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SUMMARY

Cancer is a leading cause of death throughout thedwWorld Health
Organization) being responsible for 84 million &faths between 2005 and
2015 making the development of novel biomedicahnetogies/and or
strategies to improve conventional chemotherapfeapmost importance.
The central focus of current researches is to as&rehe survival time and to
enhance the patient quality-of-life. Unfortunatefigr several treatments, a
limited dosage reaches the desired tumor site,ltimguin ineffective
responses, mainly due to the lack of tissue selgctiof the
chemotherapeutic to the cancer site. Soft matteserablies as
nanotechnology based systems can reach the désimen site with higher
drug amounts then their free drug counterpartse®@am this, emphasis is
put here to the current investigations and potentael approaches towards
overcoming the remaining challenges in the fieldclémotherapy through
soft matter assemblies as well as to a brief oeenaf formulations that are
in clinical trials and marketed products (succdssfases). Taking into
account the higher levels of accumulation in turramd based on the main
advantages and drawbacks of each of the soft matsamblies described,
drug-loaded block copolymer micelles and biodedoéalapolymeric
nanoparticles (responsive and non-responsive) sedeeted and synthesized
as soft matter systems to improve the conventi@ha@motherapies, and
perhaps, enhance the patient quality-of-life coreditwith the cancer
disease. These features are presented alongeiis.th

Keywords: biodegradable nanoparticles, drug-loadbbck
copolymer micelles, cancer therapy, nanomedicine;cpnical and clinical
progress of nanomedicines, soft matter nanomedicimsponsive and non-
responsive polymer nanoparticlasyitro cells testsin vivo animal tests.



SOUHRN

Nadorova onemoeni jsou celosstové nejpaetnsjSi pricinou umrti (podle
Swtové zdravotnické organizace, WHO) s¢teon olgti prevySujicim 84
milion za obdobi 2005 az 2015. Vyvoj novych biolékgch technik a
strategii pro zlepSeni konweri chemoterapie je proto nanejvysleFity.
Sowasny vyzkum je zadiien na prodlouZeni dobye¥iti a zvySeni kvality
Zivota pacient. Pii vétSiné sowasnych tyfi lécby se vSak pouze omezena
davka |€iva dostane do nadorové oblasti, coz ma za nésledalou
Gcinnost l&by predevSim vinou nedostdtee selektivity léiva k nadorové
tkani. Nanotechnologicky usfgdané polymernic¢astice mohou cilen
dopravit do nadoru &Si davky I€iva, nezli g pouziti volného léiva.V
Uvodu této prace se sotesfujeme na aktualni vyzkum a nové moznosti
piekonani obtizi v oblasti chemoterapie pomoci sapuiadanych
polymernich systéi jakoZz i na strény piehled systéiin prochazejicich
klinickymi zkouSkami, pipadré i uvedenymi na trh v Ggpnych gipadech.
Po posouzeni vyhod a nevyhod jsme z moznych sarotadgnych
polymernich systéfvybrali micely blokovych kopolyméra nandastice z
biodegradovatelnych polymer(nereagujicich nebo reagujicich naéam
vngjSiho prostedi). Syntetizovali jsme nové systémy s cilem zeps
konvereéni chemoterapie a zvySeni kvality Zivota padiest nadorovym
onemocknim. RedloZzena dizertace popisuje jednotlivé postupyaatmbsti
téchto systér.

Kli¢ova slova

biodegradovatelné naddéstice, micely blokovych kopolymir lécba
nadorovych onemoeni, nanomedicina, polymerni nasstice reagujici na
zmeny vrgjSiho prostedi, in vitro bugcné testy, in vivo testy na Zatech.
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1. Introduction

Because cancer is a leading cause of death thratghe world
(WHO estimates that cancer caused and will cause the deaths of 84 million
people between 2005 and 2015) the current investigations are focused on the
discovery of novel, powerful anticarcinogenic compds, as well as the
development of novel biomedical technologies to rionp conventional
therapies. The central focus of current researdo iscrease the survival
time and to enhance the patient quality-of-life. n@Gentional cancer
treatments are currently based on chemotherapgrtunfitely, for several
treatments, a limited dosage reaches the desin@drtsite, resulting in
ineffective responses mainly due to lack of tissekectivity. Consequently,
current research investigations are devoted toe@sing the efficacy and
selectivity of known chemotherapeutics rather thdiscovery of novel
compounds. In this way, it is important to undewdtatumor site
pathophysiology and its distinct features compavétd normal tissues. This
knowledge is emerging as an alternative for ovemmgmthe lack of
specificity of conventional chemotherapeutic treatits. Soft matter-based
nanomedicines (Figure 1) can specifically be dexigrnto improve
diagnostics and cancer chemotherapy efficacy toe@se significantly the
selectivity to the tumor environments.
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Figure 1. Main classes of soft matter nanomedicines in eatierapy.

Herein, we highlight in particular liposomes, pobmdrug
conjugates, drug-loaded block copolymer micelled dmiodegradable
polymeric nanoparticles, emphasizing the currenvestigations and
potential novel approaches towards overcoming ¢hgaming challenges in
the soft matter-based nanomedicines for chemothieife also present a
brief overview of formulations that are in clinicsfials and marketed



products publication 1). Based on vehicle-related and physiologically-
related barriers (to hanoparticles accumulatiotuimors - selectivity) and on
the main advantages and drawbacks of soft mattevmedicines already in
clinical trials (Table 1), selected drug-loadeddil@opolymer micelles and
biodegradable polymeric nanoparticles (responsiue aon-responsive)
were synthesized, characterized and theiwvitro or in vivo efficacy as
cancer chemotherapeutics, was demonstrated.

Table 1 Advantages and drawbacks of different soft mdtgered nanomedicines.

Systen Main advantage Main drawback
usually large structures which may red
encapsulation of hydrophilic and/or hydrophobicrage extravasation efficiency
Liposomes both drugs formulated in non-covalent way drug leakage (instability of system during
biodegradability storage and transport to target tissue)
no simple manufacturing
simple manufacturir
Biodegradable size control surfactants for stabilization
polymeric stability during circulation physically incorporation of just

nanoparticles

biodegradability

agents can be formulated in a non-covalent way

hydrophobic agents

Block
copolymer

micelles

small size enabling effective EPR accumulation
agents can be formulated in a non-covalent way
biodegradability

simple manufacturing

Poor in vivo stability and possib
dissociation upon injection
limited loading capacity
physically incorporation of just

hydrophobic agents

Polymer-drug
covalent

conjugates

higher aqueous solubility of attached hydrophobjersa:
high loading capacity
stability during circulation

encapsulation of hydrophilic and/or hydrophobicrage

instability of polyme-drug linker.
no simple manufacturing
non biodegradability

agents must have suitable functional groups




2. Goals of the thesis

Cancer is a leading cause of death throughout tbddw(see
Introduction) making the development of novel biaiisal technologies/and
or strategies to improve conventional chemothespfaipmost importance.
The central focus of current researches is to aserehe survival time and to
enhance the patient quality-of-life. Unfortunategr several treatments, a
limited dosage reaches the desired tumor site,ltimguin ineffective
responses, mainly due to the lack of tissue selgctiof the
chemotherapeutic to the cancer site. Soft mattesemablies as
nanotechnology based systems can reach the désimed site with higher
drug amounts then their free drug counterpartse®@am this, emphasis is
put here to the current investigations and potentigel approaches towards
overcoming the remaining challenges in the fielccloémotherapy through
soft matter assemblies as well as to a brief oeanaf formulations that are
in clinical trials and marketed products (succdssfases). Taking into
account higher levels of accumulation in tumors &aded on the main
advantages and drawbacks of each of the soft matsamblies described,
drug-loaded block copolymer micelles and biodedgoéalapolymeric
nanoparticles (responsive and non-responsive) selerted as soft matter
systems to improve the conventional chemotherapied,perhaps one day,
enhance the patient quality-of-life committed witie cancer disease. These
features are presented along this thesis in the fof topics and as
publications from 1 to 6:

- Soft matter assemblies as nanomedicine platforms.
(Soft matter assemblies as nanomedicine platforms ¢ancer

chemotherapy: a journey from market products towaavel approaches.
Current Topicsin Medical Chemistry 2015 15, 328-344).

Combination chemotherapy trough non-responsive suftter
assemblies as nanomedicine platfor(@®mbination chemotherapy
using core-shell nanoparticles through the seléaddy of HPMA-based
copolymers and degradable polyesfeurnal of Controlled Release 2013
165, 153-161).

- pH-responsive soft matter assemblies for cancenotteerapy.
(Novel poly(ethylene oxide monomethyl etherpoly(e-caprolactone)
diblock copolymers containing a pH-acid labile kegaoup as a block



linkage -Polymer Chemistry 2015 5, 3884-3893; pH-triggered release of
paclitaxel from nanoparticles made from biodegréeldddock copolymer
containing ketal groups between polymer blocksRSC Advances
Communication 2015 under review; Nanoparticles of polif2-
hydroxypropyl)imethacrylamidel)-poly[2-diisopropylamino)ethyl
methacrylate] diblock copolymer for pH-triggeredesese of paclitaxel.
Polymer Chemistry 2015 6, 4946-4954).

ROS-responsive soft matter assemblies for can@motherapy.
(Fluorescent boronated-based polymer nanoparticigsreactive oxygen
species (ROS)-triggered cargo release for drugeeigli applications.
Nanoscale, 2015)



3. Results and discussion

3.1 Non-responsive soft matter assemblies for carteemotherapy.

3.1.1 Combination chemotherapy trough non-responsive saftatter
assemblies as nanomedicine platforms (publicatign 2

A novel approach for nanoparticle-based combinaticmemotherapy
simultaneously incorporating two ftérent antitumoral agents (Dox —
doxorubicin and Dtxl — docetaxel) into a single ypoéric nanoparticle is
herein briefly discussed. The self-assembly of\a akphatic biodegradable
copolyester PBSBDL (poly(butylene succinatebutylene dilinoleate)) and
a HPMA-based (hydroxypropyl methacrylamide) copayntontaining
cholesterol (PHPMA-chol) (Figure 2) units enablesparation of narrowly
distributed sub-200 nm “stealth” degradable polymaanoparticles, which
are suitable for passive tumour targeting and coatlin chemotherapin
Vivo.

PBSPBOL PHPMA- PHPMA-c10-Dox

7 oTXL

NPDox NPDtxI-Dox

Figure 2. Molecular structure of the PBSBDL copolyesteleft, PHPMA-Chol - middle and
PHPMA-chol-Dox -right (top) and schematic representation of the produced ($B&om)
(PBSBDL - black, PHPMA - blue, cholesterol anchgeHow, Dtx| - green, Dox - red).

The manufactured system combines desirable chasdicte of polymeric
NPs and HPMA-based polymer drug conjugatgshigh drug encapsulation,
(ii) Doxorubicin (Dox) pH-triggered drug release arid) (combinatorial
chemotherapy. Simultaneous temporal controlled asgle of two
chemotherapeutics has been achieved through thgicghyentrapment of
Docetaxel (Dtxl) into the degradable PBSBDL copstge core and the

10



Cumulative drug release (%)

covalent attachment of doxorubicin (Dox) to the HRlgased copolymer

via pH-sensitive hydrazone bound (Fig. 3).
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Figure 3. Dtxl and Dox release profiles from core-shell NREDox at pH 5.0 (Dtxle; Dox e)
and pH 7.4 (Dtxlo; Dox o) (left), in vivo effect of core-shell NPs on the growth of T cell
lymphoma EL-4 ifidle) and Kaplan-Meier survival plot of miceight); NPDtxl () 2 x 5 mg
Dox(equivalent)/kg, NPDox-) and NPDtxI-Dox {) 2 x 5 mg Dox(equivalent)/kg, Free Dtx) @

x 5 mg Dox(equivalent)/kg; Free Dox)(2 x 5 mg Dox(equivalent)/kg, untreated contrgl (
(Student's T-test; P<0.005).

The cargo capacity and the relative ratio of draigsamenable to fine tuning
by varying the amount of bound drug during HPMA a@lgmer synthesis
and NPs formulation (as previously described, Eedét al., Soft Matter
2012. Multivalency of the PHPMA polymer precursor alsmlows
attachment of targeting moieties enabling the comtivn of passive and
active NPs targeting. The increased efficacy of thembination
chemotherapy (NPDtxl-Dox) in comparison to NPDtridaNPDox (dose-
equivalent) is evident (Fig. 3). Mice treated withre-shell NPDtxl-Dox
survived significantly longer compared with eitheontrol of separately

administrated Dox-loaded and Dtxl-loaded NPs.

3.2 Responsive polymer nanoparticles for cancer cheneoapy

3.2.1 pH-responsive soft matter assemblies foreracitemotherapy.

3.2.1.1 Novel poly(ethylene oxide monomethyl ether)(MPEGpbly(e-
caprolactone)(PCL) diblock copolymers containingpdd-acid labile ketal
group as a block linkage(publication 3)and pH-triggered release of

11



paclitaxel from nanoparticles made from biodegradalblock copolymer
containing ketal groups between polymer blodksiblication 4).

Herein, a new synthetic pathway was reported fergynthesis of a novel
class of well-defined biocompatible and biodegraelaeid-labile MPECh-
PCL diblock copolymers containing ketal groups Exlb linkers. The PEO
and PCL polymers were chosen as building blocksesiare of special
interest for their environmental, biomedical an@phaceutical applications.
PCL is an aliphatic hydrophobic polyester with gneatential as biomaterial
due to its unique combination of biodegradabilibd dbiocompatibility and
PEO is a hydrophilic and very flexible biocompatilppolymer, non-toxic
and easily eliminated from the body. For the sysifiea multistep efficient
pathway was selected resulting in new block copelgmwith reasonable
yields. Different synthetic routese.§., carbodiimide chemistry, click’
reaction and ring-opening polymerization) were aupfor the preparation
of low-molecular-weight compounds as precursors doilding the acid-
labile ketal group of the MPEG-PCL diblock copolymers, herein referred
to as MPEQyb-PCL;; and MPEQ,-b-PCLy,. Well-defined nanoparticles
were prepared by the assembly of the new amphipMPEQ,-b-PCL,-,
block copolymer. The NPs structure and properties wharacterized in
detail by dynamic (DLS) and static (SLS) light seghg, nanoparticle
tracking analysis (NTA) and transmission electroicrascopy (TEM),see
Figure 4. On decreasing pH the acid-labile ketakdr enabled the
disassembly of the nanoparticles (loaded with tma) in a buffer that
simulated the acidic environment in endosomal arngsodomal
compartments. As a result the chemotherapeutidtgeel was released and
the polymer particles disintegrated into neutragrddation products as
confirmed by size exclusion chromatography (SEQ) @arbon-13 nuclear
magnetic resonance spectroscoiZ (NMR) and by irin vitro cell viability
tests.

12
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Figure 4. Size distribution as obtained from NTA for the EB)4-b-PCL;7 NPs under pH17.4(a)
and pHO5.0 after 72 KHb) and paclitaxel release profiles from MPE®-PCL,~PTX NPs at pH
5.0 ¢) and 7.4 ) (c). SEC chromatograms in THF of MPE&-PCL;; diblock copolymer (black
line), a-methoxye-hydroxy-poly(ethylene oxide) macromer containingedal group (blue line)
and the MPEQ:-b-PCLy7 diblock copolymer after degradation (phosphattfelbisaline) at pHJ
5.0 for 48h (red linefd) and**C NMR spectra of MPEQ-b-PCLy; diblock copolymei(e) before
degradation an€f) after degradation.
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In addition, thein vitro cell viability experiments demonstrated the great
potential of the pH-triggered NPs as drug-deliveygtem in cancer therapy;
thein vitro cytotoxicity studies showed an important incremsactivity of
the NP-loaded with drug and the drug-free NPs agratled into well-
known and FDA-approved by-products that introdugeaxicity to cells.

3.2.1.2 Nanopatrticles of the poly([N-(2-hydroxypropyl])medkrylamide)-
b-poly[2-(diisopropylamino)ethyl methacrylate] didatk copolymer for pH-
triggered release of paclitax¢publication 5).

The potential of self-assembled NPs containing fine tunable pH-
responsing property of the hydrophobic poly[2-@lisopylamino)ethyl
methacrylate] (PDPA) core and the protein repelent the hydrophilic
poly[N-(2-hydroxypropyl)methacrylamide] (PHPMA) shell om vitro
cytostatic activity has been explored on cancefscélhe amphiphilic
diblock copolymer (PHPMA-PDPA) was synthesized by RAFT technique
which allows excellent control of polymer chain dgim for methacrylamides.
The PHPMAb-PDPA block copolymer dissolved in organic solvent
(ethanol/dimethylformamide) undergoes nanopredipita in phosphate

buffer saline (PBS, pHl7.4) and self-assembles into regular spherical NPs

after solvent elimination. The NPs structure andopprties were
characterized in detail by DLS, SLS and electroptior (ELS) light
scattering (Fig. 6), small angle x-ray scateringXS) and (cryogenic) cryo-

13



TEM. The PHPMA chains prevented the fouling of pio$ resulting in a
remarkable stability of the NPs in serum. On desireppH the hydrophobic
PDPA block becomes protonated (hydrophilised) &rarrow range of pH
(6.51< pH < 6.85;ApH 00.34) resulting in the fast disassembly of the NPs
and chemotherapeutic drug release at simulatedicaeidvironment in
endosomal and lysosomal compartments. Minimal amaindrug was
released above the threshold pH of 6.85. irhgitro cytotoxicity studies
showed an important increase in activity of the INg&ded with drug
compared to the free drug. The particle’s size wetle cut-off size of the
leaky pathological vasculature (less than 100 rih®,excellent stability in
serum and the ability to release a drug at the smdal pH with
concomitant high cytotoxicity makes them suitabéndidates for cancer
therapy, namely for treatment of solid tumours bithig high tumor
accumulation of NPs due to Enhanced Permeability Ratention (EPR)
effect.
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Figure 5. (a) Potentiometric acid-base titration curve for the FRHNs-b-PDPAs block
copolymer in terms of overall scattering intendiityd squares) and zeta potential values (black
circles) and(b) intensity-weighted size distribution for the PHPMA-PDPA, NPs at pH 7.4
(black circles) for the nanoparticles at pH 5.@(sguares) and the single block copolymer at pH
5.0 (blue dashed lines); scattering angle 173°cenimation of 1 mg- mt diluted in PBS at 37 °C.
Drug release profiles from paclitaxel-loaded PHPMBPDPA s block copolymer NPs at pH 7.4
(PBS, closed black squares) simulating transpoktiaod and at pH 5.3 (PBS, closed red circles)
simulating the acidic environment in endosomal &rsbsomal compartments at 37 {€) cell
viability of HelLa cell line after 48 f{d) incubation with different concentrations of fre@&XP
(closed blue circles) and PTX-loaded PHPMB-PDPA s (closed black squares) NPs. DMSO
0.15% (open blue squares) and blank PHRMAPDPA os NPs (open black squares) were used as
controls.
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3.2.2 ROS-responsive soft matter assemblies farezashemotherapy.

3.2.2.1 Fluorescent boronated-based polymer nanoparticleghweactive
oxygen species (ROS)-triggered cargo release forugddelivery
applications(publication 6;Nanoscale 2015, submitted).

Biocompatible and biodegradable ROS-sensitive petybackbone with the
capability of treatment and cellular imaging to R environment was
synthesized by step-growth polymerization from nmoars bearing a ROS-
degradable pinacol-type boronic ester and alkynéetyeuitable for click

chemistry-based attachment of active casge $cheme 1L

0._.0
B

; s
o
ci o
HO OH + HO oH + YW\(
) a
monomer 1 monomer 2 pimeloyl chloride

DMA | Pyridine

0. _.0

z

(o}

Polymer 1

Scheme 1 Synthesis of the ROS responsive polymer beahieguniversal monomer 2 for click
reaction.

We have shown evidence that polymer NPs, bearingcpi-type boronic
ester linkers (P-1 NPs) trigger self-immolativeypoér degradation (Fig. 6a
and 6b) and subsequently release the cargo drulgeirpresence of ROS
concentrations typically present in inflamed tissuand intracellular
environment of certain tumor cells (50 uM — 1 mMQ3). In vitro data
proved that the presented polymer system reledsednbdel drug much
more efficiently in comparison to a non-ROS-respans polymer
counterpart (P-2 NPs) (Fig. 6¢) as well as spallficand efficiently in
prostate cancer (PC-3) cancer cells, while theaselen non-cancer cells
from human fibroblast (HF) is low (Fig. 6d).

15
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Figure 6. Distributions ofRy for P-1 ©) prior the HO, addition and ¢) after 24h of incubation in

1 mM of H0, (a) and SEC chromatograms of P-1 prior to thetaddbf H,O, (black line) and
after degradation in 20% PBS/DMF solutions contajn200 uM, 500 pM and 5 mM of,8,
incubated at 37 °C for 1 day (b). Quantitative dase of NR total fluorescence (c) in PC-3 cells
upon incubation up 4 h of responsive (P-1, blue) mon-responsive (P-2, green) NPs and NR total
fluorescence decrease (d) after 4 h on PC-3 cetisam HF cells from responsive P-1 polymer
NPs.

This evidences that the P-1 polymer NPs can be fmedelective cargo
release (NR or drugs) in cancer cells. It is sufgubby the visualization of
the co-localization studies performed by FLIM afé@nultaneous excitation
at 485 nm and 640 nm of the NR-loaded- and Alx6édided NPs in PC-3
cells and in HF cells (Fig. 7). By using 2 fluorapes we could
independently follow the intracellular fate of car@physically entrapped
NR) and polymer (stained covalently with Alx647)pr€erning the dye co-
localization in PC-3 cells the cytoplasm was diffety colored with the
released NR (Fig. 7a). However, the NPs (or polyaggregates) might still
be present in the cells and perhaps not yet cosipleiegraded (Fig. 7b).
Oppositely in HF cells extensive co-localization iR (Fig. 7¢) with the
NPs (Fig. 7d, blue) was observed, but only mindfudé background
fluorescence throughout the cell volume.

16



Figure 7. Confocal microscopy study of P-1 NPs in P@3 b) and HF(c, d) cells after 8 h
incubation, visualizing the co-localization of @aked) Nile Red (physically loaded into NPs) and
Alx647 (covalently bound to NPs). The fluoresceneas imagedvia FLIM microscopy after
separate excitation at 485 r{m c)and 640 nntb, d). In a, b locations with high polymer content,
but little co-localizing NR are pointed out (cirgl@ndvice-versa (square). Irc, d the fluorescence
patterns predominantly co-localize (squares). $frdromogenously distributed NR fluorescence
in the cell is observed in P@8) but not in HF(c) cells.

To investigate the inhibitory effect on tumor cetlse ROS-responsive (P-1)
and non-responsive counterpart (P-2) NPs were tbadth the antitumor
drug paclitaxel (PTX). The cell viability assay mgialamarBlug was used
to examine then vitro cytotoxicity as a classical approach to evalubte t
direct effect of the PTX-loaded P-1 and P-2 NPsamget cancer and normal
cells, respectively. For these experiments, cetidithat are well-known for
varied amounts of ROS production as human Helaircara (Hela),
colorectal adenocarcinoma (DLD1) and PC-3 celldingere selected and
compared with HF cells (normal cells). These cedlbility experiments
demonstrated herein that under the studied comgitibe PTX-loaded P-1
NPs (ROS-responsive) appear to be more effecti@e the P-2 NPs (non-
responsive counterpart NPs) in tumor cells (Fig.T8)e presented polymer
might be a promising candidate for applicationsdativery system and
imaging agent (theranostics) aimed at specificailamed and/or cancer
cells.
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Figure 8. Incubation of PTX-loaded P-1 and P-2 NPs with PA@8La and DLD1 cells for 72h in
medium with 10% serum (a). A similar incubation esment was done in incubation medium
with only 2% of serum, comparing again the ceke$irPC-3 (b), DLD1 (c) and Hela (d) cells after
72h incubation.

4. Conclusions

After a brief overview of the current status of tsofatter nanomedicine
formulations that are in clinical trials and masdeproducts the synthesized
responsive and non-responsive soft matter assesniéze discussed and
presented. We demonstrate the efficacy of the coatioin chemotherapy in
comparison to single NP-loaded drugs in vivo experiments from
biodegradable/biocompatible non-responsive (PBSPRDpolymer) NPs
loaded with Dox and Dtxl or loaded with both drulgsin vitro cytotoxicity
studies of pH-responsive block copolymer (MPB®CL block copolymer)
NPs loaded with paclitaxel showed an importantease in activity of the
NP-loaded with drug and showed that drug-free NBslagraded into well-
known and FDA-approved by-products that introduoetaxicity to cells.
Also in in vitro experiments the potential of block copolymer (PBIRA
PHPMA) NPs containing fine tunable pH-responsingperty of the
hydrophobic PDPA core and the protein repellenceth&f hydrophilic
PHPMA shell was demonstrated. The PHPMA chainserad the fouling
of proteins resulting in a remarkable stabilitytbé NPs in serum and on
decreasing pH the hydrophobic PDPA block becomestopated
(hydrophilised) in the narrow range of pH (6.5pH < 6.85; ApH [10.34)
resulting in the fast disassembly of the NPs aneneitherapeutic drug
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release in model cancer cells. Finally, a biocoibpebiodegradable ROS-
responsive soft matter assembly was prepared €ar delivery and imaging
of ROS-rich environmentdn vitro data proved that the presented polymer
system released more the model drug in comparispna tpolymer
counterpart as well as specifically and efficierittycancer cells, while the
release in non-cancer cells (HF cells) was low mgkihe presented polymer
a promising candidate for applications as deliv@rstem and imaging agent
(theranostics) aimed at specifically inflamed andéncer cells.
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1. Uvod
(s patem olgti prevySujicim 84 miliod za obdobi 2005 az 2015 podle
Swtové zdravotnické organizace), sagné vyzkumné Usili se sotesiuje
na nové tinné protinadorové sl@eniny a na vyvoj novych biolékskych
technologii vylepSujicich seéasnou I[ébu. Vyzkum je zamien na
prodlouzeni dobyieZziti a zvySeni kvality zZivota paciéntKonveréni I&ba
rakoviny je zaloZena zejména na chemoterapii, auS&kSiny v sodasnosti
pouzivanych l&v se pouze omezena davkail@ dostane do nadorové
oblasti, coz ma za nasledek malogindost l&by predevSim vinou
nedostaténé selektivity léiva k nadorové tkani. Séasné vyzkumné Usili se
proto souseduje na zlepSeni dnnosti a selektivity znamych
chemoterapeutik a stgjrjako na vyvoj novych latek. Z tohotaiebdu je
dulezité porozunst patofyziologii nadorovych tkani a jejich odliStioed
zdravych tkani. Vyuziti&chto znalosti je alternativou Kgkonani chygjici
selektivity konverini chemoterapeutickéddy. Polymerni nanotéva (Obr.
1) Ize cileg pripravit tak, aby se zvysSila ¢innost diagnostiky a
chemoterapie a selektivita k nadorové tkani.
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Obr. 1. Hlavni druhy polymernich nanglé pro I&bu nadorovych onemoéni.

Zde se zawfujeme pedevSim na liposomy, konjugaty polymeti®,
kopolymerni micely nesouci d&o a biodegradovatelné naféstice s
dirazem na aktudlni vyzkumné &mwm a nové pistupy k pekonani
existujicich obtizi P aplikaci polymernich nanol& a chemoterapie.
RovnéZz tak pgedkladame stitny prehled formulaci, které se nachéazeji v
riznych fazich klinickych zkouSek a w@Smych komemich produkd
(publikace 1). Akumulace nasstic v nadorech je vystavena fyziologickym
piekdzkam a fekazkam vyplyvajicim z konstrukce nisil&iva. S jejich
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uvazenim a po analyze polymernich na#igléu kterych probihaji klinické
1) jsme syntetizovali a figpavili vybrané
biodegradovatelné polymerni nastice a micely blokovych kopolymier
nesouci l&ivo. Systémy byly charakterizovany a byla stanovésjech

zkousky (Tabulka

chemoterapeutick&in

nost in vitro an vivo.

Tabulka 1 Vyhody a nevyhody polymernich nantiié

Systém Hlavni vyhody Hiavni nevyhody
Enkapsulace  hydrofobnich  a/nebo Obvykle jde o velké asociaty, které snizuffininost
hydrofilnich latek extravasace
Liposomy Lésivo je v systému vazano Unikani I&iva z asociatu (nestabilitatipskladovani a
nekovalents b&hem transportu do cilové tkdn
Biodegradovatelnost Slozita vyroba
Jednoducha vyroba
Rizeni roznéru Pritomnost povrchavaktivnich latek pro stabilizaci
Biodegradovatelné polymerni  Stabilita v krevnintesisti

nanotastice

Biodegradovatelnost

Léivo mize byt v systému vazano
nekovalents

Fyzikalni inkorporace pouze hydrofobnickilé

Micely blokovych kopolymeri

Maly rozmér umodiujici  &innou
akumulaci EPR efektem

Léivo mize byt v systému vazano
nekovalents

Biodegradovatelnost

Jednoducha vyroba

Nizka stabilitan vivo a mozna disociace po aplikaci

Omezeny obsah transportovanéhive

Fyzikalni inkorporace pouze hydrofobnickilé

Kovalentni konjugaty polymer -
légivo

Vy38i  rozpustnost  konjugovanych
hydrofobnich latek ve vodném priesdi

Vysoky obsah transportovanéhailé

Stabilita v krevnintecisti

Enkapsulace hydrofilnich i
hydrofobnich latek

Nestabilita spojek polymer -di&o

Slozita vyroba

Nejsou biodegradovatelné

Aktivni slozka musi mit vhodné funki skupiny
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2. Cile dizertace

Vzhledem k tomu, Ze nadorova onem@uinjsou celosstové prevazuijici
pii¢inou amrti (viz Uvod), je velmi @eZity vyvoj novych biolékskych
technik a strategii pro vylepSengzmych chemoterapeutickych posiup
Sowasny vyzkum se énuje gevazrit prodlouzeni doby ieziti a zvySeni
kvality zivota pacient. Pro mnoho l&bnych postup se vSak pouze
omezenacast I€iva dostane do nadoru,iquevSim vinou chyjici
selektivity chemoterapeutického ¢i¢a pro nadorovou tké Polymerni
asociaty mohou dopravit do nador#tsi mnozstvi l&va neZzli i pouziti
léciva ve volné podoh V této praci se soustfujeme na aktualni vyzkum a
nové moznosti ¥ekonani obtizi v oblasti chemoterapie pomoci
samouspiadanych polymernich systénjakoz i na strény piehled systérin
prochazejicich klinickymi zkouSkami,fipadré i uvedenymi na trh v
UspsSnych pipadech. Po posouzeni vyhod a nevyhod jsme z mbznyc
samouspitadanych polymernich syst@m vybrali micely blokovych
kopolymefi a nandastice z biodegradovatelnych polyrignereagujicich
nebo reagujicich na zmy vrgjSiho prostedi). Syntetizovali jsme nové
systémy s cilem zlepSeni kon¢eh chemoterapie a zvySeni kvality Zivota
pacientt s nadorovym onemoénim. V dizertaci jsou tyto postupy a
vysledky jsou prezentovany ve fo¥rjednotlivych témat a publikaci 1-6:

- Polymerni asociaty jako platforma pro nakolé (Soft matter
assemblies as nanomedicine platforms for cancematherapy: a journey
from market products towards novel approaches.gdtiffopics in Medical
Chemistry 2015, 15, 328-344).

- Kombinani chemoterapie pragdnictvim polymernich asociéat
jako platforma pro nanaté/a (Combination chemotherapy using core-shell
nanoparticles through the self-assembly of HPMAebasopolymers and
degradable polyester. Journal of Controlled Rel28468, 165, 153-161).

- Polymerni asociaty reagujici na &my pH pro chemoterapii
nadorovych onemoeni (Novel poly(ethylene oxide monomethyl ether)-b-
poly(e-caprolactone) diblock copolymers containing a mittdabile ketal
group as a block linkage - Polymer Chemistry 20353884-3893; pH-
triggered release of paclitaxel from nanopartictele from biodegradable
block copolymer containing ketal groups betweenymelr blocks — RSC
Advances Communication 2015, v recenznfimeni; Nanoparticles of
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poly([N-(2-hydroxypropyl)]methacrylamide)-b-poly[2-
diisopropylamino)ethyl methacrylate] diblock copwmigr for pH-triggered
release of paclitaxel. Polymer Chemistry 2015,9%81644954).

- Polymerni asociaty reagujici naitpmnost reaktivnich forem
kysliku pro chemoterapii nador (Fluorescent boronated-based polymer
nanoparticles with reactive oxygen species (RO§}¢red cargo release for
drug-delivery applications. v recenznifmeni, 2015.)

3. Vysledky a diskuse

3.1. Polymerni asociaty nereagujici naémyn prostedi pro chemoterapii
rakoviny

3.1.1 Kombinovana chemoterapie na platfodnnanolé&fiv zaloZenych na
polymernich asociatech nereagujicich na &ny prostedi (publikace 2)

V této casti diskutujeme ifpravu nanodasticového systému pro
kombinovanou chemoterapii, kde jsou do n@sbic inkorporovany
souwasrt dw protinddorova l&va. Nan@astice jsou vytvieny
samousptadanim nového biodegradovatelného kopolyesteru PRSB
(poly(butylensukcinat-co-butylendilinoleat)) a kdpmeru zaloZzeného na
HPMA (N-(2-hydroxypropylmethakrylamid)u) a obsafuifio jednotky
cholesterolu (PHPMA-chol) (Obr. 2). Naf&stice maji rozer mensi nez
200 nm s velmi Uzkou distribuci roznd, jsou ,neviditelné* pro imunitni
systém (,stealth”), biodegradovatelné a jsou taddri@ pro pasivni cileni do
nédofi a pro kombinovanou terapii vivo.

K« s 8 N o

PBSPBOL PHPMA- PHPMA-h0l-Dox

NPDox NPDtxI-Dox

Obr. 2. Molekularni struktura kopolyesteru PBSBDL (vlev®HPMA-chol (sted) a PHPMA-
chol-Dox (vpravo) a schemdipravenych nangstic (dole): PBSBDL €erna, PHPMA — modra,
cholesterolova kotva — Zluta, Dtxl — zelena, Daservend)
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Cumulative drug release (%)

Pripraveny systém kombinuje zadouci charakteristikylymernich
nand@astic a polymernich konjugatéciv zalozenych na HPMA: (i) vysoky
obsah enkapsulovanéhgilé, (ii) uvoliovani I&€iva Dox znénou pH, (iii)
kombinovanou chemoterapii. S@snéhatasow fizeného uvdlovani dvou
chemoterapeutickych latek bylo docileno fyzikalndachycenim DTXL v
jadie degradovatelnych natdstic kopolyesteru PBSBDL a kovalentni
vazbou Iléiva Dox na HPMA kopolymer progdnictvim pH-citlivé
hydrazonové spojky (Obr. 3).

DoxpH 7.4 144 —e—Control 100
Dox pH 5.0 —o— Free Dox

Dl pH 7.4 )
Dl pH 5.0 .

—e— Free Dixl

ece o

NPDx|
—®— NPDoX
—®— NPDI-Dox

—— Control —‘

—— Free Dox
—— Free Dtxl
NPD|

/ . — NPDox
54/'/ —— NPDx-Dox ‘
0 12 24 36 18 0 5 10 15 20 25 30 35 40 0 10 20 30 40 50 60
time (hours)

tumour volume (cm?)
IS

surviving mice (%)

\\

Time after treatment (days) Time after treatment (days)

Obr. 3. Casovy profil uvohovani DTXL a DOX z nangstic i pH = 5.0 (Dtxle; Dox e) a pH =
7.4 (Dtxl o; Dox o) (vlevo), in vivo inek nandastic na st T cell lymphoma EL-4stfed) a
Kaplaniv-Meieriv graf geziti mysi ypravo); NPDtxl () 2 x 5 mg Dox(ekvivalent)/kg, NPDox (
) a NPDtxl-Dox () 2 x 5 mg Dox(ekvivalent)/kg, Free Dtx)) @2 x 5 mg Dox(ekvivalent)/kg; Free
Dox (-) 2 x 5 mg Dox(ekvivalent)/kg, kontrola (-) (StudénT-test; P<0.005).

Relativni podil léiv a inkorpor&ni kapacita mohou byt cilémastaveny
fizenim mnoZzstvi Bva vazaného na HPMA¢&hem syntézy a postupem
formulace nan&astic (jak dive popsano - E. Jager al., Soft Matter 2012
Mnohatetna valence polymerniho prekurzoru HPMA umge pipojeni
cilicich skupin umalujicich kombinaci aktivniho a pasivniho cileni
nand@astic. ZvySeni €innosti kombinované chemoterapie (n&hstice s
DtxI-Dox) ve srovnani se samotnymi DeilDox (pii ekvivalentni davce) je
patrné na Obr. 3. MySi ¢éné nandasticemi s DTXL-DOX pezily
podstatg déle ve srovnani s jednottipodanym Dox a Dtxl.
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3.2. Polymerni nari@stice reagujici na zZmy prostedi pro chemoterapii
rakoviny.

3.2.1 Polymerni asociaty reagujici naéaynpH pro chemoterapii rakoviny
3.2.1.1 Nové dvojblokové kopolymery na bazi polyetylenoxid
monomethylether-block-polgtkaprolakton)u obsahujici pH-labilni spojku
tvoi‘enou ketalovou skupinopublikace 3)Uvoliiovani paklitaxelu pomoci
zmény pH z nan@astic tvdenych biodegradovatelnym polymerem s
ketalovymi skupinami mezi blokfpublikace 4)

Vyvinuli jsme novy synteticky postup profipravu nového typu ddb
definovanych biokompatibilnich a biodegradovatemyckopolymet
labilnich v kyselém prostdi, zaloZzenych na dvojblokovych kopolymerech
MPEO-+b-PCL obsahujicich ketalové spojky mezi bloky (MPEOMXxx
polyethylenoxid, PCL — polykaprolakton). PolymenCIP a PEO byly
vybrany vzhledem k jejich dobré pouzitelnostiii pbiolékaskych,
farmaceutickych a environmentalnich aplikacich. PQ@d alifaticky
hydrofobni polyester s velkym potencialem danynojehikatni kombinaci
biokompatibility a biodegradovatelnosti a PEO jelifilni biokompatibilni
polymer, ktery je netoxicky a snadno vyiitelny z organismu. Pro syntézu
jsme zvolili rekolikakrokovou cestu kterd poskytla nové blokové
kopolymery s rozumnym w§Ekem. Pro fpravu nizkomolekularnich
slowenin jako prekurzdr pro tvorbu ketalové skupiny labilni v kyselém
prostedi byly pouzity #izné syntézy (ndpkarbodiimidova chemie,, ,click"
reakce a polymerizace otvirdnim kruhdimz vznikly dvojblokové
kopolymery MPEOb-PCL s ketalovou spojkou mezi bloky, ozeaé jako
MPEQub-PCL;; MPEQ,b-PCLy,. Asociaci  amfifiiniho blokového
kopolymeru MPEQy-b-PCLy; byly vytvareny dolie definované nardstice.
Jejich struktura a vlastnosti byly detailcharakterizovany dynamickym
(DLS) a statickym (SLS) rozptylem &la, sledovanim difize nawaéstic
(NTA — ,nanoparticle tracking analysis*) a transniiselektronovou
mikroskopii (TEM). Ri poklesu pH uvolani ketalové spojky omoznilo
rozpad nanéastic v pufru simulujicim kyselé endosomalni a $moalni
prostedi. Vysledkem bylo uvolmi inkorporovaného chemoterapeutika
paklitaxelu a rozpad polymernich na&éetic na neutraini degragd
produkty, jak jsme prokézali rozmové vylu¢ovaci chromatografii (SEC) a
pomoci*C nuklearni magnetické rezonance, a téZ in vitasfednictvim
testu Zivotaschopnosti béia
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Obr. 4. Distribuce roznsra ziskana z NTA pro nadéstice z MPEQ-b-PCLy; pii pH = 7.4 (a) a
pii pH = 5.0 po 72 hodinach (b) a profily usiohani paklitaxelu z nagdstic MPEQ4-b-PCL;+-
PTX pri pH = 5.0 ¢) a 7.4 ) (c). SEC chromatogramy v THF dvojblokového komodyru
MPEOQOy-b-PCLy7 (Sernacéara),a-methoxye-hydroxy-poly(ethylen oxid) makromeru obsahujiciho
ketalovou skupinu (modr&éara) a dvojblokového kopolymeru MPE&-PCL;; po degradaci
(fosfatovy pufr) pi pH 0 5.0 po 48h dervenacara) (d), a>C NMR spektra dvojblokového
kopolymeru MPEQ,-b-PCLy; (e) pred degradaci a (f) po degradaci.
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Kromé toho in vitro testy Zivotaschopnosti kittnukazaly velky potencial
nan@astic reagujicich na Zmu pH pro transport &v pii protinadorové
terapii. Studie in vitro cytotoxicity ukézaly vyzmay nafst aktivity

nana@astic s inkorporovanym dévem a roviz tak degradaci nagastic na
znamé meziprodukty schvalené FDA, které nejsolbpiiky toxické.

3.2.1.2 Nanodastice dvojblokového kopolymeru poly([N-(2-
hydroxypropyl])methakrylamid)-block-poly[2-(N,N-dibpropylamino)ethyl
methakrylat] pro uvoliovani paklitaxeluiizené zrénou pH (publikace 5).

Na nadorovych hikach jsme progednictvim cytostatické aktivity in vitro
testovali potencial samousfdalanych nangstic vykazujicich citlivost na
zmeény pH vytvdenych z kopolymeru obsahujiciho hydrofobni blokyfi
(N,N-diisopropylamino)ethyl methakrylat] (PDPA) jakodj@ a hydrofilni
blok poly[N-(2-hydroxypropyl)methakrylamid] (PHPMA) jako slupk
odpuzujici proteiny. Amfifilni dvojblokovy kopolyme(PHPMA-b-PDPA)
byl syntetizovan technikou RAFT, kterd umiaje velmi dobré&izeni délky
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methakrylamidového polymernitfetézce. Blokovy kopolymer (PHPMA-
PDPA) rozpudny v organickém rozpou&tle (ethanol/dimethylformamid)
se prostednictvim nanoprecipitace ve fosfatovém pufru (PBB, = 7.4)
samoasociuje do sférickych na&dastic po odstrami organického
rozpoustdla. Struktura a vlastnosti naféstic  byly detaily
charakterizovany statickym (SLS), dynamickym (DleSglektroforetickym
(ELS) rozptylem sgtla (Obr. 6), malouhlovym rozptylem rentgenového
z&eni (SAXS) a kryoelektronovou mikroskopii (kryo-TEMProtozeretézce
PHPMA zabranily adsorpci protdin byly nan@astice v séru neobgjré
stabilni. Bhem sniZzovani pH se hydrofobni blok PDPA protoniggva
hydrofilnim) v Gzké oblasti pH (6.54 pH < 6.85;ApH [00.34)¢imz dochazi
k rychlému rozpadu nasiastic a uvolani chemoterapeutickéhociga v
podminkach simulujicich endosomalni a lysosomalmosiedi. Nad
prahovou hodnotou pH = 6.85 bylo uvéfio pouze minimélni mnozstvi
léciva. Studie cytotoxicity in vitro vykazaly vyznamngaimst aktivity
nanaéstic s inkorporovoanym d&em ve srovnani s pouzitim volného
léciva. Tyto nandastice jsou velmi vhodnou moznosti prékdé nadorového
onemockni, zejména v ffpad nadofi vykazujicich vysokou akumulaci
nanaéstic efektem EPR, a tagglevSim diky jejich rozenu menSimu nez
100 nm, vynikajici stabiit v séru, schopnosti uvtdvat I&€ivo pii
endosomalnim pH a amplifikaci cytotoxickéhgnku.
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Obr. 5. (a) Potentiometricka acidobazicka titné kiivka pro blokovy kopolymer PHPMA-b-

PDPAs v reprezentaci rozptylené intenzi§e(venéctverce) a zeta potencialtefné krouzky) a
(b) distribuce rozmri pro nandastice PHPMAg-b-PDPAs pii pH 7.4 €erné krouzky), pro
nanaéstice pi pH 5.0 €ervenéctverce) a pro samotny blokovy kopolymeii pH 5.0 (modra
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tarkovan&séra); rozptylovy Ghel 173°, koncentrace 1 mg”miLPBS i 37 °C.Casové zavislosti
uvoliovani I&€iva z nanoastic PHPMAsb-PDPAs pii pH 7.4 (PBS, plnécerné ¢tverce)
simulujici transport v krevnirfegisti a @i pH 5.3 (PBS, pin€ervené krouzky) simulujici kyselé
endosomalni a lysosomalni priesti @i 37 °C (c) Zivotschopnost btk linie HeLa po 48 h (d)
inkubace s iznymi koncentracemi volného PTX (pIné modré kroyzly s nandésticemi
PHPMAgs-b-PDPA 6 s inkorporovanym PTX (pIn&ernéctverce). DMSO 0.15% (otéené modré
étverce) a samotné natastice PHPMAs-b-PDPA s (Otewrené cernéctverce) byly pouzity jako
kontrola.

3.2.2 Polymerni asociaty reagujici naémam reaktivnich forem kysliku pro
chemoterapii rakoviny.

3.2.2.1 Polymerni nan@astice zaloZzené na boronatu uvaljici Ié¢ivo v
piFitomnosti reaktivnich forem kysliku pro #u a zobrazovani zafu
rakovinné tkar¥ (v recenznintizeni).

Metodou ,step-growth* polymerizace jsme syntetibv
biokompatibilni a biodegradovatelné polymery re&gujna zmdny
koncentrace reaktivnich forem kysliku (ROS — re@ctixygen species) pro
lé¢bu a bugéné zobrazovani prasdi bohatého na ROS. Vychozimi latkami
byly monomery nesouci boronové estery pinakolov§ymu, které jsou

degradovatelné dinkem ROS a alkynovou jednotku prdipmjeni aktivni
latky ,click” syntézou (viz Schéma 1).

z

o
ci o
HO' OH + HO oH + M

monomer 1 monomer 2 pimeloyl chloride

DMA‘ Pyridine V

f
o] o

x\Po OW o/\é/\‘?k

Polymer 1

Schéma 1 Syntéza polymeru reagujiciho na ROS a obsahgjioffiverzalni monomer 2 pro
Lclick” reakci.
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Ukéazali jsme, Ze polymerni naféstice se spojkami obsahujici tyto
boronové estery (P-1) umZi degradaci polymeru kaskadovym (,self
immolative*) mechanismem a nasledné u¥ain I&iva po zvySeni
koncentrace ROS na U(rave obvyklou v zagtovych tkanich a
vnitroburg¢ném prosiedi rekterych nadok (50 uM — 1 mM HO,).
Experimentyin vitro potvrdily, Ze polymerni nardstice reagujici na ROS
uvolnily 1&ivo mnohem dinngji nez v gipad polymeru necitlivého na
ROS (P-2) (Obr. 6¢) a dale zeildo bylo uvolreno specificky v biikach
nadoru prostaty (PC-3, obsahuji vysokou koncenti@@®S), zatimco
uvoliovani v nenadorovych kikach lidského fibroblastu (HF, produkujicich
jen malo ROS) je nizké (Obr. 6d).

10] ~o- Poymer 1npson — polymer 1
—O— Polymer 1 NPs 24h =200 yM
06 —— 500 M
—— 2R, 594 104 ——SmM
& os © s
< B
« 04 2R, 069 9 z e
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Obr. 6 Distribuce rozrarii Ry pro P-1 (o) ped @idanim HO, a (0) po 24 hod inkubace v 1 mM

H,0;, (a) a chromatogramy SEC polymeru Pi#gcgidanim HO, (Sernacara) a po degradaci v

20% roztoku PBS/DMF obsahujicim 200 uM, 500 uM @M H,O, pii 370C po doby 1 dne (b).

Kvantitativni pokles fluorescence nilskérveré (NR) v buikach PC-3 (c) po inkubaci po dobu 4
hod pro nandéstice polymeru P-1 (modra) a polymeru P-2 (zelePdiles fluorescence (d) nilské
cervert (NR) po 4 hod inkubace natdstic polymeru P-1 c tikami PC-3 a bitkami HF.

To dokazuje, Ze nagéstice polymeru P-1 mohou byt pouzity pro selektivn
uvoliovani I€iva v nadorovych htkach. Vysledek je dale potvrzen
zobrazenim kolokalizace fluores¢emn metodou FLIM pouzitim s@asné
excitace na vinovych délkach 485 nm a 640 nm s ifiounilské cerverg
(NR) jako fluoroforu simulujiciho Bvo a fluoroforu Alx647 kovalenth
vazaného na nagastice, a to v hikach PC-3 a hikdch HF (Obr. 7).
Pouzitim dvou fluorofaX jsme mohli nezavisle sledovat polohu volné
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znaky simulujici I€ivo (fyzikalné zachycend nilsk&ervai NR) a polymeru
(kovalentrg ozn&eného AIx647). Obr. 7 ukazuje, ze vilkach PC-3 je
cytoplasma difGz& zbarvena uvoknou zngkou NR (Obr. 7a) avSak
nana@astice jsou staleiffomny v buikach v neulpla degradovaném stavu
(Obr. 7b). Na druhou stranu v itkdch HF jsme pozorovali rozsahlou
kolokalizaci NR (Obr. 7c¢) s nanasticemi (Obr. 7d), a pouze slabé difuzni
pozadi v celém objemu biagy.

Obr. 7. Konfokalni mikroskopie nardstic polymeru P-1 v kikadch PC-3 (a, b) a kkach HF
(c,d) po 8 hod inkubace. Zobrazena je kolokalizno@ininé znaky nilské cervert NR fyzikalns
zachycené v naddasticich a zniky AIx647 kovalentd vazané v nani@sticich. Zobrazeni bylo
ziskano metodou FLIM s excitacfigt85 nm (a,c) a 640 nm (b,d). V a, b jsou kroubpaeny
oblasti s vysokym obsahem polymeru a nizkym obsateatky NR a obdélniky ozrigny oblasti
s nizkym obsahem polymeru a vysokym obsahendlgndlR. V c, d jsou fluorescéni oblasti
prevazr kolokalizovany (obdélniky). Silnd homogennozloZzena fluorescence afkg NR je
patrna v bitkach PC-3 (a) a nikoliv v kikach HF (c).

Inhibi¢ni &inek na nadorové liky byl zkouméan s narasticemi polymeru
P-1 (reagujici na ROS) a polymeru P-2 (nereagujiei ROS) s
inkorporovanym l&ivem paklitaxel (PTX). Zivotaschopnost hikn jsme
zkoumali metodou alamarBldg pro zji$&ni cytotoxicity obou systéinna
nadorové a normalni kky. Pouzili jsme bu&né linie, které vykazuji
rozdilné Grovl produkce ROS, a sice ihy Hela néadoru, hiky
kolorektalniho karcinomu DLD1 a Blky nadoru PC-3 v porovnani s
normalnimi buitkami HF. Zjistili jsme, Ze v danych podminkach né&miice
P-1 s inkorporovanym PTX jsowiangjSi nezli nandéastice polymeru P-2
nereagujiciho na ROS (Obr. 8). Studovany polymerpimto povaZovat ze
velmi vhodného kandidata pro pouziti v transpositivl a diagnostickém
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zobrazovani (theranostika) z&feném specificky na zéty a nadorové
buiky.

Cellviabiliy, %

001 o s
PTX,uM PTX, uM

Cell viability, %

non-responsive P-2 NPs
—4— responsive P-1 NPs

] d)

Obr. 8 Inkubace nan@stic P-1 a P-2 s inkorporovanym PTX naikhich PC-3, Hela, DLD1 po
dobu 72 hod. v pro&di s 10% sérem (a). Stejny experiment s inkubacigbu 72 hod v progdi
s 2 % sérem pro baéné linie PC-3 (b), DLD1 (c) a HelLa (d).

4, Zavér

Po stréném gehledu aktualnich polymernich formulaci nadé u
kterych probihaji klinické zkousksi které jsou jiz komemné dostupné jsme
podali pehled syntetizovanych polymierereagujicich i reagujicich na
vnejSi podréty a jejich asocidt Demonstrovali jsme dnnost kombinani
chemoterapie ve srovnani s naasticemi s inkorporaci pouze jednoho
lé¢iva na in vivo experimentech s neutralnimi n&sticemi PBSBDL
kopolymeru s inkorporovanym d&gem DOX nebo DTXL nebo aima
lécivy. Studie cytotoxicity in vitro nan@stic blokového kopolymeru
MPEO-b-PCL s inkorporovanym paklitaxelem ukézalyznvgmny néaist
aktivity 1&iva. Ukazali jsme rowg, Ze nandéstice jsou degradovany na
znamé fragmenty, které jsou schvalené FDA a newjkaoxicitu Wici
buikam. V gipad nana@éstic blokového kopolymeru PDPA-b-PHPMA
jsme ukazali, Zze Ize jemimastavit citlivost hydrofobniho jadra PDPA na
zménu pH a vyuzZit odpuzovani protéinhydrofilni slupkou PHPMA.
Retzce PHPMA zabranily interakci nakdstic s proteiny a tak poskytly
vynikajici stabilitu nan&astic v séru. B klesajicim pH se PDPA blok stava
hydrofilnim v 4zkém rozmezi pH (6.51 pH [1 6.85;ApH [1 0.34) coz vede
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k rychlému rozpadu nagéstic a uvoldni chemoterapeutika do nadorovych
burgk. Pripravili jsme téz biokompatibilni a biodegradovatelpolymerni
asociaty reagujici naipomnost reaktivnich forem kysliku (ROS) pro pouzit
pii transportu léiv a zobrazovani tkani se zvySenou hladinou ROS. Na
datech in vitro jsme ukazali, Zéipraveny polymerni systém uvnlje I&ivo
vyznamr |épe a zejména cilérv nddorovych biikach, zatimco uvdbvani

v normalnich bitkdch bylo velmi nizké. Proto je tento polymernitéys
velmi perspektivni pro aplikacegigransportu léiv a jejich cileni specificky

do tkani se z&ttem nebo do nadorovych bikn
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