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ABSTRACT
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Supervisos. PharmDr Ha n a J a Psob Dr.8e¢lix . Bchdzher

Title of diploma thesis: C3 loaded block copolymer micelles: Preparationl dneir
uptake into macrophages

Since lots of patients suffntom postoperatie infectionsresulting in sepsis, there were

attempts to modulate immune system response in order to treat this pathological state.
Cobalt is a biogenic trace element,waver its direct administrationmay cause
immunological reactions The immune response&an be inflammatory or anti
inflammatory med at e d by macr ophages ( MQ) . Bot h
actions, regarding MO activation and cyt
to provoke such response MU and therefore to possibly ool theinflammatory
processNeverthelessree cob# ions are toxicln order to find asuitable and safe way

of cobalt administration, thetriblock terpolymerPEGb-PAGEcoob-PtBGE was
synthesized andssemblednto micelles inaqueoussolution Eventually the micelles

were loaded with cobalt chloride facilitate the detection in a biological vitro test

system of human monocyteer i ved Mu0O. The micelles wer .
structure, size, sipa, appearance and net chargkee amount of cobaboundinside

was determined as welfter the synthesis anchemicalcharacterisation, the micefle

were furthercharacterized for their biological application suitability. Therefaptake

intoMo and its i mpact o n Vv iwhasainvestiggtedilawad cyt o
foundoutthatthe uptake was increas®idth increasing micelle concentrationtime cell

culture medium up to concentratomf 300 >g/ml and thatthe process wasot

carriedout by clathrinmediated endocytosisThe vitality of the cells was not
significantly affected by the micelles. The cytokine release measurement suggests that

the MU coul d have be enflammatory stae aind that thenniicellesM2 a n

arepotentially a suitable drug delivesystem.
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1 Introduction

In these days, lots of patientace posbperative infections, leading in some cases
toimmune system overreactiqhngus and van der Poll 2013Jhis process occurs
during e.g. sepsis and results in multiple organ failure and eventually ((&adim
2011) Conservative methods have so far focusadantimicobial treatmentthe new
approaches, on the other hand, are aidiegttly at the immune response. Therefore,
the metal cobalt was chosen to provoke a reaction in the immune system and contribute
to immune response modulation.

Cobalt is a biogenic traceeshent, essential for various living organisms, because it
plays an important role ienzymatic processes; howevesr direct administrationmay
cause immunological reactions in the human b@arnek et al. 2015)rhe immune
respnse can be prmflammatory andor antrinflammatory. The key cells inhis
process are macrophag@s (), which are capable of phagocytosis of foreign bodies.
The phagocytosis of the cobalt particles is connected with changés iphysiology,
including their activation to M1 or M2 state andubsequently alterations
in the production of cytokines and pr@r antirinflammatory mediatorq/Czarnek et al.
2015; Mosser and Edwards 2008; Mills et al. 20Q0@)xalt ions therefore influence
animmune response in the systamd in specific formge.g encapsulated in micelles)
could al® possibly regulate this action.

However, free cobalt ions are in certain concentrations t&imonsen et al. 2012)
Thus cobalt loaded micelleBurther also referred as nanoparticleggre pepared,
characterizedhnd tested initially in a simpied in vitro system comprised of human
monocyted e r i v eAt firsMa triblock terpolymer, based goly(ethylene oxide)
blockpoly(allyl glycidyl etherblockpoly(tert-butyl glycidyl ethey (PECb-PAGEDb-
PIBGE), was synthesized biyng-openinganionic polymerizatior{Barthel et al. 2013)
The PAGE block was then functionalized witlnt@rcapto propionic acid using DMPA
as an initiator. Thigriblock terpolymemwas used because of its ability to form micelles
in water (Fig 1). The postmodification allows a better micelle loading with o
dueto the newly introduced carboxylic groups léebed by an enhanced usage

asapotential drug delivery syste(Barthel et al. @14)
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Figure 1: Modified PEO-b-PAGE-b-PtBGE micelle with cobalt

After the polymersynthesis, the micelle solution (ECT) was prepabgddialysis
method(selfassembly to micelles in agqueous solutidfgr further intended research
of micelles includng immunofluorescence microscopy, the fluorescaain nile red
was encapsulatedSubsequentlythe complexation of C8 by micelleswas performed
and thesolution was purified by dialysisTheunfunctionalized and functionalized
polymers were botlanalygd using nuclear magnetic resonar(®dMVIR) spectroscopy
and size exclusion chromatograph8KQ to investigée their structure. The micellar
solutions were additionallynalysed usingdynamic light scatteringDLS) and cryo-
electron microscopydryo-TEM) to see the particle size and appearakagthermore,
zeta potential was measured due to changes in the intérfdoizble layer
of theparticles, caused by their different compositidhe solutions containing cobalt
were furthermore examinedy inductively coupled plasma optical emission
spectrometryICP-OES to determinehe cobalt content.

After the micelles were prepareshd chemically characterizethe assessment of their
uptake into humarM i was performed usin@n immunofluorescece microscope
todetect the nile red fluorescence intensity inside M@ .This allowed adirect
correlation to the amount of micelle loading inside the ceéllsven concentrations
(including controls)were measured for both conditionsmicelles with nile red and
cobalt andmicelles only with nile red for a comparisoRour different solutions
(low/high concentrated and with/without cobalt inside) were uside red loading
of the micelles is barely controllable during their formatiohe lexact amount of nile
red encapsuleed within the micellesvas determined by spectrophotometry afterwards
Additionally, vi t al Inaftgr modle uptake with €alcetMa | y s e d
staining. In order to get some insight in mechanical processésmicelle uptake,
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endocytosis was investigated. Therefore, thentcal compound Pitste®y which
blocks theclathrindependent endocytosis Mit, was added befomaicelleincubation.
Since this assessment only shows one path of receptor mediated endocytosis,
immunofluorescent measurement was performed to examine other possible ways.
Eventually MO a c t i ateain presemce sftmicelles was assesseu &ter uptake

by the measurement oftokine release.
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2 Theoretical part

2.1 Immune system

The humanmmune system is eomplex network of biological structuréscells, cellsd
productstissues and organs, whidifferentiateforeign substancesons el f @) fr o
own healthytissues( A s eand [frotect the organism against disea@eck and

Habicht 1996) It comprisestwo main component$ innate and adaptive immune

system.

The innate immunity is responsible for mgpecific immediate responsend defends

the organism during the first hours and days. Its cells play a crucial rdietier

activation of adaptive immune respor{seanphocytes) which ison the contranhighly

specific to a provoking agent and can provide Hasggingprotection(Alberts 2004)
Occasionallythe immune system fails to function propentgferring topathological

statessuch as alleligs sepsir autoimmune diseas€aneway Jr. et al. 2001)

2.1.1 Components and function of themmune system

Innate immune system

The epithelial stfaces are the first barrier the foreign bodies encouritee. tight
junctions between epithelial cells and also a mucus layer covering interior epithelial
surfaces, physically prevents the penetration of the agents. Moreover, the mucus layer
contains pragins called defensins, which are abléntaibit growth of pathogens or even

kill them (Alberts 2004)

However, the foreigragents can sometimes evade this kind of protectioniramiat

case they are promptly confronted with cells and molecules that are able to trigger
innate immune response. The cells linked to this processwhite blood cells
(leukocytes) and includ® U, dendritic cells, neutrophilssosinophilspasophils mast

cells and natural killer celi@d\K cells) (Alberts 2004)

M0 arecells with highest phagocytic activity in the human body and wilinbéetail
describedater (chapteR.1.2).

Another plagocytic cells aralendritic cells whose dominant function ian antigen

presentatom nd t heref ore ar e t oaryds batled professional MU a
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antigenpresenting cells (APC).Immature dendritic cells pick up antigens
from pathogens and after thaigestion they migrate upon maturatioto the lymph
nodes, where the antigerarepresented to th& lymphocytes.T lymphogtes then
initiate the adaptivémmuneresponseActivated dendritic cellare also able to secrete
cytokines,which mediate communication betwebnthimmune eactiongBanchereau
and Steinman 1998)

The most abundant type of white blood celse neutrophls. They are (together
with basophils and eosinophjlgranulocytesbecause of the granules presented in their
cytoplasm. These granules contain varianimicrobial and cytotoxisubstances (e.g.
defensins, myeloperoxidase, lysozyret;), which after degranulatiorhelp to destroy
the pathogen. Neutrophils acentral cells in acute inflammation amadsq they are
capable of phagocytosfsee below] Gt vrti novs§ et al . 1995)
Eosnophils are differentiatedeukocytes located in submucosal tissues, which are
responsible for host protection against multicellular parasites, but also they are involved
in the numerous inflammatory responses and in the process ofyaierge they cay
various proteins in granules and have the ability to secrete cytoiituesan et al.
2008)

Basophils and mast cellsplay an importantrole particularly in allergic reactions
(Abraham and Arock 1998Ppue to their sim#rity, basophils have often been called
Acircul at i n dvatureamast cetlse lurlike obaghils, do not circulate
intheblood streamand settle in the connective tissuda. their granules,both
typesof cells contain preformed mediators, which aecreted after cell activation.
These mediators include histamine, heparin, -@udphate chondroitin sulphate
andneutral proteasefiryptase, chymase)On the other hand, there are also newly
generated mediatorgoften absent in resting mast cgllswhich are connected
with immunoglobulin (Ig) E mediated activation and compriaeachidonic acid
metabolites primarily prostaglandin Rin mast cells andeukotriene G in basophiles
(Gtvrtinov§g et al . .Ila&dtbn masStadls andc msophils ara |
potent sources ofytokines, mainly tumour necrosis factor (TNF), interleufdly) 4,
IL-5, IL-6 and IL-:13. Thereforethese cells act not only as effector cells in allergy, but
they also regulate immunological and physiological processtee body (Blank et al.
2013)
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NK cellsbelong to the group of innate lymphoid cells and do not affecipathogen,
but rather attack the infected or tumour cells diredthey recognizeite compromised
host cellsoy changed cell surfagdaneway Jr. et al. 2001)

Cytokinesare small signalling moleculeseleased byhe cellsof the immune system.

These proteinfacilitate communication between cells, but can also act on the cells, that
secrete them (autocrine action). Cytokine is a general name and varies acapitiing t
producer or function; lymphokine (secreted by Iympytes), monokine (secreted

by monocytes), chemokine (cytokine with chemotactic activatyipterleukin (cytokine

released by one leukocyte, acting on oth€fhpng and An 2007)

In this study, we focused dallowing cytokines, released by activateldi ( Tabl e 1) .

Table 1: Cytokines important in this study

Cytokine Short description

TNF pro-inflammatory; fever, cell apoptosis

IL-1b pro-inflammatory; fever, lymphocyte activation

IL-6 pro-inflammatory; fever, acute phase immune response

IL-8 pro-inflammatory; chemotaxis of neutrophils, innate immune respo
IL-10 antrinflammatory; downregulation of cytokines

The cells of the innate immune system express on their sypkttern recognition
receptors(PRRs) sensors with ability to detect two gpmuof moleculesi pathogen
associated molecular patterns (PAMPBs)cluding for example lipopolysaccharide
(LPS), mannose, peptidoglycans o-formylmethionine, and damagassociated
molecular patterngDAMPS), involving uric acid or extracellular ATP. PARNS
stimulate two types of innate immunity resporisgghagocytosisand inflammation
(Alberts 2004; Mahla et al. 2013)

Phagocytosigs observedmainly in MU dendritic cell s, neutr
These so called professional phagocyesress different PRRs to carry out
thephagocytosis. The first group dhe PRRs are signalling receptors. The most
abundant type representing this category arelikal receptors (TLRs)Their task is
torecognize PAMPs and activate the immune reactipelneste et al. 2007)
Thesecond group comprise endocyticceptors, e.g. mannose receptawhich

uponactivation by pathogen initiate phagocytosi@postolopoulos and McKenzie
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2001) Opsonc receptors are revther type of receptors involved in this process.
Opsonizationis a molecular mechanism, by which pathogens coated with IgG

to attract effector cells of the immune syster®@psonicreceptors(e . g . Fcp rece
arelater able to bind such labelled antigens and launch its destryi@amg et al.
2010) The phagocytic cells can be also drawn to the afflictezh dry cytokine
signalling i chemotaxis(Jones 2000)After the pathogen is recognized and bound

to thereceptor theactin polymerization is inducedhTe p h asplastng maebdane
theninvaginate theathogenpull it inward and form a membrareclosed phagosome.

The phagosome further acidifies and fuses with lysosomes, which contain degrading
proteins such as defensins, lysozymes or acid hydrol@sesprocess is terminated by
demmposition of phagolysosome content. Simultaneousktalysed bWADPH
oxidase complex on the phagosome membrame,increased oxygen consumption
called respiratory burst activates, causing rapid production of large quantésaiive
oxygen species (R§), which contribute to pathogen destructiorGt vr t i nov § et
Alberts 2004)

Acute inflammatioris characterised by productiaf numerous signalling molecules
such as prstaglandins, leukotrienes and cytokines. This cause more cells of the innate
immune response to be attracted and to combafainst pathogen.
Becausef theinfiltration of leukocytes into the site of inflammation, five basic
symptoms of inflammatioii redress, swelling, heat, pain atass offunction occur.
Endothelial cellsalsostart to release proteins, which trigger blood clotting, to prevent
spreading ofthe pathogen. All these mechanisms effective during local infections
however, canwork against hdsorganism in the processf disseminated infection

in thebloodstreamknown assepsiqAlberts 2004) Therefore there hae been attempts

to downregulate the inflammatory response and help thentstio overcome this

condition
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Adaptive immune system

The innate immune response serves as a first dinelefene, but when it fails

to eliminate the pathogen, the adaptive ioma response is called into play. The cells
associated with this process are lymphocytesThere are two main classes
of lymphocytesi T-cells and Bcells, which carry out celnediated immune response
and antibody response, respectively.

In cell-mediated inmune responsdhe antigen is delivered into lymph nodes and
presented to Tells by APC. After that,T-cells might either immediately Kkill
theinfected cell-cyt ot oxi ¢c T <cell s (Tc), or produc
induce destruction dhe pathgen- T helper (Th) cellgAlberts 2004) Th cells further
divide into Thl cells and ThZells. Thl cells secrete H2, interferoned (IFN 9 and
lymphotoxinU and stimulate type | immune response, which is charageteris
by promotion of phagocytosisTh2 cells, orthe otherhand, release W4, IL-5 and
IL-13 and induce type Il immune response, associated with high levelskbafdanand
eosinophilsand therefore are effective against extracellular pargisés/ 2015)

In antibody responsehe B-cells are activated to secrete immunoglobulins. These are
released into bloodstrearmnd other body fluids, where they bind to their specific
antigen. By this action, they prevent binding of the pathogen to the host cell and

furthermore oponize it to attract phagocytéslberts 2004; Janeway Jr. et al. 2001)

2.1.2 Role of macrophages

MO ar e | ar gra adas APC @ ynairephagocytes in the immuriersyare
essentiakey modulator and effector ceilstheinnate immune response

They originate in bone marrow and develop from stem cell through following stages:
committed stem cell monoblasti promonocytei monocyte in bone marrow
monocyte in periperal bloodi Mu. The blood nenocytes are already capable

of migration, chemotaxis, pinocytesiand phagocytosisAs the monocytes enter
thetissue through endothelium of the blood vessels, they experience further
differentiation to become multifunctional tissiii.

Resdent issue macrophagesan be found for example in central nervous system

(microglia), l ungs (al veol ar MG ) i ver
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mesangial cells), connective tissue (histiocytes) or bones (osteo¢laSts)v r t i nov § e

1995)
I n tissues, MO di splay remarkabl e responsi
microbial prode t s , growt h factor s, cytokines, e

physiology and when produced by antiggrecific immune cells, the lorgrm
alteratons ni se IIMor BRlover, MG themselves produc
affect their own physiologyGordon 2007)During the immune respond8id b e c o me
activated andacquirespecialized functional phenotypeStudy from Mills et al. set

theevi dence that MO can be act,jmoMiadM2 n a c

state respectively{Mills et al. 2000)

M1 M2
IC +TLR/IL-1R
gl il g
? i Y T ’//i"- i ey
7 bt N\ 7 = :
;‘ N ( \‘ [ w TSLAM
{ { {
A\ rcose EMHC I : { { ‘
\ v ) \ ) \ ) \ \
\NOS ¢ AT 7 . g
S SuHc - Lo ‘;/MR e o MHGd S MR
RN Polyamine SRs j CD86 IL-16 T
ROl IL-10 high TGF-p
4 IL-12 low
IL-12 high IL-1 IL-10
L2 TNF Decoy IL-1il ;D‘f Matrix (versican,
IL-10 low IL-6 IL-1ra L6 PTX3, a antitrypsin)
Classical Alternative Type Il Deactivated
Thi RESPONSES; ’ :
TYPE | INFLAMMATION; DTH; Th2 RESPONSES; TYPE Il INFLAMMATION, The AGTIVATION; IMMUNOREGULATION;
KILLING OF INTRACELLULAR PATHOGENS ALLEHCH KIKLRIG ANE) IMMUNOREGULATION MATRIX DEPOSITION
ENCAPSULATION OF PARASITES AND TISSUE REMODELING

TUMOR RESISTANCE
L

Th2 RESPONSES; ALLERGY; IMMUNOREGULATION; KILLING AND ENCAPSULATION OF PARASITES;
MATRIX DEPOSITION AND REMODELING; TUMOR PROMOTION &

Figure 2: The M1 and M2 macrophages polarizatioras proposed byMantovani et al. 2004
The actim of TNFand interferoro () oNLEPS induce developmentdfassi cal | y(MAct i vat ec
Regardingthelat er nat i v el, theseare further dividel ohto thtée typesM2a, originated

in response to 4 and 1-:13, M2h induced by combine exposure to inmacomplexes (IC) and TLR or

IL-1 receptor agonistand M2c,stimulatedby glucocorticoids andL-10 (Mantovani et al. 2004)

The M1 population is characterised by high capacity to present antigesat
production of nitric oxide and RQ%$elease ofpro-inflammatory cytokinedL-12 and
IL-23 andthereforeenhanced microbicidal and tumoricidadtivity and triggers type |
immune responsdassociated with Thl cells)M1 macrophages express opsoni
receptors and their arginine metabolism shows high level of inducible nitric oxide
synthaseiNOS) (Mosser and Edwards 2008)
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By contrast, the M2 macrophagggomote arginase pavay, resulting in creation
of ornithine and polyamines and express rather-omsonic receptors (e.g. mannose
receptors)The M2 phenotype is characterised bigh production ofintrinflammatory
IL-10 andlow production of prenflammatory IL-12, IL-1, TNF and I-6 cytokines
however M2b is exception and retains high bothl@Land I-:12. M2b carries out
immunoregulation as well as M2cwhose other functionra matrix depsition and
tissue remodelation. M2a are responsible for type Il immune responsé&ilamgl

parasitegMantovani et al. 2004; Martinez and Gordon 2014)

2.1.3 Immune regulation in sepsis

In the state of sepsismicrobial infection or neatic tissue provoke an excessive
reaction of the immune system, resulting in massive activation of immune cells and
cytokine releaseThe pathogenesis of sepsis is not clear and the immune response may
vary from patient to patientThe pathogerriggers aninflammatory response, during
which Tlymphocytes (especially Thl and Th2 cells) play a crucial imrragelatory

role. The typical occurrence iFhl cellmediated ifmune response, characterised

by high levels of F N @and IL-12 (pro-inflammatory action). The responsan be,
however later convertedto Th2 cellmediated immune response and induce production
of IL-4, IL-5, IL-10 and 1l-:13, leading by contrast,to immune suppressiofChen

2011) The release of cytokines influersdbe autonomic nervous systeoontrols heart

rate, breathing, gastrointestinal peristalsis, sweating, body temperature and other
physiological indiators to maintain a stable internal environm&yimptoms of sepsis

can result ifultiple organ failure and deatlhhus he immune regulatiors necessary
andhasto be complex andspecifically oriented to patiefChen 2011; Angus and van

der Poll 2013) Therefore, pplication of cobalt could be regarded as one potential

strategy among others.
2.2 Cobalt in human body

Cobalt is & essential trace element, whidontributes to physiological function
of thehuman bodylts organic form is crucial in metabolisofi amino acids, fatty acids,

haemoglobin, neurotransmitters and in reparation of myelin, which suscamii
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proteck nerve cells.However, free ionized cobalt in large doses is acutely toxic an

induces inflammatory responf@zarnek et al. 2015)

2.2.1 Enzyme functions

Cobalt is involved in several enzwgtic processes where it serves whether
asaconstituenbf an included molecule or it acts itself as a cofactor. Regarding the first
point, cobalt is a key component of cobalamin. This molecule, also known as vitamin
Bi,, is a complex organometallic cotac and four derivatives are observed:
cyanocobalamin, hydroxocobalamin, methylcobalamin and adenosylcobalaagh.
form comprise corrirn(tetrapyrrolic)ring with complexedcobalt and the €o bound
participates in the reactionsThese corrinoids are assaiated with three
subfamiliesof enzymes: isomerases, methyltransferases and dehalogéBasesjee

and Ragsdale 2003)

Apart from vitamin B, cobalt can be found also inoncorrin binding form
asapartof enzyme called methionyl aminopeptidagéhis enzyme enables release
of N-terminal methionine from newly translated peptidds is therefore important

for intracellular targeting and protein turnovéBazan et al. 1994; Kobayashi and
Shimizu 1999)

2.2.2 Inorganic forms

Cobalt occurs in various inorganic compoundsy. oxides, sulfides or halides, where
common oxidation states are +2 and +3. In this stweyfocused oi€o’* ions (CoCh).

For a long time, the salts of cobalt have been in gerspplied to treat anaemia or

to enhanceerythropoietin productior{on the grounds ofissue hypoxia).However,
asmentioned before, cobalt ions and cobalt metal are cytotoxic and genotoxic, evoking
apqtosis and oxidative DNA damage, caused by ROS. Cobalt accumulates in liver,
kidney, pancreas and heand later may causeardiomyopathy, deafness or thyroid
problems. Hgher concentratia also lead to necrosisand inflammatory response
(Simonsen et al. 2012)
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2.2.3 Immunological reactions

Exposition to cobaltonsresuls in immune system respons&obalt gets into the body

in a different ways with food, by respiratory systemylthe skin or as a component

of biomaterials. If these ions cannot beremoved b y phagocytes, M O
thepro-inflammatory response and releaseinflammatory mediators IL-1, IL-6 and

TNF (Czarnek et al. 2015)Neverthelesshe immune reactions are complex and there

i's a possi bi ltivateg alsb ioto M2\$tate, twioen fagicularcircumstances
occur, e.g. cestimulation by LPSLim et al. 2012)

Cobalt thertore displays diversity in immune reactions and could serve

asan immunoregulator.These properties could besedin sepsis treatment, where

theshift of the immune response is required.

2.3 Polymeric micelles asdrug delivery system

Sincefree cobaltions ae toxic andhighly bound to plasma proteirfSimonsen et al.

2012) their delivery into Mi and their C wauld ée uneentdin. act i ¢
In orderto ensurea suitabke way of cobalt administrationtoMa, t he bl ock <c oy
micelles were designed’he cobalt inside micelles should not affect or damage other

cells and tissueand should the&fore decrease the toxicit§ince the Ni themselves

were the target, thability of micelles to evade cells of the immune system was not
demandedThe polymeric micelles possess general advantages such -dexiuaty,

higher stability, tailorability, grater cargo capacity or controlled drug relegslemad

et al. 2014) Various ranoparticleshave been previously proven ragdelivery
propertiesand havebeen useds carriersn many studies, e.g. imnti-tumor therapy,

gene therapyAIDS therapy, radiotherapy, in the delivery pfoteins, antibiotics,
virostatics, and vaccingSiwari et al. 2012)More specifically, nanoparticles have been

usedfor encapsulation of doxorubicin in hydrogel nanoparti¢gra et al. 2001)

curcumin in cationic micellegfLeung et al. 2008)or paclitaxel in poly(n-butyl
cyanoacrylate)nanoparticles(Huang et al. 2007) The nanoparticlesare applied

in orderto e.g.reducetoxicity of the drug, to ensure its longer circulation in the body,

or to secure specific drug targeting and therefore eliminate the side effects of the drug.
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The nanoparticlegargeting depends on many factors, includilganoparti cl eds
shape, or surfacpropertiedSingh and Lillard, JR 2009)

The polymeic selfassemblednicellesare usually prepared using amphiphilic diblock
(hydrophilic 7 hydrophobic) or triblock (hydrophiliG hydrophobici hydrophilic)
copolymergBatrakova et al. 2006)n this case, &riblock terpolymePEOC-b-PAGE-b-

PtBGE wassynthesisedFig. 3).

Figure 3: Schematic representationof a cord shellcorona micelle taken from (Barthel et al. 2014)
Micelle formed by PE-b-PAGEs-b-PtBGE;, in aqueous media with a PtBGE core

(gray), a PAGE shell (purple), and a PEO corona (brdwn
The subsequent functionalization of PAGE block with carboxylic group enables cobalt
loading and improvegellular uptake This polymeris usedto prepare coré shell i
corona micellesvith a RBGE core, a PAGE shell, and a PEO corand sizs bellow

30 nm The micelle uptake into cells was also successfully demons{iBaethel et al.
2014)
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3 Aim of the thesis

The initial impulse to conduct this research was an effort to raise an iramuno
modulation during sepsi§he aim of this study is to prepare cobalt loaded micelles and
determinetheir propertiesi size, structure hydrodynamic radiuszeta potentialand

amount of cobalt inside

It is intended to examine, whether the micelles are taken up by Mand whi ch
mechanism potentially contributes to this proce§hie research is further
directedto identify micellesinfluence onMa vitality and cytokine release, regarding

also their activation state.

The main point is to find out, whether the cobaltdie@ micelles are able to provoke

either preinflammatory or antinflammatory immune response, and therefore could be

applied in further research of sepsis treatment.
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4 Material sand methods

4.1 Devices

The table below (Table)2ncludesall devices ued duringthe study.

Table 2: List of devices used in this study

Device

-20 AC freezer

-80 AC freezer

+ 4 AC refrigerator
Cell counteiICASY

Cell incubatorAPT.line C 150
CentrifugeHeraais Multifuge X3R

DLS deviceALV CGS-3

Flow cytometelFACS Canto |l

Fluorescence spectrophotomefgrectraMax M2
Glove box

'"H-NMR spectroscopy Fourier 300
ICP-OES725ES

Immunofluorescence microscopeioObserver.Z1

camera AxioCamMRm

Laminar flow hoodHerasafeTM KS Class Il

Size exclusion HPLC chromatography
(dimethylacetamide, chloroform)

Size exlusion HPLC chromatography (cnbform)
TEM G* 20

UVACUBE 100 W

Water bath Type 1007

Zeta potential device

Manufacturer
Liebherr

Liebherr

Liebherr

Sct rfe Syste
Binder

Thermo Scientific
ALV

BD Biosciences
Molecular Devices
mBraun

Bruker

Varian

Carl Zeiss

Thermo Scientific
Agilent system

Shimadzu system
FEI Tecnai
Hoehnle

GFL

mBraun
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4.2 Materials

In thefollowing table (Table B alist of all materials and reagentised in this study is

provided.

Table 3 List of materials used in this study

Product
3MPA(3mer captopropionic

AGE (all yl glycidyl et her

dried over CaH2 overight and distilled under Ar
Biotech Cellulose Ester Membrane 1800 g/mol
BSA
CaH, 95%
CalceirAM
CoChk hexahydrate, BioReagent
DAPI

DMPA (2,2dimethoxy2-p heny | acet opher

DMSO
Donkey serum
Donkeyantigoat AF488
EDTA
EtOH
FCS
GM-CSF
Hoechst33342
CBA Humanenhanced sensitivityaster buffer kit
CBA Humansolubleprotein master buffekit
Isolation buffer
BSA 0.1%
EDTA 2mM
PBS
LAMP-1
Lidocain
M-CSF

Manufacturer

I SigmaAldrich

SigmaAldrich

Spectrum Laboratories
SigmaAldrich
Sigme-Aldrich

Thermo Fischer Scientific
SigmaAldrich

Thermo Fischer Scientific
SigmaAldrich
SigmaAldrich

Dianova

Thermo Fischer Scientific
SigmaAldrich

Nordbrand Nordhausen
Thermo Fischer Scientific
PeproTech

SigmaAldrich

BD Biosciences

BD Biosciences
SigmaAldrich, Lonza

Santa Cruz
SigmaAldrich
PeproTech
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Nile red, extra pure

PBS

Pencilin/Stregomycin

PEO (2 kDa, mono mieyl ether)
dissolved in THF and precipitated in col
diethylether7 8 AC), dr i e
distillation with dry toluene (HPLE
Grade from VWR, dried via Solvent
Purification System PureSciVM) and
dried at 100 AC wun

PFA

Propidium lodide Pl)

Regenerated cellulose membra®®0 gmol

Saponin

tBGE(tertbut yl gl yci dyl

Carl Roth

Lonza

Thermo Fischer Scientific
Fluka

SigmaAldrich
SigmaAldrich
Spectrum Laboratories
Fluka

et her ;| SigmaAldrich

J

dried over CaH2 wemight and distilled under Ar

THF (tetrahydrofuran)

dried over Na and distilled under Ar

VWR

4.3 Software

The software used in this study is mentionethiefollowing table Table4).

Table 4: List of software used in this study

Software

BD FACSDivd" Software 6.1.3
FCAP Array 2.0

Graph Pad Prism 5.0
ChemBioDraw Ultra 14.0

Image J

Microsoft Office
Origin Pro 9.0

Manufacturer

BD Biosciences

Soft Flow Inc.

Grappa Software

PerkinElmer

public domain / National Institute of
Health (USA)

Microsoft Corporation

OriginLab

24



Softmax Pro 5 molecular devices

Zen 2 pro Carl Zeiss

4.4 Statistical analysis

Data of three independent experiments for all assessments were analysed. All results
were analysedni GraphPad and tested by tmoay ANOVA including
multiple comparison podest.Dataargp r esent ed .as mean N SD

4.5 Methods

4.5.1 Synthesis of PEQ,-b-PAGE,,-b-PtBGEs

/i\ 110 °C, 48h
3

Equation 1: Synthesis of PEQ,-b-PAGE,,-b-PtBGEs

o] o \J)/
J

The triblock terpolymer was prepared by anionpolymerization in anargon
atmosphere i glove box starting with melting of polyethylene oxide monomethylether
(PEQ M, = 2000 g/mol) at 110A CSimultaneously 4.6 mg ofodium hydride was
added. After two hang, allyl glycidyl ether(AGE) was added and the substances were
left stirring overnight.Subsequentlytert-butyl glycidyl ether(tBGE) was added and
themixture was stirred for another 24 The reaction was terminated by adding @I3

of methanol. The @ymer was cooled to room temperataféerwards andhen dried
under vacuum at 108 C(Barthel et al. 2013)The composition was calculated

from *H-NMR spectrum values.
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Table 5. Synthesis of PEQ,-b-PAGE,,-b-PtBGE 45

PEO AGE tBGE Yield
316mg 0.42ml 1.24ml 1.601g (94%)

'H-NMR (250 MHz, CDCl3, 25A C) :
a [ pp m]-1.15 (s,0BBGEEY 3.153.65 (m, polymer backbone); 3:395 (d,
PAGE): 4.905.25 (dd, PAGE); 5.66.90 (m, PAGE)

Table 6. Molar mass (M,) and index of polydispersity(PDI) of the polymers

Polymer Mp PDI

PEQ 1,900 1.04
PEQ-b-PAGE:; 3,100 1.16
PEQ-b-PAGE,-b-PtBGEss 4,300 1.34

4.5.2 Modification of PEO42‘b'PAGE22‘b-PtBGE48

Equation 2: Modification of PEO 4,-b-PAGE,-b-PtBGE 4

After the triblock terpolymer synthesfsinctionalization of its PAGE groupas carried

out Into the flask with the polymer-@iercaptopropionic aciq3-MPA) and 2,2-
dimethoxy2-phenylacetophenon®MPA) were addedThe flask was then evaated,
filled with argon and.0 ml of the solvent THF were addeThis mixture was irradiated
with UV light in the UV cube for 2 hourdo activate DMPA as an initiator

of thereaction. Meanwtile the dialysis (regenerated cellulose membrane, molecular
weight cutoff 1000Da) was prepared and subsequently the crudeugtaslas purified

- at first against water, then againstt@raand THF 1:1 and ithe end against THF.
After dialysis, thepolymer was dried under vacuuarthel et al. 2014)
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Table 7: Modification of PEO,,-b-PAGE,-b-PtBGE g

Polymer 3-MPA DMPA Solvent f (%) Method
302.7mg 0.149ml 31.9 mg THF > 99% UV cube (100W)

'H-NMR (250 MHz, CDCl3, 25A C)
G0 [ pp m}l.40: 1.652.15; @.563.00; 3.254.00; 6.267.20

4.5.3 Micelle formation and their loading with cobalt

Both unfunctionalized and functionalized polymers were used to prepare various
micelle solutions. For preparationf EAT, the PEQ-b-PAGE»-b-PtBGEss was
dissolved in THF and subsequently water was added dropwise. After complete

evaporation offHF, the water was addedadinal concentration 0.96/I.

Table 8 Composition of EAT solution

Solution Polymer THF Water Final conc.
EAT 5.3mg 1.0ml 2.0ml 0.964/

Thefollowing solutions were madey using the functionalized polymeht first PEOQ
b-PAGE:0orb-PIBGE was dissolved in THF, then alternatively nile red and/or £0oCl
were added and afterwards the water was added dropwise. After complete evaporation
oftheT HF , the solutions with ninylefillereaodgetwe r e
rid of the excess nile red outside the micelles. Theutieols were further
purified by dialysis floatA-Lyzer G2, MWCO 106600 Da). Afterwards, water
wasadded o form final concentrations of the solutio(®arthel et al. 2014; Platonova

et al. 1997)

Table 9 Composition of prepared micelle solutions

Sample  Polymer THF Nile red CoCl, Water Final conc.
A 19.5mg 1.5ml 5.3 mg - 3.0ml 19/l

B (ECT) 4.7 mg 1.0ml - - 2.0ml 19/l
C 3.3 mg 1.0ml 2.0 mg 2.1 mg 2.0ml 0.5g/l
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D 5.1 mg 1.0ml - 1.1 mg 2.0ml 0.59/
E - (2.0ml of filtered sol.A) - 1.9mg - 0.35¢g/
F 50.2 mg 2.5ml 12.4 mg - 5.0ml 59/l
G 49.7 mg 2.5ml 7.1 mg - 5.0ml 59/l

The solutions F ahG with concentrationof5 g/l andencapsulatedile redinsidewere
further used to achieve desired final concentrations and to load possibly higher amount
of cobalt into the micelles. To load the micelles with*Cahe CoClL, was added
to thesolutionF or G and it was left stimg overnight. Then each dfesolutions was
purified by dialysis (FloaA-Lyzer G2, MWCO 10600 Da) and filled up with water

to the final concentratian

Table 10 Composition of cobalt loaded micelles solutions

Sample Solution F Solution G CoCl, Final conc.
1 1.0ml - 57.6 mg 14g/
2 2.0ml - 111.4 mg 0.97g/l
3 2.0ml - 82.1 mg -
4 2.0ml + 1.0ml pH 10 buffer - 149.7 mg 0.9¢g/I
5 - 9.8ml 570.9 mg 5.07g/l

Solution 3 was made to continuously measure thewnt of C* inside before every
change of water. The sample 4 was alkalized with pH 10 buffer to see, how it influences
the loading of cobalt. Red highhted samples were later usedthebiochemical

experiments.

4.5.4 PBMC isolation, macrophage enrichmentand differentiation

Peripheral Blood Mononuclear Cells (PBMCs) were isolated by Biocoll density
gradient centrifugationThe desired amount of whole blood was drawn from healthy

donors. Volunteers were informed about the dgtuand gave their consent.

17 ml of blood samples were mixed and diluted with an equal amount of isolation buffer
(PBS w Ca/Mg, 0.1%bovine serum albumin BSA and 2mM EDTA),subsequently

laid on top of 15ml Biocoll separating solution and ceffiiged for 20 min at 800 g
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atroom tempeature andwithoutbreaks. A lymphocyte layawhich formed between
theplasma and the iBcoll fraction was then transferred to a ne@ml tube, washed

with 45 ml ice cold isolation buffer and centrifuged agai300 g, 10 min, A C)
without brakes. The resting cell pellet was transferred to anl tube and washed and
centrifuged (200 g, 10 min, Us wéreCseededi t h Db
atadensity of1.0x10°c e | | s / ¥/IWQ 15imadiursupplemented with 10% (v/v)
autologous human serum, 18/ml human granulocyte macrophage colatynulating

factor (GMCSF) and 10 ngil macrophage colongtimulating factor (MCSF) and
PenStrep and incubated for 1 h fadhesiordegendent monocyte enrichment
inahumi di fied cel |l i nc wbA#ter bh of iacubat®rvthekdlls a n d
were washed twice with plain -XIVO 15 medium. Adherent monocytes were
cultivated for 45 days further in suppimented XVIVO 15 for M U differentiation until

seeding for micelle experimentss performed.

4.5.5 Macrophages seeding

For all following experiments, humav 0 derived from monocytes in MO state were

used. At first thevl 0 medium was prepared:

X-VIVO serum free hematopoietic cell aiam

10% autologous serum from donor

10 ngml granulocytemacrophage colongtimulating factor GM-CSF)
10 ngml macrophage colongtimulating factor M-CSF)

Pen/Strep

After that,M O were washed with plain X1VO 2 ml/well, then 1ml/well of lidocaine
solution (4 mgml lidocaine, 5 mM EDTA) was added érihe cells were incubated

in ahumidified cell incubator at 3 C a n d , 6l they d€aBhed fronthe surface

(3-5 min). Subsequently they were washed with anothal/\dell of lidocaine solution

and tle cell suspension was centrifuged 300g for 5 min at room temperature.
Afterwards the cells were counted by CASY celbunter, the desired amount was
diluted into medium and cells were seeded at a density of 5/gnf0n 0.5 ml /well

in a 48 well plate dér uptake studies, vitality investigaticand cytokine secretion and
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in 1 ml into a 24 well plate equipped with plastic cover slips for immunofluorescence
analysis. The next dai G were ready for further experiments.
All measurements were repeated 3 timessngM u from 3 different donors.

4.5.6 Amount of nile red in used solutions

Due to micelle preparation protocols, the amount odfe nmred encapsulated
within themicelles was not precisely controllable. Hence, fluorescence intensities
obtained by MO imaging after the uptake experimentwere not comparable
amongthedifferent micelle solutions which were used coefficient for each

of thestock solutions had to be determined for proper comparison of the results.
Therefore, t hree ti meeach 4pleed stogk saution merec e | | e
dissolved in 1ml THF to get three solutions foeach condition and measured

by fluorescence spectrometry with excitation wavelength 530 nm and emission
wavelength 635 nm. As a background, plain THF was measured. Theedssesan
value of THF was subtracted from all other valleesd a mean of three values
permicelle stock solution was calculated. The final value in relative fluorescence units
(RFI) of the 1g/l micelle solution with cobalt was divided (and therefset ad) byall

three other conditions to get the coefficients for final result comparisons.

4.5.7 Micelle uptake into macrophages

For micelle uptake studies, 2B 0/well were seeded in a 48 well plate (Fi). Three
wells of MO per each condition (micelle concentration) and for further vitality
assessment also positive (no treatment) and negative (5% EtOH in medium) control

were needed.
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50¢ gnl 100 150 200 300 500 1000 cntrl

w/o C&#*

neg. cntrl

with Co?*

Figure 4: Seeding scheme for micelle uptake assessment

The 1 g/l micelle solutions (with nile red and cobaitside and with nile red only

to compare)were diluted in 0.5ml/well of medium to get micelle concentrations 50,
100, 150, 2il.Orheasame w&s dahe vathgd micelle solutions to obtain
concentrat i on snl Subsequenthivtl mediuth vas chariged to 0.88
micelle containing medium per well artite M0 were incubated for 1h in 3X C.
Meanwhil e the solution with Homldbeshst 3334
nPBS) , to make the cel | ®ffuorescence migroscape.s i bl €
After incubation, theVl 0 were washed two times OrBl/well with PBS with C4&" and

Mg** and then 0.5nl/well of Hoechst solution was addechél cells were kept 5 min

in thedark and therwerewashed with PBS with 5% FCS (fetal calf serum) for some
nutrient supply while live cell imaging was performed.

The uptake othe micelles intdvl 0 was measured by immunofluorescence microscope
using blue channel (excitation wavelength 3®3nm, emission w. 42070 nm;
exposure time 300 ms) to see cells nucksd, channel (53862, 576640 nm; 750 ms)

to see nile red (micelles) anddhtfield (30 ms). Five pictures /well were taken.

The evaluation of the data was done by ImageJ program. In the imagdd,athe
with fluorescent micelles inside were marked with a circle with defined area. Inside this
circle, the mean fluoresceaintensity (MFI) of nle red was measured by the program.
Further, the mean of 50 values for each condition was calculated.

After imaging, the cells were washed with PBS and kept in @2bell fresh medium

in the incubator for additional 24 h for cytokine secretion and ¢ohesv the uptaken

micelles alter vitality state d¥l 0.
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4.5.8 Vitality assessment with CalceirAM

For this experiment, thé1l from micelle uptake measurement were further used.
Furthermore, otheM 0 were seeded the day before to be treated with £sdition

instead of micelle solution to investigate if themaistration form of cobalt has
significant differences on cellular outcome. The seeding scheme was theisame
10c el | s/ c mi/welli im 48 Onell5plate. The Coglsolutions had the same
concentration of cobalt per litre as the micelle solutions (2@8) nso the same amount

of the solutions was add&d5 O , 300 amldThelM@ Gvére theg incubated

for 1h, washed, stained with Hoechst aept in the fresh medium theincubator
overnight (the same procedure as with the micelle solution).

The 2 .cdceirrAM solution was prepared by diluting 5mM DMSO calcéil
stock solution in PBS winldfprépdiinModidea(RId addi
was added.

24h after uptake measurement, the supernatants wellected to be later
usedfor cytokine measrement and the cells were washed with Or2Bwell PBS

with Ca/Mg. After that, 0.2%nl/well staining solution was added to all conditions (50,
100, 150, 200, mBfoddr, mi0De | |1e0 0o leug/i mln , 50,
for CoCkL solution, positive amh negative control) andhe cells were incubated

for 15min in the incubator. In each condition there was one well left untreated to be
later used as a background control. Subsequently, they were washed again with PBS
Ca/Mg and imaged under an IF microseagsing all 5 channels, blieHoechst (300

ms), greeni Calcein (25 ms), red nile red (750 ms), far red Pl (750 ms) and
brightfield (40 ms).

The evaluation of the data was made by Imag@yram, using the same method
aswith the uptake measurementthn this case to measure the Calcein fluorescence.
All measurements had to be normalized by adjusting the values to their own positive
control (untreatedV ), because the physiology of thd 0 may vary from donor

to donor.
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4.5.9 Blocking of receptor mediatedendocytosis in macrophages

To inhibit clathrinrmediated endocytosis the Pitstdp molecule was use
Theassessment was done in duplicateml with
for both conditiong with and without cobalt inside. THd 0 were seeded at a density

of 10° cells/well. The nexday, the Pitstof2 (30mMin DMSO) was diluted in plain

X-VI VvVO to final C 0 nc e MO weard greincubatd far5l0 miM and
with 0.25ml/well of this solutionin3A C pri or to micelle uptake
the solution was changed tceth me di um wi t h mi)iAcveldmie ef9.25 300 ¢
ml/well was applied and the cells were incubated for 1h iA &7. The foll owin
were identicalto micelle uptake measurement{including Hoechst staining and

imaging ( Pitstop2 Abcam Instruction Manual).

4.5.10Immunofluorescenceanalysis of micelle fate

within macrophages

Additionally to the investigation whether micelles are taken up by recemdrated
endocytosis, micelle fate within MU was assessed by investigation of cellular

lysosames.

Used antibody:
LAMP-1 = lysosomeassociated membrane glycoprotegoatant-human (SantaCruz
sc8098)

As a first step, sterile plastic cover slips were placed in the wells df\vaefl plate.

After that, theM & were seeded 2@ells in 2ml M & medium. Two wells per condition

( 3 0 Oml @f gnicelles with or without cobalt; untreated cells for a control) and one
well for staining control per donor were needed. The next day, micptekes was
performed as stated out above. After that, the cells were washed three times with PBS
with Ca/Mg 1ml/well. Subsequently, the cells were fixed with 2% paraformaldehyde
(PFA) 1 ml/well for 5 min. The fixedM G were then wvashed three times with PBS

with Ca/Mg 1ml/well and additionally, PBS with Ca/Mg Orbl/well was added, the lid

was put on, then the well plate was sealed with parafilm and kept in refrigerator for 72h.
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After that time, the blocking and permeabilisation solution was prepared:

3% nomal donkey serum
0.1% saponin
in PBS

And also solution with primary antibodies was prepared:

1  @®PLAMP-1 (goatanti-human)
in 0.1% Saponin0.1% BSAand PBS with Ca/Mg

Subsequently, the blocking and permeabilisation solutiom®\well was added and

the cells were incubated for 30 min. Then all the cover slips from the wells were
placed on glass slides in a humidified chamber angl B9 primary antibody solution

per cover slip was applied. As a staining contretv@d 0.1% Saponin, 0.1% BSA

in PBS wih Ca/Mg. The samples were refrigerated overnight.
The next day, the solution with secondary antibody was prepared:

1 0 nddonkeyantigoatAF488
167 /PDAPI (4',6-diamidin-2-fenylindole)
in 0.1% Saponin, 0.1% BSA and PBS with Ca/Mg

The cover slips we returned into a 24 well plate and washthree times

with 0.5ml/well 0.1% Saponin, 0.1% BSA in PBS with Ca/Mg. After that, the cover
slips were placed back on glass slides in the humidifigda mber and 50 OI /
of the secondary antibody solutiovas applied. The samples were incubdtedlh

inthe dark at room temperature. After incubation, the c®hps were transferred

to the 24 well plate and washed two times with 0b0.1% Saponin, 0.1% BSA in PBS

with Ca/Mg per well. Subsequently, thever slips with cells were washed with @b

PBS with Ca/Mg per well and then with OrBl distilled water per well. Finally,
thecover slips were mounted on glass slides with mounting medium, the glass slides
were placed in a folder and kept in the mgrator until imaging. The samples were
imaged under mimmunofluorescence microscope usifogir channels, blué DAPI
(50ms), green LAMP-1 (1 s), red micelles (250 ms) and brightfield (5 ms).
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4.5.11Cytokine release

The presence of cytokines was examimegupernatantsM 0 medium) collected 24h

after incubation with micelles or Cog{3olution. The collected medium from each well

was additionally centrifuged 300g for 5 minutes to exclude cellular debris andl 0.2

of the supernatant per each condition was kept fra#ter8BOAC t i | | measur
Thesupernatants from each micelle concentration (50, 100, 150, 200, 300, 500 and
1000mhe@pChs ol ut i on ( 5mM@I) and3pbsitive cahttolOw@re mepgured.

The assessment was done using cytometriad beaay (CBA) and twogroups

of cytokines were investigated. For the first grauji.-6, IL-8 and IL-10 - the Human
soluble protein master buffer kit was used, the second group of cytakihE§ and

IL-1 B was assessed by Human enhamensitivity master buffer kiBD Biosciences)

At first, caption and detection solutions wegmepared. Both solutions contained 6.5
capture or detection beads for each cytokine per tube; the rest was either capture bead
diluent or detection (enhanced = part A) bead diluent. For the enhanced sensitivity Kit,
asecond detection solution was neddpart B). This solution was prepared by adding
550 ¢ | of detection enhanced bead diluent to lyophilized reagent. After its
reconstitution, 50@ lof this solution was diluted in 4151 of detection enhanced bead
diluent. This amount was sufficient foO Samples All solutions had to be vortexed
before use to distribute the beads evenly.

For the first group of cytokines (18, 8, 10)the following procedure wagperformed.

The assessment was done using cytometric d bearray (CBA) and

two groupsof cytokines were investigated. For the first grdufL-6, IL-8 and IL-101
theHuman soluble protein master buffer kit was used, the second group of cytokines
TNF and IL-1 b was assessed by Human enhansensitivity master buffer kitBD
Biosciences)

At first, caption and detectiobeadsolutions were prepared. Both solutions contained
0.5¢ Icapture or detection beads for each cytokine per tube; the rest was either capture
bead diluent or detection (enhanced = part A) bead diluent. For the enhanced sensitivity
kit, a second detection solution was needed (part B)is solution was prepared

by adding 550¢ lof detection enhanced bead diluent to lyophilized reagent. After its
reconstitution, 50@ lof this solution was diluted in 4151 of detection enhanced bead
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diluent. This amount was sufficient for S&amples All solutions had to be vorted
before use to distribute the beads evenly.

For the first group of cytokines (16, 8, 10)the following procedure wagerformed.
To50¢ lof cell culturesupernatant, 56 lof capturebeadsolution was added and then
incubated for 1h. After that, 56 lof detectionbeadsolution was added and the tubes
were incubated for 2h. Subsequently, 80@f wash buffer was added, the tubes were
centrifuged 200g for 5 min, then 5@0lof wash bufferwas taken away and another
300¢ bf fresh wash buffer was added

With the enhanced sensitivity kiTIF, IL-1 b ) t hdare was slighdy different.
To 50 ¢ lof supernatant, 26 lof capturebeadsolution was added and then incubated
for 2h. Afterwards, 2@ lof detectionbeadenhanced solution (part A) was added an
the incubation for another 2h took place. After that, 806f wash buffer was added
and the tubes were centrifuged 200g for 5 min. Then &06f wash buffer was
removed and 10C |of detection bead enhanced sation (part B) was added.
1hof incubatio followed. Subsequently, the washing step with centrifuge was repeated
and in the end, 309 bf wash buffer was added.

After vortexing, the samples were ready foe timeasurement by flow cytometfigD

Biosciences)
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5 Results and discussion

51 SyntheS|SOf PEO42-b-PAG E22‘b- PtBGE,s

The triblock terpolymer was prepared under argon atmospherglova box byring
opening anionic polymerization. At firscommercially availablepolyethylene oxide
monomethylethe(PEO) with molar mass of 2000 g/malas melted at 11&A C and
deprotonated with sodium hydrid@fter formation of alkoxide, allyl glycidylether
(AGE) and subsequently the next dayt-butyl glycidyl ether (BGE) were added.
After each step, a SEC sample was taken to evaluate the profjtkegpolymerization

(Fig.5). The reaction was terminated by adding methanol and analys&d-N{§R
(Fig. 8).

—PEO,,
—— PEO,,"b-PAGE,,
—— PEO,,-b-PAGE,,,-b-PtBGE,,,

— T T T T
T T T T T 1

5 6 7 8 9 10 11
elution volume [mL]

Figure 5: SEC elution diagram in chloroform of polymerization

All three parts of polymerization were run propeahyd thetriblock terpolymerPEQ,-
b-PAGE,-b-PtBGE,s was obtained. It waspproachedto the micelle formabn

in water. The selfassemblymicelles were created when theamphiphilic triblock
terpolymer spontaneously formed nanosized aggregates. The individual polymer chains
were dissolved in THF above threshold concentration the critical micelle
concentratia, and therdialyzed against wateThe hydrophilic blocks form the corona,

whereas the core of the micelles comprises hydrophobic block.
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The micelleswere all nearly spherical arttieir size wasneasured by DLFig. 6).
Thehydrodynamicradiusof the paticlesincluding the coronavasfrom 14 to20 nm
(peak value 21.54 nm).

1
1 10 100

<Rh>n, app

Figure 6: Dynamic light scattering measurement
Number weighted CONTIN plof EAT in water (g/l, 9 0MG) 25

There were also takenicrographsof the mcelles in the solution b€ryo-TEM (Fig. 7)
to meaure the size of the particles. In each of five photographs, 20 micelles were

analysed (also regarding all the following samples).

Figure 7: Cryo-TEM photographsof EAT in water (1 g/l)

Thar diameter was from 27 to 38n. This dameter involves corona and therefore it is

approximately double the size of the hydrodynamic radius measured by DLS.
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5.2 Modification of PEO 4,o-b-PAGE,>-b-PtBGE 5

Because it was intended to load the micelles with cobalt and further examine their
behaviour inM t, the modification of PAGE gt was necessary. It was done by thiol

ere click reaction with 3mercaptopropionic aciq3-MPA), using 2,2-dimethoxy-2-
phenylacetophenon®MPA) as a photo initiator. The mixture of the polymeViRA

and DMPA was in argonn@ironment dissolved in THF and irradiategdUV light (100

W) in the UV cubédor two hours.More than 99% of double bonds were functionalized
and the result was observed{NMR (Fig. 8) and SEQFig. 9).
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Figure 8: 'H-NMR spectrum of the modified polymer PEO-b-PAGEoon-b-PtBGE
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Figure 9: SEC in DMACc of the modified terpolymer PEO-b-PAGEcoon-b-PtBGE
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The micelle solution of modified polymer was prepared and the partidee analysed
by DLS (Fig. 10). The formed micelles were slidirtlarger compared to EAT,
with radius range from 15 to 30n (peak value 59.06 nm).

T ™
20 40 60 80 100
<R >

h™ n, app

Figure 10: Dynamic light scattering measurement
Number weighted CONTIN plots of ECT in wateg{ll. 9 0AAG) 25

The micelles were obserd also undeCryo-TEM (Fig. 11).

Figure 11 Cryo-TEM pictures of ECT in water (1g/l)
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