¢nd odpovéd’ na
signalizaci a piffmd tvorba nové tkan¢ byla zprostfedkovand specifickymi
interakcemi.’® Ve skuteGnosti, struktura materidlu a jeho povrchov tiprava
véetné zavedeni signdlnich motiva jsou kritické body pfi vyrobé scaffoldu,
které pak mohou imitovat nativni ECM. AvSak obecné, interakce mezi
biologickymi médii a syntetickymi materidly je obvykle zprostfedkovdna
adsorpci proteinu, kterou za¢ina.”'?' Riizné aminokyselinové zbytky na
fetézci peptidu mohou vést k sorpci proteini pomoci vodikovych vazeb,
elektrostatickych a dalSich polarnich nebo hydrofobnich interakci. Tato
nespecifickd absorpce bilkovin je komplexni a dynamicky proces, ktery
nevratng ovliviiuje povrchy vétsiny (bio) materiala.!'*'™ Jednid se o
vSudypiitomny problém, nespecifickd sorpce proteini muZe maskovat
bioaktivni molekuly dfive cilené imobilizované na povrchu materidlu a vede
tak k nespecifické adhezi bun¢k, coZ znamend ztratu kontroly nad chovdnim
a osudem bunck. Navic, proteinové znecisténi vyvoldvd celou fadu
nezadoucich tucinkt, jako jsou napfiklad zanétlivé reakce komplementu, a
aktivace desti¢ek, coz muizZe vést k tvorb&é trombl, a usnadiiuje ataku
patogenti zpiisobujicich nozokomialni nékazy."*'® Prevence povrchii, které
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pfichdzeji do kontaktu s telesnymi tekutinami a/nebo tkdnémi, pfed
nespecifickou adsorpci proteind ma rozhodujici vyznam pro vyvoj
biokompatibilniho a pln€¢ funkéniho scaffoldu pro tkdilové inZenyrstvi.
Cilem je ziskat kontrolu nad bunécnymi funkcemi tim, Ze se odstrani
veskeré nezadouci, nekontrolovatelné, nespecifické interakce povrchu
materidlu a okolnich telesnych prostfedi. Tak nebudou maskovany
specifické signily a biologické podnéty ke smérovani chovani bunck
smérem k obnové tkdni. Proto je nezbytné vyvinout nové strategie pro
ptipravu scaffoldd, aby se zabranilo nespecifické interakci bunék (obrazek

1).
® @,
"L

—— J

Non-Fouling §.

@ Biofunctionalize
-~ U Proteins
-~

Scaffold for
® Biological cue Tissue Engineering

- cell

Obrazek 1. Pfiprava biofunkcionalizovanych  scaffoldii pro tkafové inZenyrstvi odolnych proti
nespecifické sorpci proteint

2. Cile disertace

Z uhlu pohledu zadini piipravy funkéniho scaffoldu pro tkaiové
inZenyrstvi, bylo hlavnim cilem mé prace vyrobit scaffold odolny proti
nespecifické sorpci bilkovin z komplexnich biologickych médii, ¢j.
antifouling® scaffold. Predpoklada se, Ze takovy ,.antifouling™ scaffold se
stane vychozi zdkladnou, na které bude probihat dal§i funkcionalizace
bioaktivnimi ldtkami pro specifické interakce scaffoldu ve fyziologickém
prostiedi.

Préce je zamétena na tfi hlavni sméry:

*Vybér monomertt vhodnych pro piipravu ,antifouling* scaffold s
vyuZitim modelového systému, zaloZeném na polymernich kartdc¢ich
(polymer brushes).

ePfiprava ,antifouling hydrogeli s rGznymi vlastnostmi a
architekturou syntetizovanych kopolymerti s zwiteriontovymi monomery
carboxybetainu

*Modifikace nanovldken vybranymi ,,antifouling polymernimi kartaci
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3. Vysledky a diskuse
3.1. VYbér monomerii

Pro vybér monomert vhodnych pro piipravu ,antifouling scaffoldt
pro tkanové inZenyrstvi, byl pouZit modelovy systém zaloZeny na
polymernich kartd¢ich, coz umoznilo studium odolnosti vi¢i nespecifické
sorpci proteint jednou z nejcitlivéjSich technik, SPR spektroskopii.

Byly syntetizovany polymerni kartid¢e na bdzi hydrofilnich monomert,
elektroneutrdlnich, jako je naptiklad 2-hydroxyethylmethakrylit (HEMA),
N-(2-hydroxypropyl) methakrylamid (HPMA), oligo (ethylenglykol)
methylether methakryldt (MeOEGMA) a oligo (ethylenglykol) methakrylat
(HOEGMA), stejné¢ jako na bazi zwitteriontovych monomerti, jako je
napiiklad sulfobetain methakryldt (SBMA), fosforylcholin methakrylat
(PCMA), karboxybetain methakrylit (CBMA), a karboxybetain
methakrylamid (CBMAA) (obrdazek 2, A). Syntéza kartd¢l rostoucich z
monovrstvy inicidtoru na zlatém nebo na kiemikovém povrchu byla
zahdjena povrchové iniciovanou atom-radikdlovou polymerizaci (SI-ATRP)
a pln¢ charakterizovana.

Ptipravené vzorky byly hodnoceny z hlediska odolnosti proti
nespecifické adsorpci proteini z pufrovaného roztoku lidského sérového
albuminu (HSA) a fibrinogenu (FBG), a z nefedéné krevni plazmy (obrizek
2, B). VSechny testované kartde zcela branily pfed adsorpci z HSA,
vyjimkou PCMA, zcela zabranily adsorpci FBG. Zatimco vétSina kartaca
snadno odolala adsorpce z modelovych roztoki pufrovanych bilkovin,
nefedénd krevni plazma (BP) pfedstavuje mnohem vyssi vyzvu. Vysoce
hydrofilni kartice na béazi poly(PCMA) a poly(SBMA) nebyly schopny
odolat adsorpci z nefedéné BP, coz vede k bilkovinnym usazenindm na poly
(PCMA). Poly (MeOEGMA), poly (HOEGMA) a poly (HEMA) vykazuji
velmi nizkou adsorpci, odpovidajici 18 ngem™, 20 ng-em™ , respektive
26 ng-em™. To odpovidd poklesu v adsorpci asi 90-95% ve srovnani se
zlatem (obrazek 2, B).

Poly(CBMAA) karti¢e vykazovaly pozoruhodné snizeni 99% v
nespecifické adsorpci proteinti ve srovnani s Cistym zlatem (obrazek 2, B).
Je zajimavé, Ze pouze kartie na bazi poly(CBAA) a poly(HPMA) byly
schopné dosdhnout nedetekovatelné hladiny adsorpce z nefedéné BP.

Na zaklad¢ znalosti ziskanych z této studie byly vybrany pro dalsi
piipravu a/nebo modifikaci scaffoldd pro tkdnové inZenyrstvi ty monomery,
které vykazovaly nejlepsi odolnost vici nespecifické adsorpci proteind, jako
je MeOEGMA, HOEGMA, HPMA, CBAA a CBMAA a jsou dile
prezentovany v této préci.
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Obrizek 2. (A) Chemické struktury monomerti pouZitych pro syntézu polymernich kartaci, kde (1) MeOEGMA;
(2) HOEGMA; (3) HEMA; (4) HPMA; (5) CBAA; (6) CBMAA; (7) PCMA a (8) SBMA. (B) Absorpce z
nefedéné krevni plazmy (BP), a pufrovanych roztoku lidského sérového albuminu (HSA) a fibrinogenu (Fbg).

Hvézdicka piedstavuje hodnoty proteinové adsorpce niZsi neZ je hranice detekovatelnosti SPR (0.2 ng-cm?).

3.2. Hydrogely poly(HEMA-co-CB(M)AA) odoldvajici nespecifickym
adsorpcim protein

Poly(HEMA) hydrogely, jsou pro tkdnové inZenyrstvi velmi atraktivni
vzhledem k jejich hydrofilnimu charakteru, vynikajicim mechanickym
vlastnostem, a nizké trovni imunogenicity."*?"" Nicmén&, pouziti
poly(HEMA) hydrogelii je omezeno nizkymi hodnotami smacivosti, které
jsou niZ¥i neZ u vétsiny piirodnich tkani.®! Aby se zlepgila hydratace a
odolnost proti nespecifické adsorpci proteinti, byly syntetizovany a
charakterizovany hydrogely na bdazi HEMA s rlGznou koncentraci
zwitteriontovych komonomertt karboxybetainu (CBAA a CBMAA).
Dokonce i malé pfidavky (1-5%) monomerti karboxybetainu vedly k velmi
vysokému zvySeni rovnovazného obsahu vody bez zhorSeni mechanickych
vlastnosti, zatimco pfidani 10 mol%, vedlo k hydrogelim vézajicim
priblizné 4 krat vétsi mnozstvi vody, nez Cisty poly(HEMA) (obrazek 3).

I poly(HEMA) T x%CBAA [ x%CBMAA

Equilibrium water content (%)

1 25 5 75 10
Molar fraction of zwitterionic comonomer (%)

Obrazek 3. Rovnovidzny obsah vody poly(HEMA), poly(HEMA-co-CBAA) a poly(HEMA-co-CBMAA) s
riiznym moldrnim pomérem carboxybetainti.
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Nespecifickd adsorpce proteinti byla hodnocena inkubaci hydrogeld v
krevni plazmé& a vyhodnocena pomoci FTIR-ATR (obrdzek 4). VSechny
hydrogely vykdzaly bezprecedentni sniZeni adsorpce z krevni plazmy;
zejména hydrogely s 5 mol% CBAA nebo CBMAA snizily adsorpci o 70%
a 65% a pozoruhodné, Zadné necistoty z krevni plazmy nebyly detekovany,
kdyZ obsah CBAA byl 10 mol% (obrazek 4).

poly(HEMA) 5%CBAA 5%CBMAA

o0 010

Spectra of hydrogels before 0.08 0.08- 0.08-

— contact with blood plasma
0.06 006
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Obrazek 4. FTIR-ATR spektra (amidické oblast) poly(HEMA) (oranzova ¢éra), poly (HEMA-co-CBAA) (zelend
&dra) a poly(HEMA-co-CBMAA) (riZovd &ara) pied a po (Cernd ¢dra) kontaktu s krevni plasmou.

3.3. Nanokompozitni hydrogely poly(HEMA-co-CBMAA) se schopnosti
regenerace a s vybornymi mechanickymi viastnostmi

Hydrogely majici schopnost automaticky se regenerovat v piipadé
poskozeni a zaroven vydrzet vysoky stupen deformace jsou pro tkanové
inZzenyrstvi velmi atraktivni, protoZe mohou napodobovat tkané¢ Zivych
organismu, které jsou schopné regenerovat svij tvar i integritu na zakladeé
vnéjsich podnéti.

Pro dosazeni toho byly syntetizovany fyzikalnimi vazbami sitované
nanokompozitni  hydrogely poly(HEMA-co-CBMAA) a nésledné
charakterizovdny. Sitovani pomoci Laponitovych nanocéstic (LNs) vneslo
do téchto hydrogeld schopnost regenerace (obrazek 5, A) vynikajici
mechanickou odolnost a velmi vysoké hodnoty taznosti (obrazek 5, B), pfi
extrémné vysoké absorpéni kapacité pro vodu. Bylo dosazeno Sirokého
rozsahu vlastnosti, jako je stupeii nabotndni od 5 do 300, taZnost
(prodlouzeni pii pretrzeni) od 150 do 1800%, a Youngiv modul od 4 do
80 kPa. Potiebné vysledné vlastnosti lze tedy naladit v relativné Sirokém
rozsahu a i jejich vhodné kombinace lze dosdhnout zménou koncentraci
CBMAA nebo LNS.

Pfidani CBMAA vneslo do struktury hydrogeli ,.antifouling
charakter. Nespecifickd adsorpce proteinii z 10% roztoku fetalniho hovéziho
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séra (FBS) byla hodnocena pomoci UV-Vis spektroskopie. Pfiddn{ pouhych
5 mol% CBMAA komonomeru vedlo k dramatickému sniZeni adsorpce
proteint, az k 70%. Dals{ zvySeni pom&ru CBMAA azZ na 20 mol%, vedla k
95% snizZeni adsorbce.

A)
@ \ .,

- &=

T
\i..."\‘

B)

Obrizek 5. (A) Schopnost regenerace a (B) taznost hydrogelii obsahujicich 10 mol% CBMAA a 3 mol% LNs.

3.4.  Biodegradovatelné  zwitterionové nosice s  gyroidovou
architekturou pori

Vsechny biologické tkdn¢ a orgdny maji konkrétni chemické a
fyzikdlni vlastnosti, stejné jako piesny geometricky tvar, mikroarchitekturu
poru a jiné topografické rysy. Jednim z nejdtlezitéjSich a primérnich aspektt
tkaniového inZenyrstvi je vyrobit 3D scaffoldy riznych tvart a struktury k
napodobeni Zivych tkani.

V této studii jsem pouZila stereolitografii, jednu z nejvyvinutéjsich
pocitatem podporovanych technik ,rapid prototyping pro vystavbu
slozitych trojrozmérnych scaffoldti. Pomoci ni jsem pripravila scaffoldy s
pfesné navrzenou gyroidovou architekturou poéri. Hydrogely byly
pfipraveny ze smési biologicky odbouratelného terpolymeru MA-PDLLA-
PEG-PDLLA-MA a CBMAA. Pfidavek CBMAA komonomeru do
hydrogeld dramaticky zvySuje rovnovazny obsah vody na bezprecedentni
droven az 700% pii 20% obsahu CBMAA (obrazek 6).

500 Dry hydrogel

100 Swollen hydrogel

Obrazek 6. Rovnovézny obsah vody (EWC) hydrogeli (A) 0%CBMAA, (B) 10%CBMAA and (C) 20%CBMAA,
definovany jako pomér mezi hmotnosti absorbované vody po dosaZeni rovnovihy a hmotnosti vysuseného gelu.
(Vlevo). Fotografie vpravo ukazuje suchy a nabotnaly hydrogel s 10% CBMAA.
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Pro zobrazeni schopnosti funkcionalizace vnitinich stén pora
hydrogelu byl pouZit fluorescenéné znaceny protein, pfiC¢emz vizualizace
jeho imobilizace byla provedena pomoci laserové konfokdlni mikroskopie
(LSCM). Hovézi sérovy albumin znaceny fluorescein-isothiokyanatem
(FITC-BSA) byl zvolen jako modelovy protein pro biofunkcionalizaci
povrchu hydrogel. Abychom dokazali, Ze nedoSlo k nespecifickym
adsorpcim proteind, byly pfipravené hydrogely inkubovany v roztoku BSA-
FITC po dobu 14 hodin a ndsledné¢ analyzoviany LSCM (obrazek 7, A-C).
Z4dné fluorescence nebyla v pribéhu skenovdni hydrogeldi pozorovéna
(laser 488 nm).

Biofunkcionalizace hydrogelti obsahujicich CBMAA byla provedena
amidaci BSA-FITC na karboxylovych skupinich monomernich jednotek
CBMAA aktivovanych s EDC/sulfoNHS (obrizek 7, D-F). Z4dna
imobilizace BSA nebyla sledovdna na hydrogelu bez CBMAA (obrazek 7,
D). Priddni CBMAA poskytlo materidl, ktery ve struktufe svych fetézct
nese karboxylové skupiny schopné funkcionalizace. Ty byly ndsledné
vyuZzity pro BSA-FITC imobilizaci. Obrdazky 7E a F ukazuji dspéS$nou
imobilizaci na hydrogelech s obsahem 10% a 20% CBMAA. Obrizek 7G
znazornuje trojrozmérnou rekonstrukci 20 konfokélnich skentt hydrogelu s
10% CBMAA, prokazujici homogenitu imobilizovaného BSA-FITC na
povrchu stén pérd uvniti hydrogelu.

Obrazek 7. Vizualizace z konfokdlniho mikroskopu D, E, F zndzortiuji hydrogely s 0%, 10% a 20% CBMAA, a to
po immobilizaci BSA-FITC pomoci EDC/sulfoNHS chemie. Konfokdlni zobrazeni A, B, a C reprezentuji
srovndvaci pokus opét pro hydrogely s 0%, 10% a 20% CBMAA, tj. hydrogely byly v kontaktu s roztokem BSA-
FITC bez funkcionalizace pomoci EDC/sulfoNHS. Zobrazeni G ukazuje 3D rekonstrukei 20 konfokdlnich skent
hydrogelt s 10% CBMAA s immobilizovanym BSA-FITC.

3.5. Modifikace nanovldken polymernimi kartdci odoldvajicimi
nespecifickym adsorpcim protein

Jak jiz bylo uvedeno v predchozich kapitolach, vysoky stupei porozity,
vzdjemné propojené komunikujici péry a biodegradovatelnost, jsou velmi
didlezité vlastnosti scaffoldd pro tkdnové inZenyrstvi. V rdamci téchto
pozadavku si ziskala Siroké uznani nanovldkna pfipravena elektrospiningem
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z poly(e-kaprolaktonu) (PCL). Tato nanovldkna ziskala §iroké uznani v
disledku kombinace svych pfirozenych vlastnosti, jako je vysoka porozita,
velky mérny povrch a pfitomnost vldkennych struktur, které jim umoZiuji
napodobovat morfologii nativni extraceluldrni matrix (ECM).”*! Nicméné,
roz$iten{ jejich pouZiti je omezeno. Pfi styku s biologickymi tekutinami, se
povrch PCL rychle potdhne proteiny, navozujicimi fadu nezadoucich dc¢inkda.
Aby se zabranilo nespecifické interakci, byla navrZzena nové cesta k tpravé
povrchu PCL nanovldken pomoci rostoucich ,antifouling polymernich
kartact, pfipravenych SI-ATRP polymerizaci. Pro zajisténi funk¢ni skupiny
pro imobilizaci SI-ATRP inicidtoru, byla biomimetickd PDA vrstva
nanesena na povrch PCL nanovldken. Vybrané ,antifouling” polymerni
kartd¢e na bazi MeOEGMA, HOEGMA, HPMA a CBAA vyristaly z
inicidtort kovalentné vézany k adhezivni vrstvé poly(dopaminu) (PDA).
PDA vrstva dokonale pfizptisobi morfologii samotnych vldken a
polymerizace byla omezena pouze na jejich povrch, coZ zvySuje jejich
prumér, nicméné¢ morfologie jednotlivych vldken a vysoky pocet
komunikujicich péra byly zachovany (obrazek 8).

_ PCL-PDA PCL-PDA-MeOEGMA

% NeY

s

PCL-PDA-HOEGMA
<O /

PCL-PDA-HPMA

L4

i, ‘i

s L S o
Obrazek 8. SEM zobrazeni nanovliken po jednotlivjch krocich modifikace. Obrizky jsou uvedeny ve
dvacetindsobném zvétSeni. Méfitko odpovidd 2 um.

Uspéch pasivace nanovlaken pomoci polymernich Kkartd¢i byl
hodnocen naockovanim mySich embryondlnich fibroblasti (MEF), na
samotna PCL nanovldkna, na PCL nanovldkna s nanesenou vrstvou PDA, a
na nanovldkna nesouci vybrané polymerni kartice. Nanovldkna byla
inkubovdna na 7 a 24 hodin s bunikami MEF pfi 37 ° C, péstovanych v
médiu pro bunécné kultury s 10%v/v FBS. Byla zkouméana buné¢énd adheze.
Fibroblasty rychle adherovaly k nanovlakniim z ¢ist¢ého PCL a PCL-PDA
potazenym nanovlaknlim, coZ ukazuje, Zze adherované buiky jsou dobie
rozprostfeny, protazené podél vldken, a jsou k nim pfipojeny interakci
bunka-matrix (obrazek 9 a 10). Na druhé stran¢, bunécné adheze byly velmi
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potlac¢eny na vSech vldken modifikovanych ,,antifouling” kartaci. Interakce
MEEF s PCL nanovlakny modifikovanymi polymernimi kartaci byla v ostrém
kontrastu s ¢istym PCL a PDA-PCL. Builky neprokdzaly Zadnou pfilnavost
k nanovlaknim modifikovanych ,.antifouling® polymernimi kartaci po 7
hodinich, coZ dokazuje, Ze se polymerni karti¢e minimalizuji povrchové
bunécné interakce. Teprve po 24 hodindch byly nékteré fibroblasty zjiStény
mezi modifikovanymi nanovldkny (obrdzek 9). Pfi bliz§im pohledu se vSak
(obrazek 10) ukazuje, Ze se tyto fibroblasty nedrZi nanovlaken, ale spiSe jsou
prilepené k sobé& navzdjem. Fibroblasty ziskaly okrouhly tvar, organizovaly
se v ohranicenych klastrech bunck, které byly zachycené pouze mezi
modifikovanymi nanovldkny.

24 h ]
fibes nuclei _

oy

fibers nuclei

@)

(4)

Obrazek 9. Adheze bungk na (1) PCL, (2), PCL-PDA, (4), PCL-PDA-poly(MeOEGMA), (5), PCL-PDA-
poly(HOEGMA), (6), PCL-PDA-poly(HPMA), a (7), PCL-PDA-poly(CBAA) nanovldkna, a to po 7 a 24 hodinich
(méfitko 200 um). Vldkna jsou zobrazena jejich autofluorescenci po excitaci pfi 488 nm, bunéénd jadra barvenim
DAPI a po excitace 405 nm. Je tieba poznamenat, Ze nizky pocet bun¢k na nanovldknech s polymernimi kart4ci (4-
7) vyzaduje vyssi excita¢ni energii na jejich vizualizaci. Z tohoto duvodu, je v n€kterych ptipadech vidét v 405 nm
kandlu autofluorescence vliken.
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Obrazek 10. ApoTome optické &asti 3D obraz pii vysokém zvétSeni pro buitky na PCL a PCL-PDA-
poly(MeOEGMA) nanovldknech po 24 hodindch. Prehled (horni fidek), ukazuje, Ze buiiky prizpisobi sviij tvar k
PCL, ale ne k PCL-PDA-poly(MeOGMA) nanovldknim. Aktin (Cervend) indikuje tvar bunky, paxillin (zelend)
interakce buiika-matrix (CMAs), zatimco nanovldkna jsou zobrazena ve stupnich Sedi. Pfiblizeni v bilych boxech
(spodni fadek) ukazuji jasnou ko-lokalizaci pro paxillin (zelend) a PCL (ve stupnich $edi), ale ne pro paxillin a
PCL-PDA-MeOEGMA (ve stupnich Sedi). Méfitko se rovnd 10 um v prvni horni fadé€ a 2 pm, v dolni fadé¢.

4. Zavér

Hlavnim cilem této prace bylo vyvinout metody pfipravy scaffoldl pro
tkanové inZenyrstvi odolné proti nespecifické adsorpci proteintl. Prevence
adsorpce na povrchu materidld, které pfichdzeji do kontaktu s télnimi
tekutinami a/nebo tkdnémi, je nanejvy$ dulezitd, aby bylo mozZno ziskat
kontrolu nad bunéénymi funkcemi tim, Ze se odstrani veSkeré nezadouci,
nefiditelné nespecifické interakce povrchu materidlu a okolnich prostiedi.
Jedin¢ tak lze nabidnout buiikdm specifické signdly a nasmérovat jejich
chovéni ve sméru k regeneraci tkani.

K dosazeni tohoto cile byly pfedem definovany tii zdkladni postupy:

(I) vybér monomert, které poskytuji polymery odolné proti
nespecifické sorpci proteint, tj. maji ,,antifouling vlastnosti;

(II) ptiprava Antifouling hydrogelti kopolymerizaci s zwitteriontovymi
karboxybethainovymi monomery;

(IIT) modifikace nanovldken vybranymi polymernimi kartaci odolnymi
proti adhezi proteing.

Pro feSeni prvniho bodu byl vyuZit modelovy systém zaloZeny na
polymernich kartacich.

Polymerni karti¢e vychézejici z osmi rtiznych monomeri byly
syntetizovany, zcela charakterizovany a adsorpce proteind z roztoku HSA,
FBG, jakoZ i z nefedéné krevni plazmy byla hodnocena pomoci SPR.
Monomery MeOEGMA, HOEGMA, HPMA, CBAA a CBMAA vykdazaly
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nejlepsi odolnost vici adsorpci proteint zandSeni a byly vybrany pro dalsi
piipravu a/nebo tpravu scaffoldi pro tkanové inzenyrstvi.

Ve snaze zleps$it odolnost proti adhezi proteinti a zvysit hydratyci
scaffoldi na béazi poly (HEMA), byly pfipraveny hydrogely o riizném
sloZeni, ptipravené kopolymerizaci HEMA s obojetnymi (zwitterionic) ionty
(meth)akrylamidu karboxybetainu (CBAA nebo CBMAA). Tyto hydrogely
ukdzaly bezprecedentni zlepSeni hydratace (az 30000%), mechanickych
vlastnosti (taZznost az 1800%), schopnost regenerace a zna¢ného poklesu
adsorpce proteintt z komplexnich biologickych médii, napiiklad krevni
plazmy a fetdlniho hovéziho séra.

Pro zajisténi kontroly nad pfesnym tvarem a vnitini architekturou
poréznich scaffoldti byla pouZita stereolithografie k piipravé hydrogelii s
dokonalym  designem  gyroidové struktury pdérd  zaloZené na
biodegradovatelnych makromonomerech (MA-PDLLA-PEG-PDLLA-MA)
a zwitteriontovém CBMAA. Vsechny hydrogely vykazovaly vysokou
hydrataci a odolnost proti nespecifické sorpci proteinti. Kovalentni
imobilizace proteinu na povrchu hydrogelii s vyuZitim karboxylové skupiny
CBMAA komonomeru byla tspéSnd a homogenni napii¢ porézni strukturou
hydrogelu.

Konecénég, aby se zabranilo adsorpci proteind z biologickych tekutin a
nésledné bunééné adhezi, byl zaveden novy pfistup k tdpravé povrchu PCL
nanovlaken zavedenim ,,antifouling” polymernich kartd¢ pomoci techniky
SI-ATRP. Pro zajisténi funkéni skupiny pro imobilizaci SI-ATRP iniciatoru
byla na povrch PCL nanovldken uloZena biomimetickd PDA. Ctyfi druhy
vybranych ,.antifouling” polymernich karta¢ti byly péstovdny z povrchu
nanovldken beze zmény porézni nanovldkenné struktury a zhorSeni
vzajemné komunikace téchto pérG. Odolnost proti nespecifické bunécné
adhezi byla hodnocena tim, v kontaktu vldken s fibroblasty. Buriky se rychle
adherovaly a rozprostfely na Cistych PCL nanovldknech i nanovldknech
potaZzenych PDA, které vytvarely interakce bunka-matrice zprostfedkované
pfedem adsorbovanou vrstvou proteint z kultivaéniho média. Za to vSechna
nanovlakna modifikovand ,antifouling polymernimi karta¢i byla schopnd
zcela potlacit nespecifické adsorpce proteind, a tim i buné¢nou adhezi.

Materidly prezentované v této praci ukdzaly vyrazné zlepSeni odolnosti
vudi nespecifické adhezi proteint a s tim souvisejici nespecifické bunééné
adhezi. Pfipravené scaffoldy maji vysoky potencidl pro pouZiti jako zdklad
pro dalsi funkcionalizaci bioaktivnimi latkami pro specifické bunécné
adheze a kultivace bunék, stejn¢ jako pro vytvafeni vhodnych interakci mezi
bunkami a extraceluldirni matrix. Metody pouzivané pro piipravu
mantifouling* scaffoldti jsou do urcité miry univerzdlni a mohou byt
roz§ifeny pro ruzné typy materidli tak, aby bylo dosaZeno specifickych
interakci se scaffoldem.
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