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OZET

YEN B R YONTEMLE TUMOR HUCRELER N TANIYAB LEN
LEVAN ESASLI NANO-KUREC KLER N HAZIRLANMASI

Kanser hicreleri ve yakn cevresi, normal hicreler k yasland nda, enerji
metabolizmalar n yeniden duzenlemek, glonak, ve ekillerini de i tirerek hucreler
aras adezyon Ozelliklerini artt rmak iciekerden sdanan enerjiye daha fazla ihtiyac
duyarlar. Levan, polifruktan yap s sayesinde ndrhigrelere nazaran kanser hicreleri
taraf ndan daha fazla tercih edilen bir enerji kayrolabilecei di Gndlmuttr. Bu
sebepten dolay , negeatif ylzey yikune sahip véitpkgel ta yan capraz bd solid
lipit nanopartikiller (PXSLNPs), yeni bir sentezasgjisi ile kor olarak haz rlanm
olup, bu nanopartikiller pozitif yikli dilk molektler arl kl levan (16.000 g/mol)
ile kaplanm tr. Kor ks m, polimerleebilen, 2-Akrilamido-2-metilpropan (AMPS)
ile fonksiyonland rim Lesitin ve ila¢g tutucu polimer olan vinillenmipoly-e
Caprolacton-dioliin (1250 g/mol) UV polimerizasyainyemi ile Tween 80 emulgatori
kullan larak haz rlanmt r. Fluorescein sodium tuzu, nanopartiktl ve levsaazl kabuk
aras na konularak, hicre kuiltirinde floresan mikaops teknii kullan larak
goruntileme yap Imtr. Nanopartikil ic ksmn boyut daglm ve zepmtansiyel
de eri srasyla, 50-350 nm ve 75mV olarak buluntmu DSC c¢al malar ndan
gozlenen, paklitaksel nanopartikil icinde tamameoré olarak bulunmakta ve ayr ca
yuksek ila¢ tama kapasitesine sahip nanopartikiller icinde (68@inojen bir ekilde
da Imaktad r. Bu sonuclain vitro ila¢c sal m ve antitumor aktivite sonuclar ile aker
de erlendirildi inde, levan kapl ve paclitaxel yukli nanopartikiilh akci er kanseri

icin potansiyel tedavi edici etkiye sahip oldubelirlenmitir.

Eylal, 2014 Esra MUTLU
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ABSTRACT

A NOVEL DESIGN OF LEVAN BASED TUMOUR TARGETING
NANO-SCALE MICELLES

Cancer cells and their microenvironments need muondre sugar-induced energy
compared to normal cells in order to rearrange ggnenetabolism, proliferation and
change their shape to increase their extraceladaesion ability. Due to its polyfructan
structure, levan was assumed to be the more pedfemnergy source by cancer cells
compared with normal cells. Therefore, negativelyface charged and paclitaxel
carrying crosslinked solid-lipid nanoparticles GNPs) were prepared as a core
using a new synthesis strategy and these nandparticere coated with positively
charged low molecular weight levan (16.000 g/molfhe core was prepared from
polymerizable lecithin which was functionalized hi2-Acrylamido-2-methylpropane
(AMPS) and vinylated polg Caprolacton-diol (1250 g/mol) as a polymer drugesy

in the presence of Tween 80 as emulsifier by UWrmerization. Fluorescein sodium
salt was inserted between the nanoparticles arahlbased shell to monitor them in
cell culture media using fluorescence microscopyze Sdistribution of core
nanoparticles and their zeta potential values wm®veen 50-350 nm and -75mV,
respectively. It was observed from DSC studies plaalitaxel was in fully amorphous
phase and homogenously dispersed in the nanogartidlich showed relatively higher
loading capacity (68%). These studies together inithitro drug release and anticancer
activity results indicated that the levan coated paclitaxel loaded nanoparticles have a
potential therapeutic effect for the treatmentusfg cancer.

September, 2014 resMuTLU



CLAIM FOR ORIGINALITY

A NOVEL DESIGN OF LEVAN BASED TUMOUR TARGETING
NANO-SCALE MICELLES

Levan is a fructose homopolysaccharide that hasyroatstanding properties like high
solubility in oil and water, strong adhesivity, gbbiocompatibility and film-forming
ability. Its high cell adhesion property confers promising use in drug delivery
applications. Considering this fact, in this studyw molecular weight levan was
obtained by a new acid hydrolysis method and theategnalized to use as a sensor in
active nano-drug carrier for cancer therapy. Th& new technique for tumor targeting
strategy; such that, linear, unbranched levan yoper was firstly used in the literature
as such a sensor material for tumor cells. In aditpaclitaxel is the semi synthetic,
pseudo-alkaloid which is currently used in treattn@ndifferent cancer types. Due to
poor water solubility it has a tendency of pre@pitg in blood media. Homogeneous
encapsulation of paclitaxel in the nanoparticledl wrovide reductions in the
undesirable effects of paclitaxel. New synthesipragch was used to prepare
polymerizable lecithin aiming to prepare more stabhd ionically crosslinked solid-
lipid nanopatrticles as a paclitaxel carrier. Fasmein sodium salt was used between
(QL) shell and PXSLNPs core to monitor nanoparsicieder fluorescence microscope
through cell culture studies. Consequently, fun@l@zed low molecular weight levan
shell has been used firstly in the literature forgdtargeting strategy and has potential

for the treatment of lung cancer.

September, 2014 Prof. Mehmet S. ERQU Esra MUTLU

Prof. EbTOKSOY ONER



SYMBOLS

g : gram
mg : Miligrams

g : Micro grams
L : liter
mL  : mili liters

L > micro liters
mol  : molar
nM  :nano molar
h - hour

min  : minute

nm  :nanometer

Mw : weight average molecular weight

Mn  : number average molecular weight

Mz  : higher average molecular weights
. zeta potential

rpm :round per minute

J : Joul
H : enthalpy change
W : Whatts

V - Volts
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ABBREVIATIONS

AMPS
L-AMPS
PCL
PCL-MAC
GTMAC
PXSLNPS
Ptx

RL

NRL

QL
QL-PXSLNPS

XSLNPs
OoP

EDGM
DCM
TEA
DMPA
EPR Effect
PLA
PLGA
CMC
PLG
EGF
GAGs

in vitro

in vivo

: 2-Acrylamido-2-methylpropane sulfonic acid

. Lecithin-2-Acrylamido-2-methylpropane-Na+

. Polycaprolactone

: Methacrylated Poly(Caprolacton)

. Glycidyltrimethylammonium chloride

. Paclitaxel loaded and crosslinked solid lipid nzamticles
: Paclitaxel

: Reduced Levan

: High molecular weight Levan

. Quaternalized low MW Levan

: Quaternalized Low MW Levan encapsulated Paclitaxel
loaded and crosslinked solid lipid nanoparticles

: Empty crosslinked solid lipid nanoparticles

- PCL-MAC:Ptx ratio was fixed 5 to obtain optimum
PXSLNPS

. Ethylene glycol dimethacrylate

: Diclorometan

> Trietilamin

: Dimethoxyphenylacetophenone

: Enhanced Permeation Retention Effect

. Poly(lactic acid)

. Poly(lactic co-glycolic acid)

: Critical micelle concentration

. Poly(lactide-co-glycolide)

. Epidermal growth factor

. Glycosaminoglycans

: Cells or biological molecules studied their laborgt
environment

: Cells or biological molecules studied in a nortmialogical

context
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TfR
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1. INTRODUCTION

Cancer diagnosis and therapy is an expanding gyratBoday’s cancer treatments
compose of several applications including surgigalention, radiation and
chemotherapy. Even if, these applications have laddm to be used to destroy tumor
cells and their vicinity, they could damage normals as well and result in toxicity in
the human body. Thus, during the release, the aledr drug delivery system
specifically targeting and recognizing the tumollscés of important and critical for
minimum level of damage in normal cells. For thisgose, the colloidal drug carrying
nano-particles having biosensors on the surfacetwhecognize the tumor cells for
various cancer types have extensively been stydiedkor and Gambhir 2013). After
locking on the “receptor mediated” tumor cell saganano particles can release the
drug by deformation and/or bio-erosion in and alésof the tumor cells. One of the
most important points at this stage is that theor@arrier should be over-expressed on
tumor cells without detecting through the vicindgf normal cells. This is achieved by
increasing specificity of the surface receptorshef tumor cells that could be achieved

by antigens or aptamers (Deng, Jiang et al. 2012).

Tumors have both leaky blood vessels and poor latphdrainage. While, the

nonfunctional lymphatic drainage provide achievemeh nano-carriers and allows

releasing drugs into the vicinity of the tumor Isgelrapid formation of new blood

vessels (angiogenesis) from existing ones incrpagaeability of the blood into tumor

cellsl. This situation has been expressed as thbhdiited Permeability and Retention
(EPR) Effect” which was represented schematicallizigure 1. (Peer, Karp et al. 2007,
Cho, Wang et al. 2008).

Although the drugs used for cancer therapy havebeen diversified too much, great
efforts have been performed for the preparatiomofe precise and smart nano-carrier
systems in the last decade which may bring a newehtm cancer patients in
chemotherapy and diagnosis phases. However, in sase due to the much higher
permeability of tumor cell membrane as comparethéonormal cells, they can enter
through the tumor cell membrane and release thg byuenzymatic decomposition

inside the cell. To enter the cell easily, the yiag particles have to be in nano-scale.



For this purpose, a wide variety of nano-scaledydrarrying systems including active
or passive targeting systems under various tradeesahave been prepared and are

commercialized today (Peer, Karp et al. 2007).

Ineffeclive
Iymphatic drainage

Figure 1.1 Enhanced Permeability and Retention (EPR) Effeeer, Karp et al. 2007).

Nano particles used as drug carrier in cancer plyer@e generally prepared by
combination of biodegradable (natural and synthefolymers and biological
molecules in clinically approved formulations. Taegarticles can be classified as
polymer conjugates, polymeric nanoparticles, lipased carriers such as liposomes and
micelles, dendrimers, carbon nanotubes, and galdpwaticles, including nano-shells
and nano-cages (Peer, Karp et al. 2007, Qiao, \Whaly 2010) Figure 2.

Polymeric nano-particles and liposomes, both typecarrying systems, have a
hydrophobic core containing anti-tumor drug andegahy prepared by taking into

consideration the hydrophilic/hydrophobic balancke tbe structural components.
Antitumor drug is encapsulated inside the coreegittovalently (i.e. conjugated system)
or physically (Rodriguez-Hernandez, Chécot et 8D5). Although, first non-specific

nano-particles were first examined in clinical Isian 1980s (Couvreur, Kante et al.
1982), after the year of 2005 various specifictdingeting nano-carriers with core-shell
structure have been widely prepared from diffetgpes of biodegradable polyesters
including poly(lactic acid) (PLA), poly(lactic cohgolic acid) (PLGA),



poly(caprolactone) (PCL) and different agro-polymesuch as chitosan, collagen,
hylauran, levan etc. As a result of these effddday, many polymeric nano-particles

are now in several pre-clinical and clinical stagegusquiaguirre, Igartua et al. 2012).
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Dendrimer
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Manoshells Liposomes Polymeric carriers

Figure 1.2 Nanocarrier classification (Peer, Karp et aD20

Liposomes are spherical vesicles with bi-layeredicsires composed of naturally
derived amphiphilic phospholipids. Due to the siugreproperties such as easy surface
modification, longer half-life of systemic circuiab and more safety in use, liposomes
have been attracting great interests in controlegg delivery therapy. The most
important parameters in the design and preparati@se of polymeric and liposome
type drug delivery systems are critical micelle @amtration (CMC) of amphiphilic
copolymer or phospholipids used and systemic statuf nano particles. For a good
drug carrying system, the CMC of amphiphilic blooépolymer and/or phospholipid
should be as small as possible, have a longermsigstarculation half-life and high drug
loading capacity. Higher CMC value requires higbese of drug in therapy (i.e. the
dose is adjusted by the amount of blood in the pByrchilin 2005). Nano-carriers are
exposed to numerous barriers en route their taryaseover, unstable nano particles
could not keep the drug until reaching to the tatgenor cells and are destroyed by

macrophages resulted in releasing all drug in shimdes and therefore catastrophic



results may occur. On the other hand compact teitsigh a path or lose matrix mesh
size do not permit diffusion through tumour celisivity. Overcoming these limitations
would be enhanced by different types of polymertioganano-carriers (José Alonso
2004, Nichols and Bae 2012).

“Polymeric nano-particles” often contain a hydroplt core and a hydrophilic shell.
The core-shell structure of polymeric nano-paricimables them to encapsulate and
carry the drug without biologically fouling. Theyay be formed by self-assembly of
amphibhilic biodegradable block copolymers consgbf two or more block segments
with different hydrophobicity. Block copolymers bf/drophilic poly(ethylene glycol),
PEG,with hydrophobic poly(L-lactic acid) or otherydnophobic biodegradable
polymers and amphiphilic poly(lactide-co-glycolid®LG can be used in this manner
(Ma, Liu et al. 2013).

There are different types of sensors used for tagef wnich the most commonly
used sensors; Aptamers are generally synthesizeoh feither DNA or RNA.
Affibodies, avimers and nanobodies are other targedigents enhance affinity by their
own conformational flexibility. Antibody structusebear on protein fragments which
can be used in own native state. mAbs is prevatlmgugh two binding sites within a
single body -avidity-. Likely, Fc is the other pdhnat immune cells bind in order to
initiate signal to kill the cancer cells. Todayiantly production is based on animal and
human origins such as chimeric mAbs, humanized meiizb antibody fragments. On
the other hand, Fc domain of an intact mAb can hlsd to Fc receptors on normal
cells as macrophages. This situation cause to evokeune response sometimes.
However, chemically synthesized antigen-bindingyfnants (Fab), dimers of antigen-
binding fragments (F(a)2), single-chain fragment variables (scFv) and epth
engineered fragments are less durable than whtileodies, these evoke recognition of

receptors that have several epitopes by multipkbaaies (Peer, Karp et al. 2007)

Figure 1 3.
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Figure 1. 3 Common targeting molecules (Peer, Karp et al7200



Cancer cells have fast-growing metabolism. Hencewth factor or vitamin
interactions have been used often for targeting, btwe challenge is during the
overexpression of tumor, effectiveness of targetiggnt including either growth factor
or vitamin is closely related with metabolic ratat cause expression of mitosis in fast-
growing healthy cells such as fibroblasts, epitlletind endothelial cells (Chauhan,
Stylianopoulos et al. 2012). Epidermal growth fac(eBGF), folic acid (FRs) and
transferrin (Tf) have been displayed as the exasnpi¢hese kinds of receptors to block
and reduce tumor expression or regulate angiogeaesi new blood vessels formation.
Furthermore, peptide ligands including, arginingegie-aspartic acid (RGD) was
observed to increase intracellular drug delivergifferent types of tumours (Peer, Karp
et al. 2007). Also, the cell surface antigens sashheparin sulphate, chondroitin
sulphate, and hyaluronan enhanced the overexpgesdirtumours that fits in the
effective targets as the specific extracellularrmmatceptors (ECM). This was the most
novel targeting strategy which was occurred eitheglycosaminoglycans (GAGSs) or
its glycopeptide version(®rown, Crawford et al. 2007). Recent decadesas vealized
that sugar based markers have displayed betteorpehce to overcome tumor
metastasis(Jankovi 2011). At present, it has been well known thatious
carbohydrate structures are secreted or preferyedahcer cells to regulate cellular
energetics and metastasis regulation. Thereforgetiag strategy to cancer cells was
extended and new sugar-based marker has beencdhatisarious clinic phases (Sell
1990, Brown, Crawford et al. 2007, Hanahan and V&g 2011).

In this study, sugar based low molecular weightufevias been used for the cancer
targeting strategy. Due to the its high cell adesproperty of OH groups in its
structure, this polymer is more preferred by tunceifls rather than normal cells
(Kiucukaik, Kazak et al. 2011). Thus, Levan would be usehadterial for cancer
targeting agent (Murphy and Watson 2012). Forctiffe tumor targeting and delivery,
nano-based micelle structure size must be betw@&t0@ nm. Moreover, heterogenity
of polymers is another important factor in sizetriisition of nanocarriers (Mw/Mn)
(Li, Danquah et al. 2010). Therefore, study inckidaaternalized low molecular weight
Levan encapsulated lecithin based core micellesthed functionin vitro and their
relase kinetics.



1.1. Aim

In this study, Low MW Levan aimed to be used draiging agent as the quaternalized
sugar by encapsulating the stabilized core of nartigtes (QL-PXSLNPSs). Nano-
particle core (PXSLNPs) synthesis has been caoigdoy UV polymerization of L-
AMPS monomers with the drug spacer PCL-MAC. Ptxenoles were incorporated to
the reaction mixture. New amphipilic based formiolatof paclitaxel was aimed to
increase drug loading capacity while accumulatibnamopatrticle into the human lung

A549 tumor cells by the aid of QL Figure 4.
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Figure 1. 4 Shematically representation of synthesis of PMB& and QL-PXSLNPs



1.2. Hallmarks of Cancer and Tumor Microenvironment

Cancers evolve by the revolutionary stages whichcem not only clinical basic
characters but also dynamic and interactive pragge(tazebnik 2010, Floor, Dumont
et al. 2012). All tumor cell characteristics haveeb argued for last century; however a
few some have been designated as main principleshwiviewed as the “hallmarks of

cancer” Figure 1.5 (Hanahan and Weinberg 2000).

Figure 1. 5.The Hallmarks of cancer (Hanahan and Weinberg 2000

The other most remarkable circumstance tumor stranhits content. Tumor stroma
covers conntective cell compartment and its inelgdi In other words, the vicinity of
malignant cells is named tumor stroma which had lpricytes, cancer associated
fibroblasts (CAFs), tumour-associated macrophages iemmune cells (CD4C and
CDS8CT lymphocytes, B lymphocytes and Natural Kilbetls) and inflammatory cells,
fat cells and blood-vessel cells. It also incluthestumour-derived non-malignant cells,
including endothelial cells, with a many growth ttas and angiogenic factors
(Brownlee 2002, Hanahan and Weinberg 2011, Kim,nbull et al. 2011). Tumor

stroma has active role for formation tumorigenesisich all hallmark capabilities need



for expression and development. Likely, tumor bigidonely figures nothing without
its own environment; because, tumors are compléls wérich contains diverse cell
types for maintain heterotype interactions withheather (Singh and Kaur 2013). In
2000, six hallmarks have been designated for carelts; these are evading apoptosis,
self-sufficiency of growth signals, insensitivityntagrowth signals, sustained
angiogenesis, limitless repliicative potential azell invasion — metastasis (Hanahan
and Weinberg 2000). Ten years later, emergingrtzaks have been published to
indicate two additional hallmarks; deregulatingldear energetics, evoiding immune
destruction and two enabling characteristics; genamstability and mutation, tumor
promoting inflammation Figure 1.6. (Pietras andrst 2010, Hanahan and Weinberg
2011).

Sustaining proliferative
signaling

Resisting Evading growth
cell death SUPPressors

Inducing Activating invasion
anglogenesis and metastasis

Enabling replicative
immortality

Figure 1. 6.Emerging hallmarks of cancer (Hanahan and Weingeid).

Even if, all these indicate many common propertresther glycans or their critical
roles were took place as the whole hallmark nonadyic cellular interactions between
them have been remarked (Yarema and Bertozzi 1988)pathkumar, Jones et al.
2006). Therefore, today most criticisms by glycdiist are about why sugar based
proteins nucleic acids and lipids on the surfaceceracells were mentioned only within
deregulating cellular energetics and tumor prongpfimflammation. However, tumor

stroma has been explained in 2011, detailed inigeaexplanation extracellular matrix



(ECM) did not be acquired (Mueller and Fusenig 20D4 and Yarema 2010, Kim,
Turnbull et al. 2011).

The other issue is glycosaminoglycans are functibgands for receptor for advanced
glycation end products (RAGE) in tumors (SparveAsafu-Adjei et al. 2009,
Mizumoto and Sugahara 2013). They have been founbit microenvironment and
ECM in various attachments with proteins and liprdsich are called proteoglycans,
glycolipids. Also, extracellular matrix (ECM) prats, and proteases have additional
roles for cancer cells which are adhesion to cefigtility, and proliferation,
responsibilities during receptor activation or in&ation, and invasive activity. These
alterations prompt main hallmarks in tumor biologlgich are inflammation, fibrosis,
vascularization, invasion, circulation in the blpatietastasis, and proliferation at

metastatic stage (Mizumoto and Sugahara 2013).

Finally, all hallmark capabilities with emerging eshnand microenvironment of tumor
cells have been interpreted rigorously. Howevees¢hcharacteristics displays tumor
biology, dynamic crossing between these propedi@sance tumor biology abilities.
Also, enabling characteristics give some glues aibogar emphasis, GAGs and RAGE
effect in tumors should be added as the hallmarknear future (Mizumoto and
Sugahara 2013).

1.1.1. Sustained Proliferative Signaling

Normal cells in human body can control their growtbmoting signals inducing cells
growth and division in order to maintain cell numbed cell scaffold; on the contrary,
tumor cells deregulate these signals to contrdl cgtle and growth to expand by
affecting other abilities of cells; such as enenggtabolism (Giancotti 2014). Growth
factor signaling (GFs) is the phenomena to effetit growth via secreting directly by
cancer cells or normal cell in tumor stroma whictd bbeen induced before by cancer
cell (DeBerardinis, Lum et al. 2008). On the othand growth factor receptors have
been enriched by cancer cells to designate itsifgration. In addition, somatic
mutations can provoke growth factor receptors atiw; or, proliferating feedback
mechanism can be arrested sometimes (Turner ansk@@L0, Coleman, Bruce et al.

2014). Whatever reason has caused for proliferasamal transduction induced by



growth factor trigger other cellular hallmarks andchor microenvironment to control its
own destiny and senescence (Cairns, Harris et0dll,2Yan, Bjornmalm et al. 2013,
Giancotti 2014).

1.1.2. Evading Growth Suppressors

Although, cancer cells have many tumor suppressmeg and proteins which are
confronted as the inhibitors of growth stimulatsignal inactivation forms in the many
cancer types, they can overcome them by negativedylating cell proliferation
mechanism that induce cell division (Levine 199Bumor suppressor products are
mainly, RB (retinoblastoma-associated) and TP53teprs, which regulate cell
proliferation, apoptosis and senesence. RB disptay®le onto outside of the surface;
on the contrary, TP53 function has seen in intialzl space by receiving messages
about i.e. abnormality in oxygen or sugar level,(Bauzon et al. 2014, Sutradhar and
Amin 2014). So, TP53 can provide stopping to furtbell-cycle progression up to
homeostasis is maintained. However, the two comnwealt suppressors of
proliferation—TP53 and RB—provide regulating cetbliferation, various cell lines
has been remarked that these functional abundhaoedesired amount; therefore, they
cannot render their function (Gorrini, Harris et2013). Contact inhibition is the other
phenomena; normal cells in human body can stoglidigiwhen they encounter another
cell. Cancerous cells typically lose this propeatyd thus grow in an uncontrolled
manner even when in contact with neighboring célls.well as, E-cadherin adhesion
molecule normally attaches transmembrane receptosihe kinases which prompt
proliferation in cancer cells (David and Rajaseka?z®12). When NF2 gene product
Merlin binds this molecule, it inhibits cytoplasmmovement and strengthens cell to
cell attachments. This hampers emitting efficientotit signals (Jung 2011, Mundt
2013). The other important cell component LKB1 leglial polarity protein which
organizes epithelial structure and establishesiotdhration and stabilization; just as,
TGF-b protein as the antiproliferative effects, aahsion of cancer cell (Sameer,
Abdullah et al. 2010, Sanchez-Cespedes 2011). umfately, TGF-b protein

mechanism is usddgh-grade malignancy (Tervonen, Partanen et 41120
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1.1.3. Resisting Cell Death

Apoptatic cell deaths can be occurred by up or doggulating mechanisms or by
short-circuiting the extrinsic ligand-induced deagfathway. The most common
suppressor TP53 is eliminated easily in cances ¢€lbmel, Sorrentino et al. 2014). On
the other hand antiapoptotic regulators (Bcl-2,-8dl or of survival signals (Igf1/2)),
by downregulating proapoptotic factors (Bax, Bimy) display cancer cell revolution
for decades to avoid apoptosis and cell death (Cheret al. 2011, Rahmani, Aust et al.
2013). Likely, autophagy which is kind of cell fttron in order to degrade unnecessary
or dysfunctional cellular components, it is indudgdsome cellular stress and mostly
therefore of nutrient deficiency (Ouyang, Shi et 2012). However, cancer cells are
subjugated nutrient starvation and provide autophegncer cells likes impairing this
situation rather than cell death by shrinking torué (Eisenberg-Lerner, Bialik et al.
2009, Zappavigna, Luce et al. 2013). Thus, thisseauegeneration late stage tumors
Figure 1.7.
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Figure 1.7. Relationship between necrosis, autophagy, and apisp{Zappavigna,
Luce et al. 2013)
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Necrosis is the another situation to evoke caneds that is caused external factors,
such as infection, toxins, or trauma; on the cowtrapoptosis is naturally occurring
programmed cell death (Edinger and Thompson 208gpdvigna, Luce et al. 2013).
Cells that die due to necrosis do not follow themptic signal transduction pathway
but rather various receptors are activated thatltres the loss of cell membrane
integrity and an uncontrolled release of produétsedl death into the intracellular space
(Long and Ryan 2012). This initiates in the sureting cell an inflammatory response
which prevents nearby phagocytes from locating alahinating the dead cells by

immune cells which can be directly stimulated affdats also inflammatory cells to

proliferate and cause increasing neoplastic pregrasagain (Walczak, Miller et al.

1999, Edinger and Thompson 2004, Kuraishy, KarialeR011, Zappavigna, Luce et
al. 2013).

1.1.4. Enabling Replicative Immortality

Telomere functions have been started clarifyingeicent ten years. Apparently, it is
seen that its repeated hexanucleotide units prasaedesence by shortening and losing
the ability to protect the ends of chromosomal DN#sm end-to-end fusions.
However, cancer cells have the the specialized Didymerase that add repeated
segments to telomere DNA (Rhyu 1995). Moreovennterase protein TERT also has
additional roles cell proliferation and/or resistan apoptosis, DNA-damage repair
RNA-dependent RNA polymerase function. TERT contiifin gives it additional
functions of telomerase to tumorigenesis clarifieyy by day (Zhang, Mar et al. 1999,
Blackburn 2005).

1.1.5. Inducing Angiogenesis

Angiogenesis is the sprouting mechanism of caneks gia new vessels from existing
ones which can be occurred by new-born endotheélis and their tubes named as
vasculogenesis. This mechanism is the natural psoitea normal cell such as wound
healing and embryogenesis, “angiogenic switch’n rtransiently; on the contrary,
tumor cells pick up sprout new vessels by providiaggiogenic switch” on (Bergers
and Benjamin 2003). The two kind of well-known ‘Gagenic switch™” are vascular
endothelial growth factor-A (VEGF-A) and thrombospgm-1 (TSP-1), respectively.

12



Normally, sequentially activated blood vesselstumors, abnormal development has
been occurred therefore of aberrant signals. Iis@gumence, tumor neovasculature can
be summarized as precocious capillary sproutinggvaloted and excessive vessel
branching, distorted and enlarged vessels, erfatbod flow, microhemorrhaging,
leakiness, and abnormal levels of endothelial paliferation and apoptosis (Lawler
and Lawler 2012, Rivera, Chu et al. 2012).

1.1.6. Activating Invasion and Metastasis

Primary tumor formation oncoming from epithelialllseexpand to other cells by the
route of local invasion, extravasation and micraastasis formation. This episode is
called as “invasion-metastasis cascade” Figureld.8tder to reach higher pathological
phase of malignancy could be occurred by local srora and distant metastasis
(Valastyan and Weinberg 2011, Faltas 2012).

Primary tumor formation Local invasion Intravasation

Arrest at a
Extravasation distant organ site Survival in the circulation
S ——— ——— ——— O —— ~ ——— I - - e :
—o——wd—— e
. 1 X Clinically detectable
Micrometastasis macroscopic metastases

formation Metastatic colonization

Figure 1.8. The invasion—metastasis cascade (Valastyan amabétg 2011).

Extracellular matrix (ECM) has the main role fomior cell seeding and adhesion. The
main function for a cancer cell can change theapsh form philopodia and alter their
attachments to the ECM (Klein, Maier et al. 201Bhe ECM glycoproteins and

proteoglycans are of note for cell attachment tghothis process. The best known

critical one is E-cadhedrin which provide cell-tellcadhesion molecule via adherens
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junctions contiguous epithelial cells, in orderfeom stable epithelial cell sheets. It is
inferred that this molecule provide tumor attachtaewell. The paradox is both
expression and reduction of high level of E-cadimedause antagonist of invasion and
metastasis. Studies showed even if E-cadherin alfowthe production of oncogenic
sE-cad and E-cad/CTF2 fragments bring about tumawtty, and spreading, E-cadherin

cleavage also becomes it as an oncogenic factaid@ad Rajasekaran 2012).

Finally, there are many other cell to cell and t@lECM adhesion molecules that affect
tumor metastasis in highly aggressive carcinomabkvasion-metastasis cascade
compase of ordered process combination by onsetl iovasion, then finished by

metastasis. Metastasis would be summarized asmhemiain phase. The first one is
dissemination to distant cells; the other is adaptain foreign microenvironment

(Kuefer, Hofer et al. 2003, Valastyan and Weinkizbg1).

1.1.7. Genome Instability and Mutation

Tumors have diverse mitotic division. Thereforergnaount mutated genotypes provide
dwelling of their sub-clones within tumor stromahM&, cancer cells have great success
and chance mutant genotype clonal expansions, haats needs DNA methylation or
histone modification to inactivate tumor suppresgenes; therefore, this circumstance
provides genome protection from spontaneous mutadind surveillance of heritable
abilities (Esteller 2007, Struhl 2014).

Ongoing genomic instabilization confer altering dtions by both amplifications and
deletions at particular sites in the genomes wivigjyer neoplastic progression. Even
if, different tumor types displays diverse altevas, the common point is all both gene
copy number changes and nucleotide sequence diestadin are inherent. Therefore,
to puss repair mechanism, premalignant cells dieehint as the favorable genotypes
(Portela and Esteller 2010).

1.1.8. Tumor Promoting Inflammation

Importantly, inflammation is in some cases evidanthe earliest stages of neoplastic
progression and is demonstrably capable of fogetire development of incipient

neoplasias into full-blown cancers (Mantovani, &éaa et al. 2008). Inflammation can
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contribute to multiple hallmark capabilities by gilyng bioactive molecules to the
tumor microenvironment, including growth factoratlisustain proliferative signaling,
survival factors that limit cell death, proangiogerfactors, extracellular matrix-
modifying enzymes that facilitate angiogenesisasion, and metastasis, and inductive
signals that lead to activation of EMT and othedlrark-facilitating programs
(Hanahan and Weinberg 201Additionally, inflammatory cells can release cheatsg
notably reactive oxygen species, that are activelyjagenic for nearby cancer cells,
accelerating their genetic evolution toward statelseightened malignancy (Pietras and
Ostman 2010).

1.1.9. Reprograming Energy Metabolism

Cancer cells have different energy metabolism fraormal cells; so, these cells are
highly disordered and needs more energy for mitdivision. ATP production is 18
times less than normal; therefore, glucose intakstrbe at least 18 times higher than
normal cells (Gerlee and Anderson 2007, Seyfried Shelton 2010). On the other
hand, cancer cells have low membrane potential gtake glucose and high ion
concentration in ECM (Raghunand, Gatenby et al420The higher glucose can be
assigned by positron emission tomography (PETumor cells (Macapinlac 2013). In
fact, normal cells prefer (Krebs) cycle by mitoctoa in the presence of oxygen.
When oxygen is absent, lactic acid production isuoed for gain enough energy
(Gatenby and Gillies 2004). However, cancer cellse another way which supplied
energy production from fermentation even presem@&nough oxygen in the cell. Since,
this new type way for energy production was firstlyowed by Warburg and co-
workers in the 1920s and this called as the Warlefiigct. Even in the presence of
oxygen, cancer cells can reprogram their glucoseoésm, and energy production,
by limiting their energy metabolism largely to ghygsis, has been termed “aerobic
glycolysis”. It is so-called revised today becaitsis center of all hallmark properties
(Koppenol, Bounds et al. 2011, Bernstein, Warburg.€2013).

The metabolism in healthy cells is provided by the citrate (Krebs) cycle by
mitochondria, produces 36 ATPs with excellent eifiz with the help of oxygen; on the
contrary, the fermentative ATP production 2 ATP aslow efficacy process in

malignant cells, however, it can occur in largeoant due to its simplicity. In the
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consequence, its overall energy-flux can be higih@n obtained from the high efficacy
process. Thus, cancer cells prefer lactic acid éatation in high rate through 18 times
more glucose flux into the cell (Koppenol, Bountlale 2011, Dhup, Kumar Dadhich et
al. 2012). This step reanalyzed today’s cancerarebe because, it is remarked that
cancer cells and its microenvironment prefers sehmamount and diverse type of
sugars in order to rearrange energy metabolisthdoasion, mobility and other main

hallmark capabilities (Sell 1990, Hanahan and Weigl2011, Dhup, Kumar Dadhich

et al. 2012). On the other hand, glutamine and eraassociated symbiotic catabolic
microenvironment are the other factors that reguéatergy production in cancer cells
(Victoria Ruiz-Perez, Sanchez-Jimenez et al. 20B)m this perspective, explanation
of cancer cell energy metabolism lonely does nptagent reality; it must be evaluated

by component cells of tumor microenvironment arartenergy flux (Dang 2012).
1.1.10.Evading Immune Destruction

Immune system responses are independently not emigrging hallmark; but also,
expanding phenomena day by day (Hanahan and Wegink@t1l). Recent studies
showed that cells (CD8+ cytotoxic T lymphocytes [S)f CD4+ Th1l helper T cells, or
natural killer (NK) cells) antitumor immunity assgynificant barrier to tumor formation
and progression in humans (Hoskin, Mader et al.8200n addition, immune

surveillance confront as the strong barrier to earformation. Unfortunately, cancer
cells mostly recognize this resistance and imprthar mechanism to evade from
immune system cells by adding them to its own meisia by inalienable way (Mapara
and Sykes 2004). This also causes complex signahamesm and reveals new
unknown relation between cancer cells to tumorremvnent and frankly human body.
As a result, this hallmark would be explained immiiture by compelling to confront
mutual interaction between tumor microenvironmenthwimmune system cells
(Hanahan and Weinberg 2011).

1.1.11.Bio-pyhsicochemical Properties of Cancer Cells Deagate Design of

Therapeutic Materials

Cancer cells have not only main biological hallmaharacteristics; but also they have

main physicochemical properties. Permanent divicacer cells always need higher

16



energy than homeostasis normal cells; so, theyirequore glucose into the cytoplasm
(Gillies, Robey et al. 2008). This is achieved bg glucose intake is at least 18 times
higher, because its ATP production is 18 times thas normal cells which provide
cancer cell becoming more resist-dynamic by itfed#htiation, development, the
adaptation and evolution. Even if, plentiful oxygeave been exist in the cell, they
would like to produce energy by high rate of glysi$ by lactic acid fermentation in
the cytosol rather than following low rate aerot@spiration (Koppenol, Bounds et al.
2011). This called “Warburg Effect”. This situati@ause sequential results in cancer
cell and its vicinity (Warburg, Wind et al. 1927).

Table 1.1. :Cell membrane comparison of cancerous cells wsnalocells (Szasz, lluri
et al. 2013, Pardo and Stihmer 2014).

Cancer Cell Normal Cell
Membrane Potentials Efforts less ATP Efforts more ATP/
/weakness. strong.
Charge Distribution of Deviates and Not so much deviates
Cell Membranes electrochemically different and same within each
within each other. other.
Cell Membrane Decreasing membrane Equilibrium.
Permeability potential
Cell surface Negative ion increase/ Na+Equilibrium.

( Glycocalix) /cytosol increase.
Cell Membrane Higher. Lower.

Conductivity

Normal cells have active membrane stabilization apénd energy ATP for this
purpose; on the contrary, cancer cells need mooéfgrating energy-consumption
therefore provide less ATP for active membraneikitakion (K* and N& transport)
(Hulikova, Harris et al. 2013). This causes memeérgmtential weakness and
electrochemically differences and deviates chaiggiloution. Efflux of the K, Mg*™
and C&" ions increase and 'Kregulates pH of cell by taking photons out frone th

cytosol and Na+ increases in the cytosol while glgalix shell donated by negative
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ions at the same time (Zhao,et al. 2014). As theseguence, tumor cell membrane
potential decreased and negatively polarized. Toexethe conductivity () of the
tumor cell will be higher than normal cells (Szakézi et al. 2013, Pardo and Stiihmer
2014, Zhao, Zhao et al. 2014) (Table 1.1).

Warburg effect argues also other sequential reablbsit gradually favorite metabolism
that brings about fermentation in malignancy (Wagbwind et al. 1927). The end
product of fermentation has different from oxidatiwycle end product. However, these
two process occurs in aqua and their end prodwetsgequal proton production; high
rate fermentation cause proton accumulation incde (Pokorny and Pokorny 2013)
(Figure 1.9.).

The oxidative cycle products GLCHEH20 . -12H* + 60037

BT OREE e Er e 2CHsCHOHCOOH i 2CH; CHOHCOG 424"

Figure 1.9. Representation of oxidation and fermentation pet&l{Szasz, lluri et al.
2013).

When lactate ion concentration increase, osmatssure must increase. In order to
control cell pressure, water monomers increase th& cell. This situation cause
ordered water molecules becoming to non-ordered.os high malignancy stages,
cancer cells have high amount disordered water cutds. All these events cause
reducing intracellular pH and proton gradient intaohondria and ATP production.
Hydrogen ionic transmitter becomes weak, the reinovéhe hydrogen ions becomes
less active the membrane potential of mitochongiavs (Szasz, lluri et al. 2013). This
lowers the permeability of the membrane, decre@isesmitochondrial permeability
transition (MPT), which have a crucial role in apugis resistance by supporting the
host cell fermentation process (Chiara, Gambaluegaal. 2012). The free-ion
concentration increases in the cytoplasm and desorg water molecules needs energy
and so the HSP chaperone stress proteins stae podoluced (Zeng, Liu et al. 2014).
This process needs more ATP as well as it is gup#tic agent, so the process could
lead to the complete block of apoptosis. On themttand, there are no any adhered
junctions that provided by E-cadherin connectioesveen cancer cells. While healthy
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cells establish these connections and organiza isoghisticated manner, cancer cells
prefers autonomic control and fight from all otleetls (Christiansen and Rajasekaran
2006, David and Rajasekaran 2012).

In the light of these bio-physicochemical propestieavorable therapies of cancerous
cells increase in importance. Today's effectivehtly sneaky materials; nano-world,
has been able to improved and used effectivelndiistry for past three decades (Peer,
Karp et al. 2007).

Nanocarriers have been investigated by 1980s anfirt products on the market have
been introduced 1990s which are liposomes and pahprotein conjugates (Subbiah,
Veerapandian et al. 2010, Tran, Tran et al. 20TAgn therapeutic strategy has been
expended thorough investigation of more complex smotle nano design materials.
New chemotherapeutics and receptors have been fanddexperimented by these
materials. Today cancer therapeutics based ontiaggeano-carriers overexpress on
only cancer cells surface is the fundamental taotancer research medicine. Their
distinguishable properties are easy preparatiorgeting at cancer site, effective
encapsulation of insoluble chemotherapeutic druglseamissary transport and liberation
from immune system provide omitting challenges tdigtwout translating some of the
basic research to clinic (Parveen, Misra et al.220Even if, there has not been
appropriate nanocarrier for each cancer type, opdition of their rational designs by
being made from a material that is biocompatibéesilg functionalized, exhibiting high
differential uptake efficiency in the target cetiger normal cells (or cell), and being
either soluble or colloidal under aqueous condgjonaving an extended circulating
half-life, a low rate of aggregation. As the consaue, it is argued that these nano-
scale, subtle materials would overcome paramousvpbysicochemical properties of
cancer cells (Kim, Shi et al. 2010). Thereby, d#fd targeting strategy of nano-carriers
enhance absorption of the drugs into tumours aypfaves intracellular penetration at
target site by encapsulating insoluble drug in otdgrevent drug from undesired body

environment.

1.2. Industrial Cancer Targeting Nanocarriers

Commercially available nanoparticle based prodawehbeen increasing exaggeratedly

in the world market in last two decades (Zhang, €bwal. 2008). Only in Europe,
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approximately 20 nanoparticle based product haen approved clinically and their
sales excides 6 billion in each year. In additicemcer nano-therapeutics acquires the
biggest part of them (Hafner, Lovret al. 2014). While, the most conventional product
are polymeric micelles, liposomes, dendrimers aolgmer-drug conjugates the other
types; canbon-nano tubes, quantum dots, gold cagggetic nanoparticles have been
mostly investigated in pre-clinic stage and theyehaot been participated persuasively
in the market (Hafner, Lovriet al. 2014, Jain, Mehra et al. 2014, Liao, Liale2014).

In this part will enlighten the benefits and redidns of these different nanoparticle
systems.

The superior abilities of these nano-carriers héreehigh surface area/volume ratio of
that provides rendering desired amount of targeliands at target cell- or organelle
(Kowalczuk, Trzcinska et al. 2014). On the othemdhahydrophilic polymers to render
hydrophobic and toxic drugs by insidious abilityavparticipating extended in vivo
circulation. Therefore, thir advanteges can bersanzed as (i) targeting of clinical
agents, (ii) reduced dosage and its frequency éijich best drug solubility, (iv)
provide minimum immunogenicity, and (v) to gainiopim half-life of clinical agents

in vivo bring about evolution of nanotherapeutiksifhar and Kumar 2013).

1.2.1. Conventional Nanocarrier Types and Synthesis

Nanoparticles have vast variety of compasitionycgtire and surface charecteristics that
provide them outstanding abilities through the iogrrand liberating their content at
their targets. Polymeric micelles, liposomes, deners and polimer-drug conjugates
(Figure 1.10.) are the conventional used nano@arin industry. These drug delivery
vehicles are between 10-200nm in size, have diftersurface charge, and
functionalized different antigens. This section Iwihtroduce these drug delivery
vehicles (Dobrovolskaia and McNeil 2007, Saad, Gaginko et al. 2008, Avila-Olias,
Pegoraro et al. 2013, Krishnan and Rajasekaran)2013
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Liposome Polymer-drug Polymeric micelle Dendrimer
conjugate

(_ Polymeric core '{ Polymeric corona @ Therapeutic load <& Targeting ligand

Figure 1.10. Overall presentation most conventnal used nanapeetics in the

industry. (Krishnan and Rajasekaran 2013)

1.2.1.1. Polymeric Micelles

Today, variety of self-assembly hydrocarbon ampileghHorms micelles and molecules
with a size of approximately 10-200nm have beenduas the drug delivery
nanocarriers (Dobrovolskaia and McNeil 2007, PEarp et al. 2007). Other most used
amphiphilic molecules are polymeric micelles congabsf by self-assembly of block
copolymers consisting of two or more polymer chdwas different hydrophobicity.
While, hydrophobic core provide to carry hydroplwlirug in the inert part, its
hydrophilic shell provides stability in blood bythasteric protection the whole structure
and have the structural availability to attach muadberse functional groups (Avila-
Olias, Pegoraro et al. 2013, Zhang, Ma et al. 20ltd)superior property regards to
other type drug carrying is having larger size diberating its content in desired
amount at specific pH and temperature by diffusiom bulk or surface of it. The other
important property is low CMC provide it more stapiin blood (Bickerton, Jiwpanich
et al. 2012). Two or more active material can beapsulated without interact each
other. Their surfaces can be easily modified bgrlds such as antibodies, peptides,
nucleic acid aptamers, carbohydrates, and smakeuatds can target their delivery and
uptake these cells, which achieve their spegffieihd efficacy, and reduce their
systemic toxicity (Barreto, O’Malley et al. 2011hahg, Ma et al. 2014). One of the
most used amphipilic materials in synthesis of ndng delivery systems is soy bean
lecithin (Chan, Zhang et al. 2009, Koifman, Schivdh#ovsky et al. 2013). One of the
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mostly used amphiphilic materials in the synthe$ieano drug delivery systems is soy
bean lecithin, which is a natural amphiphilic anditierionic phospholipid (Chan,
Zhang et al. 2009, Koifman, Schnabel-Lubovsky ef@ll 3). Its functional derivatives
have been widely used in drug delivery applicati@muhaj 1989).

1.2.1.2. Liposomes

Liposomes are also natural or synthetic amphiphpid molecules can be one or more
compartment bilayered structural membranes as piergal shape (Akbarzadeh,
Rezaei-Sadabady et al. 2013). Although, they haea lnsed widely as the drug carriers
in last decades, it is noticed that their bloodu&tion are not long term stable therefore
of high drug loading cause larger sizes that cdhsealarm immune system in the
body. On the other hand, today’s industrial appitces provide their structure more
stable through structural stable polymers like RB@la-Olias, Pegoraro et al. 2013).

High hydrophobic drug encapsulation efficiency, apdby polymeric modification

make them more stable in blood and suitable surfacattaching desired targeting

molecules onto it (Kraft, Freeling et al. 2014).
1.2.1.3. Dendrimers

Dendrimers are special well-defined architecturésclv can be made by synthetic or
natural polymer (Tomalia, Christensen et al. 201Phey have highly branched
structures, globular shape and multiple layers fiiwan initiator core to multiple layers
with active terminal groups (Avila-Olias, Pegoraeb al. 2013). They have some
superior abilities that overcome size dependenitdions of carrying systems. They
can carry various drugs by multivalent surfaces éimables binding these molecules via
covalent conjugation or electrostatic adsorptiom(LKostiainen et al. 2013). The other
drug carrying mechanisms of them is carrying drugtheir cavities by hydrophobic
interaction, hydrogen bond, or chemical linkagep®uwling on all these designs, also
polymeric structure can be designated at the desm@olecular weight that provide
them superior property in low size up to 5 nm asdrug delivery vehicle which even
carry enough amount of drug molecules. Their easglifications by targeting agents

and their biocompatible polymeric framework canilgaonceal from immune system.
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Their low molecular weights provide higher accumiola of drug in the controllable
manner (Svenson and Tomalia 2012).

1.2.1.4.Polymer-drug Conjugates

The last conventional materials used as the drligetg are polymer-drug conjugates.
They have mostly used as passive targeting strategyability can be performed for
small molecule drugs to overcome undesirable adveffects. Anti-cancer drugs have
short circulation half-life, and non-site-speciftargeting, resulting in undesired
systemic side effects (Canal, Sanchis et al. 20Hayvever, polymer-drug conjugates
prolong the in vivo circulation time, their mechsmis do not permits cellular uptake by
endocytosis (Kwon and Kataoka 2012). This enhatifeepassive delivery of drugs to
cells with leaky blood vessels, such as tumorsahdrosclerotic plaques which named
by EPR effect. On the other hand, some kind of eaxells, rarely have not specific
antigens on their surfaces. Thus, polymer-druguggates provide best achievement for
carrying active agent by minimum toxicity (Pang,ngeet al. 2014). Even if, there are
many polymers are assumed drug carrying matebatspnly a few of them with linear
architecture have been accepted into clinical prat¢herefore of challenges as polymer
toxicity, immunogenicity, nonspecific biodistribati, in vivo circulation instability,
low drug-carrying capacity, rapid drug release, amanufacturing (Kopeek 2013).
From 1990s, PEG was mostly used not tobe overwttelfmean these hindrances
(Larson and Ghandehari 2012). Today, there areexsanples of PEGylated drugs in
clinical practice. The most known trade name Onaa$PEG-L-asparaginase) is used

to treat acute lymphoblastic leukemia (Pieters, gturet al. 2011).
1.2.2. Passive Targeting Nanocarriers

Passive targeting products first introduced in 988 the liposomer, polymer-drug
conjugates in the market (Liu, Wang et al. 2012)ek has been expanded day by day.
However, their mechanism works according to accaftrar near the vicinity of the
cancer cells by EPR effect, they suffer from sevbemaitations (Maeda 2010, Fang,
Nakamura et al. 2011). Random nature of approach uasolubility of anti-cancer
drugs cause lack of control of the therapy thdtuaes multiple drug resistance (MDR)
(Torchilin 2011, Kunjachan, Rychlik et al. 2013}IDR is the another big problem that
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chemotheraphics fails therefore of resistance oteacells to one or more drugs by
transporter proteins that expel drugs from cell fbwers the therapeutic effect and
cancer cells soon develop resistance. On the btred some kind of tumor cells do not
displays EPR effect (Peer, Karp et al. 2007). Todiayvever, lots of passive targeting
drugs in the market therefore of insufficient dieancentrations at the tumor site and,
consequently, little therapeutic efficacy, shiftedactieve targeting (Kunjachan, Pola et
al. 2014). Passive targeting products can be nemtifiy their size, shape, and surface
characteristics of the nanoparticle drug carri&gkés, Chen et al. 2014). As a result,
even today, passive targeting better than sameatioms of traditional chemotherapy
such as an inability to actively distinguishes ttgalcell from tumor cell (Bahadori,
Topcu et al. 2014, Kunjachan, Pola et al. 2014).

1.2.3. Active Targeting Nanocarriers

Active targeting recognition is the new and mosbnpising strategy that binding
specific receptor at the surface of the nano-aarpeovide ability drug relase into only
target cancer cell or onto its surface by bindintjgens of cancerous cells (Peer, Karp
et al. 2007, Mohanty, Das et al. 2011). Active étirgg prevent considerably releasing
toxic drug to healthy cell. Targeted strategy iase drug delivery and eliminate the
potential side effects (Steichen, Caldorera-Modral.e2013). Active targeting ligands
for tumor therapy used in industry mostly includipgptides, aptamers, vitamins and
sugars (Adamczyk, Tharmalingam et al. 2012, Bediraku et al. 2013, Chen, Blixt et
al. 2013).

1.2.3.1. Antibody and Protein Based Targeting

Antibody based targeting promising therapeuticsyd\er there are several limitations
about their production and development. Their soglgroductions is very complex
and expensive process (Miller and Xu 2012). Eveahate restricted their widely usage
as the ligand, today their many kinds are useanter drugs. mAbs is most known and
used in the development of targeted NPs (Yang, &ieh al. 2014). For instance,
trastuzumab and rituximab which include mAbs angehbeen conjugated to PLA
(Glennie, Tireci et al. 2014). Unfortunately, &shsome limitations because of its high

molecular weight. This brings about instabilityarganic solvents and rapid clearance
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via potentially immunogenic activity. Antibody fyments including (Fab) and scFv’'s
have been developed to reduce these restrictedt®ffeowe, Dudgeon et al. 2011).
Affibody and nanobody molecules molecules are momdre small (6-15kDa) small
polypeptides derived from an antibody binding dameaand compared to mABs have
lower immunogenicity (Sierks, Boddapati et al. 2018 addition, peptides have
another of note delivering chemotherapeutics. Tdigierings from antibody, scale up
production is less expensieve and complex. Cage#ir metabolism is based on
disruption of ligand-receptor interactions and piog of cellular proliferation.
Combinatorial phase library technique is able tedusscreening of potential protein
ligands that ranges change from 10-15 amino acidsnigth and can be selectively
bind to tumor targets with high affinity (Justo,aez et al. 2014, Saito, Nakato et al.
2014). Peptides have superior property than apwmdrich their small size, relatively
low immunogenicity, high stability, and easy corgtign to polymers, lipids and NP
surfaces (Kamaly, Xiao et al. 2012). Combinatdraaries serves as discovery of short
peptides (10-15 amino acids) which are targeteteim® cells, or cells specifically.
The most known peptide sequence is that of RGDchwininds to avb3 integrin
receptors upregulated on both tumour cells andogegiic endothelial cells; however,
some challenges still remain, including nonspedaitithesion, as avb3 integrin is also
expressed on normal cell and non-cancerous inflasaksl (Cho, Amadei et al. 2012).

1.2.3.2. Nucleic Acid Based Targeting

Aptamers are composed of short oligonucleotide esecgs of DNA or RNA, which
enables them various compositions (Gu, Karnik e2@07). Random RNA sequences
are fold into a native state configuration providdigand binding. Systematic evolution
of ligands by exponential amplification (SELEX), iee new process that diverse
populations of RNA and DNA sequences to find newamgers to act as targeting
ligands (Kasahara, Irisawa et al. 2013). Their sop@roperties are, small size (15 kD),
lack of immunogenicity, and the potential to repdgdenetrate and target tumor cells
(Steichen, Caldorera-Moore et al. 2013).

Aptamers first by selected from random oligonudbmtlibraries by the process of
selective binding to antigens with high specifiatyd affinity; SELEX by the groups of
Larry Gold and Jack Szostak in 1990s (Ellingtod &zostak 1990, Gold and Tuerk

25



1993). It is recognized that Apts isolated from BELEX process have approximate
molecular weights of B15 kDa, are chemically stabla range of solvents, pH, and can
be developed by chemical. For instance, NP-Aptumgates targeting the PSMA have
been used mostly prostate cancer types and PLARES&targeted with the AS1411
Apt is abele to cross the BBB and target proteiclenlin, found in the plasma
membrane of cancer cells, and specifically on géamells. Apts has high specificity
against targets is their secondary structure klteheir specific nucleotide sequence.
Even if, this secondary structure may be affectethdnat, exonuclease or endonuclease
degradation, and other environmental factors whald limit the stability of Apts and
their binding properties, today many product in timarket has been targeted by
aptamers (Kamaly, Xiao et al. 2012).

1.2.3.3. Vitamin Based Targeting

Vitamin based targeting has superior to the othexdycts through their small

structures, easy of handling and less degradatiam bimolecular ligands (Chen, Zhao
et al. 2010). On the other hand, they have easplicguchemistry by conjugation with

other molecules. They have higher ligand densiig® NP surfaces and vicinity. In

addition, diverse orientations and less immunogdereftects and scalable productions
are the other advantages of them. The most usall smlecule targeting vitamin for

drug delivery is folic acid (or folate) has highaify vitamin and is a commonly used
ligand for cancer targeting over-expressed in @eaof tumour cells without causing
harm to normal cells (Lu and Low 2012). For ins®nEC145 is folate derivative

isolated from vinca alkaloid have been used foceatreatment (Leamon, Vlahov et al.
2014). Furthermore, folate can be attached torsievef drug delivery vehicles easily
including liposomes, protein toxins, polymeric NRsear polymers, and dendrimers, to
deliver drugs selectively into cancer cells usimyRediated endocytosis (Wang, Li et
al. 2014). Additionally, folate has hydrophobic ustiure and increase its binding
properties on the NP surface need to be specibficalestigated which can hamper the
binding efficiency of folate to its receptors somets on which provide over-expressed
variety of tumors such as ovarian carcinomas, chocinomas, meningiomas, uterine

sarcomas, osteosarcomas, and non-Hodgkin’s lymph¢&wadimack and Lee 2000).
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1.2.3.4. Sugar Based Targeting

Sugars in the other words ‘Carbohydrates’, arentbet recent and promising approach
as cancer targeting ligands (Marradi, Chiodo et28l13). Their biyopolimer chain
function gives chance to arranging molecular weightount and their size. Their
different sequences provide different folding andyas moieties and their ease of
production, low molecular weight and high abundamcenature (Ting, Chen et al.
2010). Membrane of cancer cells have many carbaltgchinding proteins; for
instance, lectins differentially expressed on thkutar and intracellular membranes of a
number of cells (Boscher, Dennis et al. 2011). @amells would like to internalize
different kind of sugars; therefore, their multgatly, high affinity, effective endocytosis
and biocompatibile nature make them potentiallyadle ligands for carriers in cell-
selective delivery of drugs and nucleic acids .desly, to bypass mucosal barriers
they have superior to other type of targeting ladgrUp to that time, mannose, glucose,
galactose, and their derivatives have been sucetlssfansferred clinical studies
successfully (Jain, Kesharwani et al. 2012). Initamlg low molecular weight chitosan,
hyaluronic acid, dextran and levan will be invgated in the various clinical stages
today (Murphy and Watson 2012). Also it must behhghted cancer cells have many
glycol-protein receptors. For instance, transfersirused to target to be utilized for
tumor targeting applications by binding TfR receptoTransferrin is a membrane
glycoprotein that functions with its receptor, TfR.ambert 2012). Much like folate,
when transferrin binds to its receptor it initiasdocytosis and is internalized into the

cellular cytoplasm (Steichen, Caldorera-Moore 2@l 3).
1.2.4. Overcoming Biological Barriers by Nano-Scal#licelles

The body has the defense mechanism regards tagifoliging and unliving materials;

for instance, bacteria, viruses, medical implaatg] drugs to remove (Wingerd 2013).
The difficulty the developing cancer nano-basedicésvis either these are eliminated
by the body before reach to its target or insuitidelivery to desired cells. Before
design of nano-based systems, it is critical toeustdnd the physiological and celleular
barriers (Sharifi, Behzadi et al. 2012). Whethetlutar barriers are the cell membrane,
endosome/lysosome, physiological barriers include hlood, liver, spleen, kidneys,
immune system (Zhu, Nie et al. 2012). Blood braiarrier (BBB) is another
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phenomena, which is the difficulty extravasatiaonirthe blood to reach brain tumors is
particularly difficult due to the blood-brain baari (BBB). Thereore of its complex

fluid, which have salts, sugars, proteins, enzyraad, amino acids, may be destabilize
NPs causing aggregation and embolism. In additiogd contains immune cells that
can recognize and remove foreign materials fromutation (Kievit and Zhang 2011).

Thus, nanoparticles must have high stability arehkyp enough for not to be recognized
by the immune system. That provides prolongingaioed half-life and increase access
to the tumor. The liver, spleen, and kidneys tadé@sily NPs between 10-100 nm in
diameter to eliminate (Almeida, Chen et al. 2010ne of the most important

physiological barriers is blood brain barrier whicomposed of a dense layer of
endothelial cells connected by tight junctions tpatvent passive accumulation of
many molecules into the brain. Today, this sigaficchallenge in mostly resolved by

sugar targeting strategy mostly (De Rosa, Salzaab 2012).
1.2.4.1. Extended Permeation Retantion (EPR) Effect

Tumor cells have leaky angiogenesis and ineffedymephatic drainage. In fact, this

situation is the advantage for nanoparticles tinator site establish the accumulation of
materials between 30-200 nm in size (Fang, Nakamt. 2011). This situation is

named as enhanced permeability and retention (ER&Jt where leaky vasculature in

the tumor and its vicinity occurs in highly metalkwolg cancer cells. The new blood

vessels forms new leaky ones which enables efficextravasation of nanosized

materials of up to several hundred nanometersthe#aumor and then retained in the
tumor site due to the lack of lymphatic drainageddy, PEG based nanoparticles
provide retention and high blood halflife which ieases the probability of the NP
reaching the tumor (Liu, Sun et al. 2010). On ttieephand this situation is not suitable
for brain tumors. Brain tumor barrier (BBB) is thmst laborious (Gaillard, Visser et al.
2014).

1.2.4.2. Multi Drug Resistance (MDR)

ATP-binding cassette (ABC) transporters activelynpuchemotherapy drugs out of
cancer cells. This situation is called multidrugistéance (MDR) that overexpression of

ATP-binding cassette (ABC) transporters which ad{ivoump chemotherapy drugs out
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of cancer cells (Martinez and Falson 2014). Thenysong approaches have been
experimented that include strategy drug loadingongerticles pointed to attaching
larger molecules or to proteins which are not adergd substrates of ABC transporter
mediated efflux (Thakor and Gambhir 2013). By tbeartesy of these molecules, drug
can be entered inside the target cell to carryosut therapeutic function before it is
noticed and effluxed by ABC transporters; espegiddiBCB and Pglycoprotein (P-gp)
(Klepsch, Vasanthanathan et al. 2013). Nowadaysmiall sized charbohydrate based
polymers was specifically used in many applicatidngecent decades many strategies
was investigated to reduce the ABC transportensctions; but, but clinical application
has been hindered due to low efficacy and highctox(Sunasee, Adokoh et al. 2014).

1.2.4.3. Optimal bio-physicochemical characterist&of NPs

The best nanoparticle design would be enable byndaikto account the uptake and
targeting mechanisms to certain organs, cells alid.cdn addition, surface charge,
surface chemistry, hydrophobicity, roughness, ngjdand degree of composition
effects design of NPs (Palombo, Deshmukh et al4R0th this part, these primary
properties of NPs have been introduced in ordesgign suitable synthesis conditions
by the light of NPs-cell interactive circumstan¢egyure 1.11) (Albanese, Tang et al.
2012).

1.2.4.3.1. Nanoparticle Size

Particles with diameters <5.5 nm are cleared rgpichm the circulation via renal

filtration.56 NPs with diameters ranging >100 nncwoulate in the spleen and liver,
only to be further degraded by the mononuclear ptyg system (MPS) (Krishnan and
Rajasekaran 2013, Liu, Yu et al. 2013). On contattt blood, plasma proteins such as
fibronectin, thrombospondin, von Willebrand factorC-reactive protein,

lipopolysaccharide-binding proteins, and immunoglots adsorb onto the NP surface
(protein opsonization) (Krishnan and Rajasekarab30This leads to an increase in
effective size and formation of NP aggregates. Bbygs, in turn, recognize the NPs as
foreign entities and interact with adsorbed prateuna receptors expressed on the
plasma membrane to facilitate phagocytosis andrathea. Because a majority of

macrophages in the blood are Kupffer cells locatetthe liver sinuses, opsonized NPs
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tend to accumulate rapidly within the liver, whicbnstitutes the MPS (Boraschi and
Duschl 2013).

@ Size, Shape,Charge
P e Hydrophobicity

Roughness

o Rigidity

T
&

Figure 1.11.Bio-physicochemical characteristics of NPs (Altsmerang et al. 2012).

It is therefore vital that the particles are ofaptimal size so as not to be identified as
pathogens and marked for elimination from the d¢atary system (Peer, Karp et al.
2007, Kim, Shi et al. 2010). Studies have repoetidient cell uptake rates for actively
targeted NPs in the size range of 40-50 nm (Kamébo et al. 2012, Sykes, Chen et
al. 2014). This may also be sufficient to carry giracross the blood-brain barrier,
probably via endocytosis, to target leukemic blals& infiltrate the CNS at advanced
stages of the disease (meningeal leukemia). Foareeld permeability and retention
effect— based accumulation in solid tumors, a semege of 70-200 nm has been
determined to be optimal. A size >70 nm ensure® edsextravasation of drug-
encapsulated NPs into the leaky tumor vasculatame, dimensions within 200 nm

prevent the drug’s rapid clearance by protein ostion (Albanese, Tang et al. 2012).
1.2.4.3.2. Nanoparticle Shape

Nanoparticle shape effects targeting strategy deoto be internalized effectively by
the cancer cells (Petros and DeSimone 2010). $tstiewed however there are a lot of
particle shape would be possible, spherical andst@pe types are the most effective
ones (Chen, Guo et al. 2012). Rod shape micelles ilmmentous structure that let
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them not to be perished by macrophages; becausar stress of blood flow appears
distant from the surface in contact that let themt to be engulfed by macrophages
(Daum, Tscheka et al. 2012). It is argued thattype micelles are effective especially
in solid tumor for penetrating inner parts; just sisherical types are effective in liquid
tumors therefore their binding are more strengtlsoAit is known that nanoparticle
shape establishes also rate of its internalizabgnthe cell. Since, increasing the

wrapping amount of cancer cells, they are intepealimore rapidly.
1.2.4.3.3. Nanopatrticle-Surface Charge

Nanoparticle surface charge is most effective faespecially in nonspecific binding to
cells and protein throughout blood circulation (DMao et al. 2013). Cationic
nanoparticles may achieve cellular binding by egtligis or direct penetration with
cellular membranes thereby interact with the neghti charged phospholipid head
groups, proteins and glycans on the surface oferacells. Just as, positive charged
ones, negatively charged NPs can be effectivenatzed by neutral surfaces (Verma
and Stellacci 2010). In fact, nanoparticle surfelearge is the most important factor to
let them uptake by the cancer cells. However, Ipigsitive charged nano-particles can
be pass through the cell membrane by creating hioldse cellular bilayers rather than
waiting for internalization via endocytosis, itnsore energy dependent process rather
than negatively charged nanoparticle uptake (Zheeial. 2012).

1.2.4.3.4. Nanopatrticle hydrophobicity, roughnessnd rigidity

Hydrophobicity, roughness and rigidity are the ottypes of effects of nano-particle
internalization (Kamaly, Xiao et al. 2012). Hydrafiicity is the main strategy for
nanoparticle internalization because high hydrophaurfaced micelles are more
readily taken by the cancer cells therefore ofutal surfaces, which higher levels of
protein adsorption, and IgG proteins; for instanggsonins, have high affinities for
hydrophobic surfaces preferences (Zhu, Nie et @ll22 Nam, Won et al. 2013).
Furthermore, rough surfaces also influence theesdegf NP surface binding to cells.
Nano-scale “roughness” means protrusions or depons on the NP surface forming a
harsh surface that provide minimization of repwdsferces between cellular and NP

surfaces (Kamaly, Xiao et al. 2012). Particle rigyidcan also effect nanoparticle
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distribution and elimination in the body (Yoo, Chaens et al. 2010). High flexible and
deformable nano-particles have high distributionl dss eliminated from the body.
Studies showed that the elastic modulus propeofi¢exible NPs can transfer vessels

and pores more easily in vivo (Kamaly, Xiao etZza112).
4.1. Glycomics Era and Importance for Cancer

Nowadays recent recognized and the most promisihd) fglycomics- has been aruged
about their major roles in the treatments of muideake. Scientist needs much even
more than proteome and genome to resolve some diinchetabolic mechanisms.
Thereby, by the omics era, the glycome, a glycatsp# the proteome and genome,
consider as a source of new biomarkers (Kumar,isat@gl. 2014, Svarovsky and Joshi
2014). On the other hand, solely glycan based lyopers has been able to be used as
the remarkable properties, high cell adhesion ptgmmnfers its promising use in drug
targeting application he sugar based studies ayabglics is the systemic study of a
given cell type which relevant to derived for anewg to open question to fill the gaps
of sugar based genotype and phenotype knowledgeafiad Dube 2014). The differing
property and complexity from glycomics and protecsnapproach is huge diversity,
branced structures, many possible conformationsvangl dynamic specified roles in
biological systems (Solis, Bovin et al. 2014). Glyjjpodome and glycoproteome are
gradually being developed for screening and treatsnef many disease (Kiessling and
Splain 2010, Chandler and Goldman 2013, Marth 2@E8ziel, Crispin et al. 2014).
Frankly, it can be summarized that glycomics presithe personalized medicine in the
clinical practice by the discovering of glycomol&s purification and identification
(Liang and Wu 2010). Recent studies showed thatagly have many critical roles in
pathophysiological steps of tumor progression. &fgccan regulate tumor cell energy
and adhesive mechanism for proliferation, invasiorgtastasis and angiogenesis.
Therefore, they can be used lonely or combinatiath wome other noval agents for
cancer targeting strategy (Li, Song et al. 2010nBaruth and Dwek 2011). Jamey D.
Marth, indicated in 2008 that cell have four basstlular component which include
approximately 70 cellular metabolites - carbohyesatlipids, proteins and nucleic

acids-;and, resolving many complex disease mecdmaniguld be possible by
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incorporation and possible conformations of thesmugs; especially sugars and their
conformations (Marth 2008) (Figure 12).

cysteine, glutamic acid, glutamine,
glycine, histidine, isoleucine, leucine, lysine, Fatty acyts, glycerolipids, glycerophospholipids,
methionine, phenylalanine, proline, serine, polyketides, prenol lipids, saccharolipids,
threonine, tryptophan, tyrosine, valine sphingolipids, sterol lipids

Figure 1.12. Bulding bloks of Life: carbohydrates, lipids, peots and nucleic acids
(Marth 2008) .

Fundamentally, sugar based studies about cancestexdsd to be focus on by the paper
of pathologist Steward Sell, 1990. Sell recognined carbohydrate structures on the

surface of or secreted by cancer cells in ordeegulate primarily energy metabolism
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and cellular functions. Sell has paid attentioralbérrant fucosylation and/or sialyation
functions of oligosacharides and firstly said diiet modification of them effects
individual roles for cancer methabolism. On theeothand, different charbohydrate
chain links establishes these functions. He alsbcated, these sugar based some
structures- CA 15.3, CA 19.9, CA 50, CA 125, CA 2MICA, SLEX, Tn, B72.3- migh
have been used as the biomarker for targetingeglydd cancer cells (Sell 1990).

Today it is clearly known, many types of glycaither on the tumor surface or into the
ECM have been mediating key pathophysiological &vaturing tumor metastasis
cascade (Rambaruth and Dwek 2011). In order torgssgn of tumor cells there are
lots of intracellular or intercellular signalingt@dations eventuate. These all starts by
regulation of the cell cycle and energy metaboliemcourage proliferation; provides
invasion of cells that dissociate from the tumolwotgh host extracellular matrix
(ECM) by migration (Cook, Hurst et al. 2011, JusByarez et al. 2014). Also, it
initiates adhesion to endothelial-lined neovascoktwork in order to convert it to host
endothelial cells (angiogenesis); increasing adieesiss of tumour cells changes
surface characteristics that promote adhesiveadtiens with platelets, leukocytes and
blood or lymphatic vascular endothelial cells; aondfacilitate the evasion of innate
immunity (Hanahan and Weinberg 2011, Tsuboi, Hatak® et al. 2012).

Glycans (oligosaccharides, polysaccharides) ararstiiggs assembles, which are sited
in either free form or in covalent complexes withoteins and lipids is called as
‘glycoconjugates’ (Taylor and Drickamer 2011). Matypes of glycans have been
found naturally. Therefore, these complex struguneere needed to be classified
according to their structural and functional praiesr(Table 1.2) (Du and Yarema 2010,
Tang, Mayampurath et al. 2014).

Tumor microenvironment is very dynamic and it chesign glycosylation to allow
neoplastic cells to let to establish many eventsdfvelopment and regulation energy
methabolism; for instance, receptor activation| adhesion and cell motility (Favretto,
Wallbrecher et al. 2014, Mitchell and King 2014hig trigger metastasis cascade for
tumour cells invasion and spread throughout themsgn (Finger and Giaccia 2010).
Therefore, tumor cells have high affinity all typé sugar in the methabolism (Sell
1990, Moreno-Sanchez, Marin-Hernandez et al. 2004y quickly catch them from
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blood and use for reregulation of many metabolithways (Hanahan and Weinberg

2011).

Table 1.2. Glycan types and examples (Yarema and Bertozz8,1BP@ and Yarema
2010, Haltiwanger, Hart et al. 2013, Tang, Mayarafiuet al. 2014).

Glycan Type Glycan Linkage Glycan Name
Glycoproteins: Asn- N-Linked ASN-linked
linked oligosaccharides
Mucins
Glycoproteins: O-linked O-GIcNAc;
Ser-linked Many diversed types, O-Man,
oligosaccharides
Negatively surface charged O-Fucose
Thr-linked
oligosaccharides Large Polysacharides
and ring conformation.
Free Hyaluronan, Mannan,
oligosaccharides Various degree of branching or sometimes| Chitosan, Levan, Inulin.
linear.
. . Xyl-SerLinkage; Core
Proteoglycans Signal Transduction Gal-Gal- Xyl
. - - . . Gangliosides, Neutral
Glycosphingolipids Glycosidically linked to ceraraid Glycolipids, Sulfatides
. - Glycosyl
Proteins that bear a glycan chain linked to hosphatidvlinositols
Complex Glycans phosphatidylinositol; phosp y
glycosylphosphatidyli
nositol (GPI)-linked | Nuclear and cytoplasmic proteins, which bear Hepara.n.sulphate,
. . . Chondroitin sulphate
proteins the monosaccharide O-linked N-
acetylglucosamine (O-GIcNACc) linked to serine.
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4.1.1. Glycans: from Metabolite to Material

Animal cells have many glycoconjugates including dype or combining of at least
two type glycoconjugates, which are charbohydratares covalently bound to protein
‘glycoproteins and proteoglycans’ or lipid ‘lipithked oligosaccharides,
glycosphingolipids and glycosylphosphatidylinosstdbackbones (Table 1.2.) . Outer
vicinity of cells forms a thick layer is called glycalyx that responsibility of diffusion
of all nutrients, hormones, growth factors, andubltd proteins to access to plasma
membrane receptors and transporters (Haltiwangget, éd al. 2013). Healthy cells have
many glycoproteins in ECM that roles are supportorganizing of cells 3D structures
and creating barriers to deregulate diffusion altichfion. Although, glycans roles were
not be able to unlighted for many years, now ttlearly known, they have critical and
individual roles in fundamental properties of cellgicluding protein quality control,
cell adhesion and motility, endocytosis, and sigttahsduction. In addition, they
participate developmental steps; cell proliferatioand differentiation, and
morphogenesis. For instance, many pathological carganisms use glycans as
adhesion receptors for colonization for infectiéig(re 1.13). Especially, small sets of
sugar residues can be easily bind to either ceflases or, specific carbohydrate-
recognition domains in proteins and lipids. Glydatign is the fundamental
phenomena of the cells membrane, cytosolic andeauglroteins also. Therefore, it can
be summarized all organisms cannot survive in tieeace of glycosylation. (Du and
Yarema 2010, Hart and Copeland 2010)

Structure and amount of glycan synthesis dependfoensuring a balance between
positive and negative regulatory mechanism of daydoate binding proteins of cells
(Bishop and Gagneux 2007). Since, they have goasltipity, glycans often interact
with proteins with great specificity and avidity r(Bvn, Crawford et al. 2007,
Wolfenden and Cloninger 2011). Therefore today mémg was designed to glycan-
protein antagonists or agents that would modulateag metabolism in many disease
especially for cancer targeting (Hudak and Bert@f4i4). These agents have validated
glycans involved in their metabolism as therapetdigets. Some of the agents have
proven therapeutic value and have provided leadfufther drug development efforts.

The most promising group is glucosamino glycansreioee of derivatives of
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monosaccharide precursors that alter glycan syisthgstheir incorporation of sugar
units by and structural linkage by brancehed or linear formcas, Mura et al.
2013).

Bacterial

infection Ligand-receptor

@ binding
Differentiation

Cytoskeletal O-GIcNAC/ *« Rl
. protein regulation O-phosphate “
o interplay Signal
transduction
Proteasomal

regulation

.,\ Localization
 _ -
Transcriptional
regulation
Q £

NUCLEUS

attachment

i Viral entry/
infection

Cell growth

[ ”ﬁ Glycan-dependent.-receptors]

Cell-cell
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[d O-Phosphorylation -
[ O-GIcNAcylation

Figure 1.13.Functions of Glycans within the cell and ECM (Hand Copeland 2010).

Today, investigating the structure and functionsafbohydrates, which is the one of
the four fundamental classes of biomolecules nexituicleic acids, proteins and lipids,
is important for a fundamental understanding of abelism. This provides new

therapeutic and diagnostic strategies for majoeaties (Chiodo 2013, Hudak and
Bertozzi 2014).

Nature has been evolving highly specific glycanedamteractions to regulate and
incorporate many methabolic process including sigihalling, molecular recognition,
immunity and inflammation (Hart and Copeland 201Blycans are the nature’s finest
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hybrid materials that provides many bio-inspirechtegtic materilas (Figure 1.14)
(Chiodo 2013, Reichardt, Martin-Lomas et al. 2013).

Wood, shells of insects, extremophile organism aes -first line of contact- for any
other surfaces are some of well known (Poli, Kaealal. 2009, Lichtenthaler 2010,
Kaya, Baran et al. 2014). Nature has exploitedkweat highly specific protein—
carbohydrate interactions to control and mediataudtitude of biological processes.
These examples prove how glycoscience research atsm impact and inspire
nanotechnology. Now, glycoscience is the main cptscdor future nanodevices
(Marradi, Martin-Lomas et al. 2010, Chiodo 2013).

6Glyco-liposome 6Glyco-peptide

0
O 9
Glyco-DNA 6Glyco-fullerene 6lyco-nanotube

Figure 1.14Glycan based hybrid materials for diagnose andhfitey (Chiodo 2013).

Glycoscience has been historically less appealddiamded science regards to nucleic
acid or protein research. Therefore, most recedtamlvance studies have been started
to investigate by 1990s. Today, glycan based dsyiabon nanotubes, nanodiamonds,

fullerenes, dendrimers and nanostructured metalmethl oxide surfaces have been
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prepared and applied most recently in many dis#asapy (Reichardt, Martin-Lomas
et al. 2013).

The most promising application is glycan basedetiing materials for cancer cells.
This exciting perspective is glycoscience basedetarg strategy as biofunctional
ligands for the targeting of specific glycan birgliproteins (Bernardi, Jiménez-Barbero
et al. 2013, Marradi, Chiodo et al. 2013). Eventlife interaction between glycan
molecule and targeting site, here the nanomateaal provide multivalent ligand
presentation through its large surface to volunti® rancreasing the avidity by several
orders of magnitude by the flexible conformatiorbadpolymer (Hossainy, Pacetti et al.
2011). This increases the targeting effectivenasthe cancer site. As a result, today
many biopolymers are used in the preparation ofaglybased nano-devices for either
main construction or targeting aim (Chabre and R6¢0, Wang, Ramstrom et al.
2010).

4.1.2. Glycan Based Biopolymers Used for Cancer Theraphy

High molecular weight, water soluble, biodegradatdati-inflammatory and blood

plasma extender polymers has high cell adhegiopepty confers their promising use
in drug delivery applications (Rodriguez-Carmonal avillaverde 2010, Liechty,

Caldorera-Moore et al. 2011). Cancer cells andr thecroenvironments need much
more sugar-induced energy compared to normal cellsrder to rearrange energy
metabolism, proliferation and change their shapentvease extracellular adhesion
ability (Toole 2004, Fuster and Esko 2005, Hanaaat Weinberg 2011). Due to its
polyfructan structure, glycan based polymers apeeted to be more preferred energy
source by cancer cells compare with normal celisrgiy 2011, Gabius and Kayser
2014). While, chitosan and hyalouran were well knoused by cancer targeting
biopolymers; mannan and levan has been recentty fosactive nano-drug carriers for
cancer therapy (Ossipov 2010, Park, Saravanakuinahr 2010, Cui, Cohen et al. 2011,
Sezer, Kazak et al. 2011). High avidity using tlieixible conformations and adjustable
molecular weight and high adhesive property becothem promising materials for

cancer targeting strategy (Sima, Mutlu et al. 200klfenden and Cloninger 2011,

Bostan, Mutlu et al. 2013, Bostan, Senol et al.3200n the other hand, they can be
easily functionalized with different chemical grauihat preventing nanocarrier binding
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to healthy cells would be also possible. Most psing four kinds of polymers were
summarized in detailed about cancer targetingegyat

41.2.1. Chitosan

Chitosan, composed of the randomLy distributed 4} linked D-glucosamine and N-
acetyl-D-glucosamine units of linear aminopolysasaie. This polymer is produced
from the deacetylation of chitin, which another tunal polysaccharide found in the
exoskeleton of crustaceans such as crab and siitiegy Lim et al. 2013, Yeul and

Rayalu 2013). There are the hydroxyl and amine ggdun its structure. Thus, natural
cationic groups in structure have been drawn irgingaattention within pharmaceutical
and biomedical applications. It has abundant inuneat unique mucoadhesivity,
biocompatibile, biodegradabile, non-toxicity andvionmunogenicity (Victor, Paul et

al. 2013). Synthesis type and mechanism effectitdsmolecular weight and degree of

acetylation (Bostan, Senol et al. 2013).

Chitosan is the excellence for safe and effectiugg ddelivery systems through its
biological and physicochemical characteristics KP&aravanakumar et al. 2010). The
hydroxyl and amine groups on the backbone of caitoare eligible for chemical
functionalization (Bostan, Senol et al. 2013). Tdaany self —assembled nano
particles are produced by the hydrobhob modificabbthese groups for encapsulating
hydrophob drugs to access the cancer site of a¢Ratel, Patel et al. 2010). On the
other hand, by chemical linkages with both drug mattional groups, lots of pro-drug
can be prepared using chitosan for drug targetirkgly other glycans, mucoadhesive
absorption mechanism of chitosan provide in vivddence in the gastrointestinal tract,
which increases the bioavailability of various dsi@hen, Mi et al. 2013).

1.3.2.2. Hyalouranic Acid

Hyaluronan is so called polymer which discovered 34 by Karl Meyer in the eye
clinic of Columbia University (Laurent 2002). HA ialso unique polysaccharide
structure was non-sulphated which was naturallythegized by a class of integral
membrane proteins (Schiller, Volpi et al. 2011, aAifs, Gialeli et al. 2012). It has

composed of disaccharide units, each consisting glofcuronic acid and N-
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acetylglucosamine, linked together vial,4 and -1,3 glycosidic bonds (Hubbard,
McNamara et al. 2012). The number of repeat disatbds in a completed hyaluroan
molecule can reach 105.000-150.000 g/mol (Baiewallaro et al. 2013). The first
chemical characterization dates back to 1950 amdritbed morphology of it is stiffened
random coil,which occupies a very large volume 8giann and Meyer 1954). Just as,
other biopolymers, its physico-chemical and biatadjiproperties are dependemnt its
molecular weight (Almond, Brass et al. 2000). Acting to its chemical property HA is
used as a space filler and or lubricant (Day anid déotte 2005).

HA is mostly found in the ECM in order to commurieawith a variety of ECM
molecules. It is well noticed that receynthesized HA molecules can bound to several
cell surface receptors (such as CD44 aR#AMM) that provides important
physiological processes, including sigmansduction, formation of pericellular coats
and receptor-mediated internalization (Laurent,reatiet al. 1995, Laurent, Laurent et
al. 1996, Toole 2004)On the other handHA is also known to play a role in
physiological and pathological processes, includiagbryological development,

inflammation and tumor development (Toole 2004).

HA provides cellproliferation, differentiation, migration and adim@s Cancer cells
have high mobility in the presence of excess hygalan (Goebeler, Kaufmann et al.
1996).In addition, HA-binding proteins hyaladherins ardany aspects of cell behavior
such as celimigration, attachment and metastasis (Knudsonkamaison 1993, Toole
2001).

Hyaluronic acid (HA) can bind to CD44 receptor, @hiis overexpressed in various
kinds of cancer cells (Day and Sheehan 2001, GaddHales 2004). HA is an anionic,
non-sulfated glycosaminoglycan distributed through@onnective, epithelial, and
neural cells. HA is synthesized by hyaluronan sgséis (HAS) and is abundant in
extracellular matrices and degraded by hyaluromsladts biocompatibility and
biodegradability enable its application to numeroosethods of drug delivery
(Yanagishita 1993).
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4.1.2.2. Mannan

Mannan is abundant in the plant and fungal celllavalssociated with celluloses
(Popper, Michel et al. 2011). Recently, some b&cteave been produced it, also
(Kawahara, Saburi et al. 2012). Mannan structuas somposed of-(1,4) - linked
linear w/out -(1,6) branched glucomannans that found attachpooent of the
hemicellulose fraction of the secondary cell wall gymnosperms and Konnyaku
powder; a popular food source in Japan (Vuksarkidsret al. 1999). In addition, one
group glucomannan is that derived from the funguscrdéllobosporia grisea
(Nakajima, Kita et al. 1984). Galactomannans copeirs of galactose and mannose are
found in seeds such as coffee, locust, guar, andeans. These seed galactomannans
arc usually basedn a -(l, 4) mannan backbone solubilized with shoi, 6) - linked
galactose side chains. Seed galactomannans masetdeas gums, such as guar gum or
locust gum and are incorporated in many foodseatite modifiers and as binders
(Cunha, Vieira et al. 2009, Prajapati, Jani et28l13). Beta-mannanases have been
obtained from wood-rotting bacteria, from human -gtasintestinal bacteria, from
rumen streptococci, from some seeds, and from qgtitk digestive juice (Moreira
2008).

It is widely known that like the other glycans, mnans and selected glucans are potent
anti-cancer agents (Albeituni and Yan 2013). MWaer soluble, D-glucans and may be
linear, or excessively branch form (Ren, Perera.€2012). Polysaccharides or multiple
oligosaccharides, such as mannan, which contalasga group of mannose residues,
are recognized as having a much higher affinity thiagle sugar molecules because of
the moiety density (Yu, Liu et al. 2010). They adateract with serum albumin and
other cell membrane proteins easily (Hu, Fang .e2@l4). Its mucoadhesive property,
highly flexible conformation and its energy basednmose monomeric units render it
more preferable for cancer targeting nano-base@émabtiLembo and Cavalli 2010).
Today, most nano-carrier in pre-phase was develbyedarious MW mannan and its

fucnctional derivatives (Vassilaros, Tsibanis eR8l13, Zhang, Wang et al. 2014).

42



1.3.2.4. Levan

Levan is the environmentally friendly, water-basadn-cytotoxic and biodegradable
polymer from sugar. Levan structure is suitable-B-fructo-furanose with (2 6)
linkages between fructose rings (Figure 1.15) @hajiUenishi et al. 1997, Poli, Kazak
et al. 2009). The side of residues joined to sidains effects its molecular weight
which depends on both source; plant or microorganiand the growth conditions
(Apolinario, de Lima Damasceno et al. 2014). Howelvi@polymers have enormous
usages in Industry, their structures sometimesdcoat resist extreme conditions. Thus,
investigations has been lapsed biopolymers whieh pgoduced by special bacteria
survive in extereme conditions as temperature agiu $alinity or pH. The Levan is the
natural polymer therefore of advantageous ovewofmim-derived polymers. Secondly,
it is obtained from extremophiles which is suppoasdhese microorganisms dwell in
some extreme environmental conditions, such ascckson, temperature, pressure,
salinity and acidity. Therefore, biopolymer Levangreat promise within today’s

trendy polymers (Poli, Kazak et al. 2009, KuciikaKazak et al. 2011).

OH

HO
HO HO

OH OH OH
OH OH OH

Figure 1.15 The chemical structure of linear Levan (Tajimanishi et al. 1997).

Frankly, cancer targeting strategy has been duetdiesugars by the rise of GAGs.
However, levan production has not being scaled apmsich, first studies has been
occurred by the glycan array in 2003 by Wang (Wa0Q3). Wang has patented new
glycan based biomarkers which includes Levan (Wangrzenberg et al. 2011).

Immediately, first products has been started tapce in prostate cancer product in the
market (Murphy and Watson 2012). Levan also has hesd in many other cancer
types in various pre-clinical and clinical levelgvgng, Liu et al. 2002, Arnold,

Wormald et al. 2007). In fact, Levan lonely has lbeed for the encapsulation of BSA
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as the model drug carrier (Sezer, Kazak et al. ROBtudies have shown that cancer
cells have the good affinity of levan (Kicika Kazak et al. 2011, Sima, Mutlu et al.
2011, Bostan, Mutlu et al. 2013). In this study &ewvas investigated as the promising

targeting agent to the A549 Lung Cancer cells lines

4.2.Conventinal Anti-Cancer Active Agents and Chemical

Properties

4.2.1. Doxorubicin

Doxorubicin has been used in practically since 188 members of the family of the
anthracycline antibiotics that were introduced inémcer therapy about 3 decades ago
(Arcamone 2012). As a result of a small structahffierence, DOX is a much more
potent anticancer agent than daunorubicin. Singeniroduction into human cancer
therapy, DOX is still the most widely used chematipeutic drug, with the broadest
spectrum of antitumor effect (Nagy, Armatis et 96, Peer, Karp et al. 2007). The
antiproliferative activity of DOX is due mainly its ability to intercalate into DNA and
break the strands of double helix by inhibitingdgomerase Il (Du, Liu et al. 2011).
Despite its wide acceptance in the chemotherapyanbus cancers, prolonged use of
DOX is severely limited by cardiotoxicity (Shaabaiegm et al. 2014). Another
limitation of DOX is multidrug resistance (KunjacheRychlik et al. 2013). Thousands
of anthracycline derivatives were synthesized tercome these limitations and in
search for even more active analogs. One of thet sigsificant milestones in the
semisynthetic development of more potent, non-cessstant analogs of DOX with

lower cardiotoxicity (Shaul, Frenkel et al. 2013).
4.2.2. Camptothecin

Eukaryotic DNA topoisomerases | and Il are esséntialear enzymes responsible for
the organization and modulation of the topologiealtures of DNA so that a cell may
rEPSicate, transcribe, and repair genetic inforomati opoisomerase | levels are tumor
type specific. Thus, topoisomerase | representomiging target for the development
of new cancer chemotherapeutic agents against &emoh solid human tumors (Chen,

Chan et al. 2013). The pentacyclic alkaloid natymalduct camptothecinwas first
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reported by Wall and co-workers to have potentcaniter activity and, upon the basis
of its preclinical antitumor activity, was progressinto humans for clinical evaluation
(Rodriguez-Berna, Cabafias et al. 2013). Camptothegpears to stabilize this
“cleavable complex” by interfering with the religat of DNA. Enzymology studies

have demonstrated that the closed lactone of cdhgmim was necessary for
topoisomerase | inhibition (Huang, Wang et al. 200&i, Hamza et al. 2013). Today
many drug carrier are prepared by camptothecirrdieroto overcome DNA reparation
in various cancer cell types (Hariri, Edwards et 2013, Surova and Zhivotovsky
2013).

1.1.1. Paclitaxel

Paclitaxel was first isolated from bark of yew tfesxusbrevifoliain 1967 by Monroe
Wall and Mansukh Wani. Soon after the isolatiohiB@and Susan Horwitz discovered
that the extracts of the needles and bark of thafiPayew tree had microtubule
polymerization property. Naturally occurring taxamas started to be used in 1979 as
an anti-tumor agent against various tumors. Cugemtaclitaxel and its synthetic
derivative docetaxel are being used clinicallyreatment of many cancer types such as
breast, ovarian, lung cancer, non-small-cell luagcer and Kaposi's sarcoma (Wani,
Taylor et al. 1971, Schiff, Fant et al. 1979, Smenand Faulds 1994). However,
Paclitaxel has a very complex molecular structuieits semi-synthetic production was
made feasible since 1995. The most known side tefigicpaclitaxel are neurotoxicity
and myelosuppression (FRIEDLAND, GORMAN et al. 1998rdan and Wilson 2004,
Wei, Hao et al. 2009). Paclitaxel molecular formidaCy7Hs1NO14 and its structure
carries a diterpenoid skeleton (Figure 1.16) (Sin@arg et al. 2002).

It promotes the polymerization of tubulin by bindiwith high affinity to -subunits

through the length of microtubule. Extedinarily, dysfunctional microtubule structure
is formed by Paclitaxel diffusion through small opws in the microtubule. This
causes surface stabilization and increases miantgubolymerization, which enables
conformational change of normal tubule dynamics arvides cell death. In addition,
paclitaxel has also neoplastic activity particylarh tumor vascular cells during

angiogenesis (Jordan and Wilson 2004).
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Figure 1.1&hemical structure of Paclitaxel.

Poorly water soluble paclitaxel can be formulated d&mphiphilic drug carrier

molecules, such as liposomes, which are polymeaooparticles, to overcome
biological barriers, reduce toxicity and achievestained release of drug within the
tumor cell by enabling the advantage of Enhancath@ability and Retention (EPR)
effect (Peer, Karp et al. 2007, Malam, Loizidowaket2009, Kumari, Yadav et al. 2010).
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2. MATERIALS AND METHODS

2.1. Materials and Equipments
2.1.1. Chemicals

Soybean lecithin was supplied from BDH PROLABO GRRctapur VWR (Cat
24967.183) and used as received. 2-Acrylamido-hyygtopane sulfonic acid (AMPS)
(MW207.25, CA% 15214-89-8 ) was supplied from Sigma Aldrich armgedi as
received. A biodegradable polyester, poly(caprolagtiol (PCL-diol), (MW1250
g/mol, CAS# 36890-68-3) was supplied from Polysces. Three ethyl amine (TEA)
(MW101.9, CAS$t 121-44-8) and methacryloyl chloride (MW104.5, GAS20-46-7)
were purchased from Sigma-Aldrich. 2,2-Dimethoxgtenylacetophenone (DMPA,
98%, CAS#24650-42-8) is a photoinitiator which wased to initialize radical
polymerization between 310-380 namd supplied from Sigma-Aldrich. Paclitaxel™,
kindly supplied by DEVA Holding A.., was produced by Pyhton Biotech Inc. Pure
Levan biopolymer was produced at Marmara UniverBigpartment of Bioengineering
as described elsewhere (Poli, Kazak et al. 2008, Rigolaus et al. 2013)All reagents
were used without further purification. 30 SlidetAzer MINI dialysis microtubes with
a molecular weight cutoff of 3500 Da (Pierce, Roc#f IL) dialysis membrane was
used for purification of samples. All used solventse HPLC grade and were obtained
from Fisher Scientific or Sigma-Aldrich. PhosphBigfer saline (1xPBS, pH=7.4) was
prepared by dissolving 8 g NaCl, 0.2 g KCI, 1.4MgHPO,, 0.24 g KHPO, in 800
mL of distilled HO and pH was adjusted to 7.4 with HCI. Final voluwaes fixed to 1L
by adding purified HO and subsequently sterilized by autoclave. Trieginyine (TEA,
CAS#121-44-8, 99%), used for methacrylation catatyd?CL-diol, was supplied from
Sigma-Aldrich. All solvents used were reagent grdélaorescein sodium salt CAS #
518-47-8 was purchased from Sigma-Aldrich and @setluorescein dye to get optical
images of nano-carriers using fluorescent microgcofll reagents were used without
further purification. For the cell culture experime DMEM, Fetal Bovine Serum
(FBS), DMSQO, trypsin-EDTA fetal bovine serum (FBS) and 100 ng/mL of penitilli

and streptomycin, finally formazan were purchagethfSigma Chemical Co.
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2.1.2. Laboratory Equipments
2.1.2.1. Nuclear Magnetic Resonance Spectroscopy (NMR)

The conversion of L-AMPS, metahacrylation reactdrPCL, quaternization of levan
and its detailed structural characterization wadop@ed using'H NMR performed
using Varian 600 MHz NMR at room temperature fosigising the conversion of
methacrylation reaction. Proton chemical shiftsevexcorded in ppm downfield from
tetramethylsilane (TMS).

2.1.2.2. Fourier Transform Infrared Spectroscopy (FTIR)

Synthesized molecules: L-AMPS, PCL-MAC and QL LevBm-IR spectra were
recorded on a Thermo Nicolet 6700 FT-IR spectropimeter equipped with a Smart
Orbit high performance diamond attenuated totalectdnce (ATR) accessories.

Measurements were conducted 400-4000 cm-1 in tigasEm mode.

2.1.2.3. Malvern Nano-Sizer

Measurements were performed af@5using a particle size analyzer (Nano-ZS Zen
3600, Malvern Ltd., Malvern, UK) with a laser diodeiminated light scatter sensor.
Samples were sonicated before measurement for 5 Bach measurement was
repeated three times at pH 8 and the results weseaged. Particle size data were
evaluated by volume and intensity-weighted distidns. The samples were kept for
three days and measurements were repeated forsaagble to be sure of the particle

size and stability (Vagberg, Cogan et al. 1991).

2.1.2.4. Gel Permeation Chromotography-Light Scattering (GPCLS)

The molar mass and molar mass distribution of levaere determined by gel
permeation chromatography (GPC) system, equippdld ®erkin Elmer-series 200
GPC high pressure pump, injector, serial connefctedWater columns (Ultrahydrogel
120 + Ultrahydrogel 250 + Ultrahydrogel 500 + Ultyarogel 1000), Wyatt Optilab

differential refractive index detector (RI) at 66 and Dawn Heleos multiangle light-
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scattering (LS) detector. The mobile phase was M.kolution of sodium nitrate
(NaNQ;) in 2% acetic acid water mixture, which had a floate of 1.0 mL/min.
Measurements were carried out at €5 Polymer concentrations were in the range of

0.5-2.0 mg/mL and all the samples were filteredugh 0.2 um filter prior to use.

2.1.2.5. Scanning Electron Microscope (SEM)

Scanning electron microscopy (SEM), images werainbtd by Jeol JSM-5910 LV,
Tokyo, Japan model SEM instrument at 20 kV3. Thepared nanoparticles were
mounted on metal grids with double sided adhesarban tape, coated with gold to
~500x10® cm in thickness using SC7640 sputter coater (Qudrchnologies,

Newhaven, UK) under high vacuum, 0.1 Torr, 1.2 &N¢d 50mA at 2&+1 C.

2.1.2.6. Differential Scanning Calorimetry (DSC)

A Perkin Elmer Jade type differential scanning pattetry (DSC) system was used to
determine the completion of polymerization in PX$$lat a heating rate of 20/min
under argon atmosphere (20 mL/min flow rate). Ak imeasurements were repeated
twice and the data were evaluated with Pyris saw@amples (5-7 mg) were weighted
in crimped aluminum pans and tested in the temperatnge of 0 - 308C. DSC cell
was periodically calibrated with metallic indium9(99% purity) according to its

melting point and melting enthalpy.

2.1.2.7. Fluorecence Spectrofotometers

Critical micelle concentration (CMC) of the negali charged L-AMPS ionic complex
was determined by fluoramete FS2 model fluorecepmxtrophotometer (Scinco ™)

with Floro Master FS-2 software.

2.1.2.8. Elisa Reader

Drug release studies were carried out using MotcDlevices Spectro Max340 PC

Eliza Reader Spectrophotometer comparing with peréa concentration curve.
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2.1.2.9. Fluorance Microscope

Fluoranced QL-Nano Ptx have been visualized bygugica-PFC320 Microsystems.
It was performed with an inverted Leica DM IL misompe and a 40X objective lens
under green light. The photos were captured usiniigéal CCD camera (Leica DC
500) and were processed using Adobe Photoshop @®%ase (Adobe Systems).

2.1.2.10. Ultracentrifuje

Different micelle PXSLNPs size has been fractiaeli by using MLA-55 rotor S/N
IOU568 Optima max-XP Ultracentrifuge backman Cauli&A which has Maximum
Speed (rpm) 50.000 rpm. Fractionalized of (OP) PXB& was performed at 15.000;
30.000 and 50.00 rpm during 20 min at .ambient atpey conditions between 15°C to
35°C.

2.1.2.11. UV lamb

UV Lamp was 300/E27/Ultra Vitalux OSRAM Sun Lamp dieal Tanning Bulb 300
WATTS UV BULB 230 VOLTS was used in UV polymerizati between 315-400 nm

to obtain stable micelle core.

2.2.PXSLNPs Core Optimization and Preperation

2.2.1. Synthesis of methacrylated PCL

Synthesis of methacrylated PCL (PCL-MAC) was cdrraut in dry DCM at room
temperature using TEA as catalyst. For this, 1.26fgPCL-diol (20 mmol) was
dissolved in 40 mL of dry DCM and added to a thneeked 250 mL reactor sealed
with rubber septa and equipped with magnetic stanel condenser. To this solution, 10
mL of TEA (20 mmol) was added as catalyst and #aztor was immersed into the ice
bath. A solution of 5.22 g methacryloyl chlorided(Bimol) in 10 mL dry DCM was
slowly added to the reaction within 30 minutes wiigorously stirring under argon
atmosphere. Subsequently, the reaction mixtureallased to slowly warm up to room

temperature and continuously stirring overnightdark. Product was isolated by
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washing with 15% HCI two times and extracted uddiC. Then, it was precipitated
by petroleum ether. Conversion was evaluated hygdsi NMR.

2.2.2. Preparation of Lecithin-AMPS ionic complex

1 g of soybean Lecithin (1 mmol) was dissolved @® InL ddHO at 70°C. Likewise,
2.75 g of AMPS (10 mmol) was dissolved in 10 mL @dH Immediately, AMPS was
neutralized at pH 8 by sodium carbonate (to ob#ditPS-Na) and allowed to interact
with lecithin solution by vortexing for 30 min abom temperature. After sample was
filtered through a coarse filter paper (Machereyy®la751/75/20, Germany), it was
lyophilized in order to establish cation exchanggraction (Son, Hughes et al. 2004).
The formed L-AMPS ionic complex was extracted wdihchloromethan (DCM) and

the product was characterized by using FTIR amalysi
2.2.3. Determination of Critical Micelle Concentration (CM C)

CMC values of lecithin and L-AMPS ionic complex wealetermined by fluorescence
spectroscopy in aqueous media. The variation irowils band intensity ratios of pyren
emission peaks were determined as a function @hlecand L-AMPS concentrations
which has a sharp change at around CMC concentr@fialyanasundaram and Thomas
1977). Pyrene solution was prepared at a concéntraf 6 x 10’ mol.L™* in Eppendorf
tubes in acetone and then acetone was evaporatedhibh and L-AMPS solutions at
differing concentrations (C1: 360 mg/3mL diluted3&! proportion up to C30) were
added to the Eppendorf tubes and vortex for 2 rmsonicated for 5 min and
subsequently kept at room temperature for 2 haurgbtain stable micelles. Steady-
state fluorescence emission spectra of pyrene megesured for excitation wavelength
at 333 nm. And the ratio values ef I, for each sample were calculated from the ratio

of peak intensities at 336 nm and 333 nm.

2.2.4. Size optimization of Empty Micelles (XLSNPs) by usg EDGM and
PCL

Ethylene glycol dimethacrylate (EDGM) was usedtlfirdor this optimization study
therefore of trace amount of PCL-MAC was found. §/mL (L-AMPS) 3 mg/mL
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EDGM of Lecithine amount and 1% photo-initiator DRPf total polymer amount
was used for this study. Then, best one was ewluat PCL-MAC rather than EDGM.
PCL-MAC proportion optimized according to EDGM bonabaking potential. PCL-
MAC: 1250 g/mol and EGDMA: 198 g/mol. 1250/198: &tio is designated as a
basement for the proportion for the set L-AMPS/R@AC proportions; 0.025, 0.15
and 0.3 were prepared with 6 mg L-AMPS and 1% DM#Aotal polymer amount.
Final product (XLSNPs) was precipitated in MeOHusyng centrifuge 12.000 rpm 1h.
Results were evaluated by using Dynamic Light &caity Zeta Size Analyzer and

Scanning Electron Microscope.

2.2.5. Preparation of XLSNPs With and Without Paclitaxel

To increase the drug loading capacity of XLSNPsMAC was used as spacer. To a
250 mL round bottom (RB) flask, 7.8 mg of L-AMPSdaRCL-MAC mixture (L-
AMPS/PCL-MAC weight proportion was 3/1), 0.078 mfj WV initiator (1% of L-
AMPS and PCL-MAC mixture), 0.3 mg of tween 80 wer@ded. To this mixture,
various predetermined amount of paclitaxel on thsidof the amount of PCL-MAC
was added. All content was dissolved in DCM and edixor 1 hour at room
temperature in dark. The solvent was then removestdacuum rotary evaporation to
form a thin, dry film in inner wall of RB flask. Enobtained dry film in RB flask was
further dried under vacuum overnight to remove tages of remaining solvent. After
the film was equilibrated by 20 mL dd@& at pH 8, it was vortexed for 30 min followed
by 30 min shaking at at 200 rpm to form micellebsgguently sonicated for 5 min at
room temperature. Then the micelles were irradiatétd UV for 4 hours to obtain
paclitaxel loaded XSLNPs (PXSLNPS). Particle simalgsis of the PXSLNPSs was
performed by dynamic light scattering (DLS), andittSEM images were taken. The
XSLNPs without paclitaxel (XSLNP) were preparedeference samples in release and
cell experiments using the same procedure. To mi@terthe drug loading capacity and
in vitro assays, the PXSLNPS formulation was lyophilized esthydrated at pH 7.4
using Phosphate Buffer Saline (PBS).
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2.3 QL Optimization: Synthesis of quaternalized Low MW Levan

2.3.1.0Optimization of Low MW Levan (RL) to designate shel of micelle
2.3.1.1. dn/dc study of Levan by Using GPC

30 mg Extra Pure Levan (EPS) biopolymer was diggbivn 10 mL 2% Acetic Acid
solution in 0,1M NaN@ This solution (C5) was diluted with 2% aceticdasolution to
C4: 1.5 mg.ml; C3: 0.75 mg.mL; C2: 0.25 mg.ml; C1: 0.0625 mg mt

concentrations. Each sample was filtered with Wiaati®.002 m pore size filter prior

to injection.
2.3.1.2. Acid hydroloysis to obtain low MW levan

This procedure was used to reduce the levan malegwdight without decomposition
under mild condition. For this purpose, sodium itat{NaNGQ) was dissolved in a
mixture of 2% acetic acid in water to get nitr@sed solution. (Suitcharit, Awae et al.
2011). Separately, 0.5 mg Extra Pure Levan (EPS) dissolved in 100 mL of 2%
Acetic Acid/ water solution and then the nitrosedaolution was obtained. Hydrolysis
reaction was carried out at 60°C with stirring. $&es for LS measurements were taken
at definite time intervals (60 min., 120 min. ar@DImin.), and gently neutralized using
1M NaCO; solution. After neutralization, samples were ds&yusing Spectra Por
®Dialysis Membrane cut of: 2 kDa. Final products evéreeze dried and characterized
by LS, NMR and FTIR.

2.3.2. Quaternization of the low MW levan shell (QL syntheis)

1.5 gr of reduced molecular weight Levan (RL) (M6:000 g/mol) was dissolved in 50
mL of 2% acetic acid in water solution (pH 3). ©h& mL of GTMAC was added
dropwise at 66C and the reaction was allowed to stirring for 4itso Product QL was
purified by dialysis using Spectra Ptialysis Membrane cut of: 2 kDa, freeze dried

and the conversion was determined using NMR an@®RFTI
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2.4.QL-PXSLNPs Preparation and “in vitro” experiments

2.4.1. QL coating of PXSLNPs

The coating of negatively surface charged PXSLNRs performed as follws. Under

stirring, 80 mg mI* QL-GTMAC solution in ultra-pure water at pH 8 caimting

flourescein sodium salt was added dropwise to PX3ER dispersion at pH 8 to

visualize the nanoparticles under fluorescence asampy. Amount of fluoroscein

sodium salt molecules to fructose units of QL wetst@ 1/320 #. After 1 h stabilization

the final product was freez-dried and fluorescema@oscopy images were obtained.
2.4.2. "in vitro” drug relase kinetic of PXSLNPs and QL-PXSLNPs

Drug loading yield and release profile of pacliteafkxem nanoparticles were carried out
using 2 mL of performed PXSLNPS in PBS solutiona abncentration of 5 mg mL-1
which were split equally into 30 Slide-A-Lyzer MINdialysis microtubes with a
molecular weight cutoff of 3500 Da (Pierce, RockffotL). These microtubes were
dialyzed in 45 mL of PBS buffer at 37 °C at 90 rpmth gentle stirring. Three
milliliters of dialysis medium was withdrawn at 05 2, 3, 4, 5, 6, 12 and 24 hours of
the experiment, followed by renewal of the PBS b&ufAt each data point, nanoparticle
solutions from three microtubes were collected sEpdy and 10 times diluted with
equal volumes of acetonitrile to disassemble theigkes and obtain free drug. The
resulting free paclitaxel content in each microtwb&s assayed comparing with an
already performed concentration curve obtained bgasuring the fluorescence
emission of paclitaxel at 440 nm excited at 390 usimg Molecular Devices Spectro
Max340 PC Eliza Reader Spectrophotometer. The tnregulree Paclitaxel content in
each microtube was assayed using placed in 45 n8, RRintained at 3T and stirred
at a speed of 90 rpm. The encapsulation efficiemzythe loading efficiency tests were
performed in triplicate. The encapsulation effiagrand the drug loading efficiency
were calculated from the following equations:

Encapsulation efficiency (%) = weightRik in particle x 100%

weight of Ptx fed initially
Drug loading efficiency(%) = weightt Ptx in particle x100%

weightRtix in particle + weight of lipid fed initially
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2.4.3. “in vitro” anti—-tumour activation experiments

Anticancer activities of four different micelle aantration (20 M, 18 M, 15 M, 13
M, 10 M) were evaluated. Anticancer activity test of oparticles were carried out
on human lung cancer (A549) cell line. A549cellelimwas obtained from Marmara
University, Faculty of Engineering, and DepartmehtBioengineering. This cell line
was continuously maintained from the stock cultmetarmara University, Faculty of
Engineering, and Department of Bioengineering. Tdels were maintained in
Dulbecco's modified eagle's medium (DMEM, Invitragjeontaining 10% fetal bovine
serum (FBS) and 100 ng/mL of penicillin and strepyoin (Sigma). Cells were allowed
to grow in cell culture flasks and were kept in QO@cubator at 37°C in a humidified
atmosphere of 5% Cand 95% air. For experimental purpose, cells fexponentially
growing culture were used. All experiments wereegdpd three times. Tha vitro
assay was used in this study to assess growthitiohibFor the assay, the A549 cells
from exponential-phase culture were detached with%0 trypsin-EDTA (Sigma
Chemical Co.) to make single-cell suspensions,\aable cells were counted using a
Coulter counter. About 1xf@iable cells in 100 | of culture medium (DMEM) were
added to each well in of a 96-well cell culturetpland incubated for 24 h at 37 °C
under 5 % C@in a humidified incubator to allow cells to attachwells of 96 well cell
culture plates. After 24 h or 48 h, the cell attaeint was checked and the cells were
treated with the serial concentrations of miceled then incubated for 24 h, 48 h, 72h.
PXSLNPS Micelles were initially dissolved in an amb of 100% ddKHO according to
dilution of polymer content between 0.3¢/ L to 0.18 g/ L by setting paclitaxel
loading content 20M , 18 M, 15 M, 13 M, 10 M after diluted in the medium.
Also, Paclitaxel concentrations were dissolved @% DMSO and further diluted in
medium to produce six (20M, 18 M, 15 M, 13 M, 10 M) concentrations. 10l
per well of each concentration was added to theeple obtain final concentration of
20 M, 18 M, 15 M, 13 M, 10 M for the extracts. The final concentration of
DMSO for the tested dilutions was not greater tBa26 % (v/v) to avoid solvent
toxicity, the same as in solvent control wells. Timal volume in each well was 200.
The plates were incubated for 24 h, 48 h, 72 hterAhcubation of 24 h, 48 h, 72 h the
culture medium was removed and replaced with Bffesh culture medium, DMEM.
Then, 10 | of WST1 solution (5 mg/mL) in phosphate buffersline (PBS, pH 7.4)
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was added to each well and the final concentratioVST1 reached 0.5 mg/L. The
final product of WST-1 reaction were allowed to ubate at 37°C, in a 5% GO
humidified incubator for a night. After incubatioaysorbance of WST-1 was measured
spectrophotometrically in a Promega GloMax®-Mull#croplate Multimode Reader
at 570 nm. Each experiment was carried out thneegiin triplicate. The percent
cytotoxicity of micelles (cell viability) was caltated according to their control groups
as; 100 x A570 nm (sample) / A570 nm (control). Qilative data were expressed as
mean absorbance + S.E.M. The significance of diffees between the means was
assessed using one-way ANOVA. Same procedure has applied also to QL-
PXSLNPS. They have been prepared by using abovéeaods 1G,concentrations; 20
M, 18 M and 15 M of PXSLNPS formulations. For control experimenL @
Water, QL-PXSLNPS and DMSO was evaluated. For luptake imaginagion A549
Lung cancer cell line has been allowed that ca@lsaittach to lamella. After micelles
applied, the final product were obtained by incidaat 37 °C, in a 5% C{humidified
for a night. Micelle cellular uptake was visualizedder fluorescent microscope under

green light at 20X.
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3. RESULTS AND DISCUSSION

3.1. PXSLNPs Synthesis, Optimization and Preperation

3.1.1. FTIR and NMR Characterization of L-AMPS and PCL-MAC

Lecithin, which is a zwitter ionic phospholipid,heeen widely used in the preparation
of drug carrier systems for various purposes. batiposseses one polar head and two
lipid tails. This structure therefore makes leciteimphiphilic and readily emulsifiable
in water. Its free trimethylammonium end is coneenifor modification and thus to
prepare a new amphiphilic polymerizable derivatfdecithin, this end was capped
with negative charge of AMPS-Na through cation exae interaction. Thus prepared
negatively charged L-AMPS ionic complex had two toyghobic lipid tails and one
polymerizable acrylamide group which was ionicalyached to lecithin (Figure 3.1).
The idealized structure and FT-IR spectrum of rieght charged L-AMPS complex
are given in (Figure 3.2), respectively. In FTIResppum of L-AMPS, a broad peak
observed at 3300-3500 cm-1 is due to the —OH grofi@bsorbed water and a small
peak at 3200 cm-1 is due to the N-H group of AMIPS8tthermore, this spectrum
indicated strong C=0 and P-O-C absorption peakeathin at 1730 cm-1 and 1045
cm-1, respectively. Characteristic peaks at 160&land 1320 cm-1 are due to the C=0
vibration of (amide I) and N-H bending (amide Hgspectively. Two peaks observed at
1370 cm-1 and 1350 cm-1 are due to the asymmetdsammetrical stretching of S=0
group of AMPS, respectively. After the liyophilizat of lecithin and AMPS-Na
mixture, the complex formed through the cation exgje interaction was isolated by
DCM extraction. Considering the insolubility of hyghilic AMPS-Na in DCM, the
characteristic absorption peaks of AMPS observaterFTIR spectrum given in can be
taken as a proof of a stable L-AMPS complex fororati
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Figure 3.1.Chemical structure df-AMPS complex
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Figure 3.2 FTIR pikes L-AMPS ionic complex.
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PCL-MAC is a synthesized novel molecule (Figure.)3.%ince PCL-MAC is a
methacrylated biodegradable polymer, it was usemt@ss-linker to form the core of the
nano particles and in the mean time it served asespcomponent to increase the drug
loading capacity. Due to the crosslinking the ngacticle become more stable. The
mechanism of the nano particle formation is schexaldy presented (Figure 3.3.) PCL-
MAC reacts with both hydrophobic drug and vinilegs of L-AMPS.

20

Figure 3.3.Chemical structure of PCL-MAC

PCL-MAC was synthesized by capping its hydroxyl ®md PCL-diol (1250 g/mol)
with methacryloyl chloride it is aimed to be usedb@th the spacer for drug entrapment
and the stabilizer for the core part of the nantigar Its polymerizable weak double
bonds bind PCL-MAC tails to each other and to L-A8MAnyl groups (Figure 3.4.).
This was further confirmed by NMR spectrum givenFigure 3. 5. at The singlets at
5.6 ppm and 6.1 ppm are due to vinyl protons ofLMAC which is evidence of the
methacrylation of PCL. Other specific peaks of PGAC are defined in Figure 3.5.
Due to the polymerizable vinyl groups at the baild,d?CL-MAC served as crosslinker
in the UV polymerization as well as a spacer groupus, the ionically crosslinked and
stable XSLNPs were obtained. This vinyl groups wegted with lecitin-AMPS ionic
complex in UV polymerization to form the ionicallgrosslinked and stable nano

particles (Berger, Reist et al. 2004)
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Figure 3.4. PCL-MAC reacts with drug; Ptx and vinile groupsLeAMPS

This indicates PCL-MAC serves not only as a gooacsp for drug loading, but also
helps stabilization of core during UV process. NMRRults showed CHO groups at 4
ppm (d+b) peakes which are more than PCL. Alsaeesed C-CHO (c) pike also
was seen. While, CHpike was at 1.8 pmm, GHC(O) photons at 2.3 ppm; GH
photons were at 4 ppm and edge,QiHotons were at 5.6 and 6.2; £photons at 1.9

ppm were noticed.
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Figure 3.5."H NMR result of PCL-MAC
3.1.2. Determination of Critical Micelle Concentration (CMC)

Critical micelle concentration (CMC) is the impartaparameter which indicates
minimum micelle molecule concentration to form #&ahicelles in water or buffer
environment  which  usually determined by fluoreseenc spectroscopy
(Kalyanasundaram and Thomas, 1977). CMC value iectexl by excitation or
emission spectra of hydrophobic pyrene moleculenicelle structure. In this study,
excitation spectra at 336 and 333 nm was usedtesrdime the concentration of micelle
molecule (lecithin and L-AMPS complex) in which tltere was formed. Thereby,
intensity ratio (43¢ ls33 to logarithmic micelle molecule concentration @alieen
drawn. CMC values have been achieved by slope o¥esu Micelle molecule
concentrations were prepared between 2.86"% g mL'to 90 mg mL}. The CMC
values were determined as 0.003 mg’ming for lecithin and 0.00074 mg riLfor L-
AMPS complex (Figure 3.6.).
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Figure 3.6.CMC concentration of (a) Lecithin and (b) L-AMP®1@plex
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This shows by the rxn of Lecithin with AMPS-Na, CM@lue decreases; because,
hydrocarbon chains have smaller spatial space fAMPS molecules than Lecithin
itself. However, this increases the interactioomalecules within the solution in a trace
amount, vinile groups of AMPS-Na complex increasasoparticle stability therefore

of strong hydrphobic interactions between hydrogcarthains of monomers.
3.1.3. Optimization of L-AMPS /PCL-MAC core (XSLNPSs)

Synthesized PCL-MAC is the unique molecule. Therehigelle core structure firstly
experimented with EDGMA (Figure 3.7) to optimizedastesignate best condition ratio
for L-AMPS and PCL-MAC.

O

Figure 3.7.EGDMA: 2-(2-Methyl-acryloyloxy) ethyl 2-methyl-aglate.

For optimization of UV polymerization parameters;AMPS complex was first
crosslinked using EGDMA to form the core of thersas. SEM images of the nano
particles prepared with EGDMA are shown in Figui®@ & can easily be observed from
this figure that while the average particle sizeéhef nano carriers were aimed to be 200

nm, all particles have obtained app. 300 nm ane rigdd.
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Figure 3.8. L-AMPS and %2 EGDMA SEM image

Therefore, synthesized PCL-MAC: 1250 g/mol has @igimolecular weight than
EGDMA: 198 g/mol.; so, 1250/198: 6 was assignethasatio for the optimization of
L-AMPS/ PCL-MAC as at the 0.025; 0.15 and 0.30cati

L-AMPS/PCL-MAC nano particles were first optimizégfore incorporation of drug.
Therefore, dynamic light scattering measurementidéun showed that by keeping the L-
AMPS weight ratio constant at 75%, we varied the RAC inherent viscosity and
demonstrated that we can fine-tune particle size imghly reproducible manner while
maximum affecting SLNP surface charge. Results sldovthat preparation of
(XSLNPs) by using PCL-MAC:L-AMPS in 0.025; 0.15;30. ratio concluded by
achievement of particles below 200 nm without damgrapment. Even if, 186 nm
particles have been obtained by 0.025 proportitte, most stable particles have been
provided by 0.30 proportion (Figure 3.9, Figure B.Figure 3.11, Figure 3.12);
because, the particle potential highly fluctuated in the range of -51-® mV by
incorporation of PCL-MAC to the structure.

XSLNPs were prepared by UV polymerization technidlige synthesis mechanism of
the XSLNMs is given before. A series of XSLNPs mavfour different L-AMPS/PCL-
MAC ratios were synthesized without using paclitaxe explain the effect of
composition on the particle size and surface chakgeshown in Figure 3.9., increasing
amount of PCL-MAC, which acts as cross-linker, tedhe increase in particle size and

zeta potential and thus an increase in drug loadiagacity and more stable
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nanoparticles were observed. Considering thesdtsethie most desirable composition
for paclitaxel delivery was determined 0.3 propmitas the PCL-MAC/L-AMPS ratio.
The composition of the XSLNP and PXSLNPSP and tlpairticle size and zeta

potential values are collected in Table 1.

Table 3.1.The composition of the XSLNPs and PXSLNPs
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Figure 3.9. Size and zeta results ratio of 0.025, 0.15 and @f®portions of L-
AMPS/PCL-MAC (XSLNPs)
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Figure 3.10.0.30 ratio PCL-MAC:L-AMPS in a) 10.000 b) 5.0005£).000 d) 20.000
magnification images

-

¥

Figure 3.11. 0.15 ratio PCL-MAC:L-AMPS in a) 5.000 b) 10.0002€.000
magnification images
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Figure 3.12.0.025 ratio in PCL-MAC:L-AMPS a) 50.000 b) 20.0@fagnification

images.
3.1.4. Preparation of L-AMPS /PCL-MAC core with Paclitaxel
3.1.4.1. SEM Image Analysis

Drug adding in various ratio (Ptx:PCL-MAC; 2:1; 34nd 4:1) were prepared.
Designated SEM has L-AMPS: PCL-MAC in ratio 0.30swesed to preparation of drug
loading particles therefore of its homogenous im@ggure 3.13 a and b). Maximum
drug loading capacity has been noticed by Ptx: RAAC ratio 2:1 (30% Ptx of total
polymer content) (Figure 3.13. c) as 404 nm. Ugdpeits of the drug, particle form
damaged and gel form mount up because Ptx encéipsuiaeld dropped when the
initial drug input was increased to 69% and 92%ab&l polymer content. Prepared
three different ratio combination nano-particles monosize distribution after drug
entered the particle structure. As the result, partecle is the gel system has been

swollen up by incorporation drug into the L-AMPSIRMAC ratio 0.30 structure.

(=] (o]

Figure 3.13.SEM images of a) XSLNPs; b) PXSLNPs and c) PXSLRE&-MAC/L-
AMPS ratio of 0.3 with 30% of paclitaxel
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3.1.4.2. Size and Zeta Analysis

PCL-MAC:Ptx ratio was fixed 20% to obtain optimunX$LNPS particles was
designated in order to reduce particle siz&00 nm (Figure 3.14). On the other hand,
1.5 % tw80 emulgator have the ability to reduceopanticle size by achieving more
incorporation of drug into the particle by the Vaar Walls interaction in the particle
core. While average patrticle size of XSLNP and PXBEP were 264 nm and 192 nm,
respectively, zeta potential values did not chatage much. It is worth noting that
paclitaxel loaded nano particles possessed lowdiclgasize than that of XSLNPs
which is probably due to the strong intermolecutégraction between hydrophobic tail
of L-AMPS and paclitaxel. It is important to notkat above a certain paclitaxel
concentration, which was 30 %, the PXSLNPSP wesmudted and XSLNMs were not
obtained.

Figure 3.14 a) Size results of PXSLNPs and b) XSLNPs c) ZAatential results of
PXSLNPs and d) XSLNPs
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3.1.4.3. Fractionalization of PXSLNPS by Ultracentrifuje

PXSLNPS fractionalization was carried out in theteps by ultracentrifuje at 15.000

rpm 20 min, 30. 000 rpm 20 min. and 50.000 rpm 20. s represented figure 3.15.
After the 15.000 rpm, pellets were hydrated agaisubjugate 30.000 rpm and obtained
pellets again were hydrated one more time to sabgu§0.000 rpm. Aim of this study

was to investigate fractionalization ability of hlg stabilize PXSLNPS.

USP

USP

Figure 3.15. Shematically representation of PXSLNPs. fractiortya Centrifuje

Results show that PXSLNPs can be fractionalizedhaut loosing their stability (-70

mV) even after 50.000 rpm (Figure 3.16). By theDDB. rpm, starting particles 229 nm
in diameter (Figure 3.17) were fractionalized fystTherefore, it can be obtained
particles 219 nm in diameter (Figure 3.18.) Immelyaafter, it was obtained 112.9 nm
particles in diameter from 30.000 rpm by usingtfggin pellets (Figure 3.19.). Finally,
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second spin pellets were used to obtain 94 nmgestin diameter by 50.000 rpm.
(Figure 3. 20).

Figure 3.16. PXSLNPs stabilization after 50.000 rpm.

Figure 3.17.Size distribution of PXSLNPs starting material refaltracentrifure.
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Figure 3.18. Size distribution of PXSLNPs after ultracentrifael5.000 rpm.

Figure 3.19.Size distribution of PXSLNPs after ultracentrif@e30.000 rpm

71



Figure 3.20.Size distribution of PXSLNPs after ultracentrif@ae50.000 rpm

Results showed that PXSLNPs synthesis material (29 can be easily fractionalized
by ultra centrifuje to 112 nm and 94 nm. On theeothand there has not seen any
stabilizing problem after centrifuge process; ewter 50.000 rpm micelle zeta
potentials do not change. As a result, PXSLNPBasatventous drug carrier material in
order to separate different size NPs from eachrotliecan ve evaluated that
ultracentrifuge at 15.000 rpm, 30.0000 rpm and G0.Gom do not effect PXSLNPs

structure.

3.1.4.4. DSC studies of core complex: PXSLNPs and XSLNPs

Differential scanning calorimetry (DSC) can provideeful information regarding
curing reactions, phase transitions and morphotdgttucture of materials. It has been
extensively used in polymer blends and mixturetowf molecular weight compounds
to estimate the compatibility and miscibility. Theeak area and the temperature
obtained by DSC are characteristic and quantitatieasure of phase transitions. Thus,
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the completion of curing reaction and extent ofelirnholecular interactions of the
components in XSLNPs were identified by DSC.

As shown in Figure 3.21, the melting temperaturéspore components were
determined from their DSC curves of lecithin (Tm=4T), AMPS-Na (Tm=118C),
PCL-MAC(Tm=56°C) and Paclitaxel (Tm=21%C). In this thermogram, L-AMPS ionic
complex shows two melting behavior at ® and 100°C which are between melting
temperatures of lecithin and AMPS-Na. This is doghe intermolecular interaction
between lecithin and AMPS-Na which is an evidentd¢he formation of stable L-
AMPS ionic complex. Additionally, PCL-MAC has thame melting point with PCL-
diol indicating those terminal metahcylate grougmsrobt influence its crystallization

behavior.

35+

Heat Flow Endo Down (mW)

—— Lecithin
—— AMPS-Na 56.30

Paclitaxel

T T T T T 1
0 100 200 300

40

Temperature °C

Figure 3.21 DSC curves of pure components and L-AMPS ioniogex.
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Figure 3.22. shows the DSC curves of the bulk nnéta the film form (containing all
components except paclitaxel) and its cured fori8L{XP). In these curves the melting
peaks are mostly related to lecithin. Interestinglyy melting peak attributed to PCL-
MAC, which is observed at 5& in Figure 3. 21, is not observed in this thernaogr
This is probably due to the suppression of PCL-MA@stallinity by hydrophobic

interaction with L-AMPS complex.

w
o
|

45.98

Heat Flow Endo Down (mW)
S
1

42.30

—— film XSLNP
50 — cqred XSLNIP

T v T v T v 1
0 50 100 150 200 250

Temperature °C

Figure 3.22 DSC curves of bulk film without paclitaxel and X$Ps.

Other interesting result is disturbed crystallinifypaclitaxel in PXSLNPs by lipid tails
of L-AMPS complex (Figure 3.23.). DSC curve of tIRXSLNPs and paclitaxel
incorporated bulk film were recorded to explain ghate of paclitaxel in PXSLNPs and
the extent of polymerization. In Figure 3.23.a, D&f@ve of paclitaxel incorporated and
un-irradiated bulk film has two distinct exotherngeaks at 116C and 135°C. The
first peak is due to the exothermic thermal decasitfwm of UV initiator present in the

formulation and the second is due to the polym&aomneof vinyl groups initiated by the
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radicals produced by the decomposition of initiatgroglu, Hazer et al. 1998). In
Figure 3.23.b, DSC curve of PXSLNPs have no meltpgpk indicating fully
amorphous and uniform distribution of paclitaxelRXSLNPs. It is worth noting that
there is no exothermic peak on the DSC curve dutiegwhole heating up to 25C.

This is a clear indication for the completion oflysoerization reaction after UV

irradiation.

19.5

20.0

20.5

21.0 1

21.5

22.0 1

Heat Flow Endo Down (mW)

T ——PXSLNPs
—— film PXSLNPs
T :

T T T T T T 1
50 100 150 200 250

225

Temperature °C

Figure 3.23.DSC curve of a) bulk film with paclitaxel, b) PXSPs

3.2. PXSLNPs Encapsulation by Quaternalized Low MW Leva

3.2.1. Optimization of reducing molecular weight of Levan

Molar mass values of levan was determined usingnenl GPC-LS system as the
analysis method was reported in the previous st{Blhstan, Mutlu et al. 2013).
However, there are many molecular weight calcutetion the literature, there has not
been any specific refractive index increment (dhylaralue about levan which was
obtained 0.1370£0.0028 mL g-1 in 0.1M Nap(% acetic acid solution (Figure A.1).
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Five different concentrations have been injectegjuffe B.2) and all experiment
repeated three times. Calculation showed that Levale-1 was 0.137 mL g-1.

High MW Levan (NRL) has conventionally has Mw 12874 16 g/mol (Table 3.2.).
Reduced molecular weight levan was carried outniirose acid solution (Suitcharit,
Awae et al. 2011). Results showed reduced MW drewas designated 16.000 g/mol
as indicated Figure 3.24. and Table 3.2.

1.0

0.5

relative scale

0.0 \

T T
0.0 30.0

time (min)
Figure 3.24.Molecular weight distribution reduced low MW levéRL)

Table 3.2 Comperative molar mass RL and NRL.

Molar mass High MW Levan
moments (g/mol) RL (NRL)
Mn 1.3718" (1%) 1.1838'(0.4%)
Mp 1.1868* (0.3%) 1.430€(0.3%)
Mw 1.561€&" (2%) 1.253€& (0.3%)
Mz 1.9218* (5%) 1.296€& (0.7%)
M(avg) 1.270&" (0.0%) 9.940€ (0.0%)

Polymer polydispersity is the important factor f'mcapsulation of core of micelles
(Peer, Karp et al. 2007, Daman, Ostad et al. 2Qh4yur study, RL has considerably

small (Table 3.3) ; so, polymer fragmant has sinmialecular weight.
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Table 3.3.Polydispersity of RL and NRL.

High MW
Levan (NRL)
Polydispersity RL in water
Mw/Mn 1.138(2%) 1.060(0.5%)
Mz/Mn 1.401(5%) 1.095(0.8%)

The geometric radii for NRL and RL polymers in 0.1INBNG;&2% Acetic Acid
solution spheres is given by Table 3.4 for redu@agdition. Experiments showed RL
has smaller geometric radius than NRL in water 0.NdNG;&2% Acetic Acid

solution.

Table 3.4. Geometric radius moments of the RL and NRL

rms radius RL High MW

moments Levan

(hm) (NRL)water
Rn 1.1(3.4%) 39.9(0.9%)
Rw 5.1(182%) 40.7(0.7%)
Rz 9.2(7.5%) 40.6(0.7%)

R(avg) 3.4 (1.2%) 40.8(0.0%)

On the other hand, comparative FTIR atid &nd**C) NMR results showed that nitrose
acid solution does not affect structural stabibfy Levan ether and hydroxyl groups
(Figure 3.25, Figure 3. 26, Figure C.2)

It is clearly seen nitrose acid method is the lvemy to obtain low molecular weight
levan in order to encapsulate to core of micellEFENPs). Low polydispersity has
been noticed between polymeric fragments and radutiie high molecular weight
levan to small fragmants by this method an easysafe way to prevent it from the
structural damage. Let the setting mild conditiangH 3 does not effect Levan ring

structure conformation.
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Figure 3.25 FTIR comparision of RL and NRL after acid hydmas/method.

Figure 3.26 *H and™*C NMR result of Reduced Levan (16.000 g/mol).
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3.2.2. Quaternalization of the low MW levan shell (QL synhesis)

Quaternalized low molecular weight Levan (QL) ob&ml by a simple reaction.
Continous stirring at 60°C at aquaus medium at pHe#an was easily functionalized
at desired amount. Detailed structure and its NESRlt was represented at Figure 3.27.
Frankly, peaks between 3.5 pmm - 4 ppm displayewtih ring protons. The NMR
spectrum result of QL-GTMAC was obviously seen bgtimyl alpha protons which
have been sharply remarked in 3.30 ppm. Also whes compared to levan CH1
protons at 3.6 ppm, it is clearly understood GTMA@s been added 6% to the
structure. As a result, it can be assessed Levambeaasily functionalized by GTMAC
by this method. Thereby, it can easily attach taroitein sodium salt and then

encapsulate negatively charged core of micellesS(ENPS).

Figure 3.27.Representation of QL structural conformation #AdNMR resullt.

3.3. QL-PXSLNPs Preparation and ‘in vitro” experiments

3.3.1.QL-PXSLNPs Preparation

QL-PXSLNPS was prepared by using fluorecein sodsaih (FSS) in order to visualize
micelles under the fluorecent microscope. The ratiQL-GTMAC to total polymer of

PXSLNPs concentration was set to 10:1 (wt/wt). thir$=SS was added by appropiate
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proportion to the QL. After, it was vortex; core micelles added and was subjugated
vortex 20 min. Then, they were lyofilized. Resultdearly shows QL-FSS can

encapsulate micelle core succesfully (Figure 3.28).

Figure 3.28.Fluorecent image of encapsulated PXSLNPs by QL.

The zeta potential were reduced to -0.85 mV frodh iV after the encapsulation of
QL-PXSLNPS. This also obviously shows that PXSLNRs been encapsulated by

guaternalized low molecular weight Levan succegf(iigure 3.29).
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Figure 3.29.After the encapsulation QL-PXSLNPs zeta potentieasurement.

3.3.2.%in vitro” drug relase kinetic of PXSLNPs and QL-
PXSLNPs

Results obviously showed that, the percentage ud dzlease was plotted against time,
as shown in (Table 3.5) and (Figure 3.30) accortingxcitation spectra of Ptx (Figure
D.1). The particles possessed stable drug reledse The release result revealed that
the particle was more stable when diluted and ttkatdrug was slowly released from

the particle. In addition 1159/mL Paclitaxel has not been encapsulated in pestic

Therefore, paclitaxel release was followed by fasmence spectroscopy in PBS
solution at room temperature. Initially a caliboati curve was prepared and the
percentage release of paclitaxel was determineéidare 3.30, the release profile of
paclitaxel from the PXSLNPs is shown as a funcbbtime. The release of paclitaxel
was completed within 12 hours and nearly 15% oflifgael was remained in

PXSLNPS. Using the formulas given before the efficies of paclitaxel loading and

encapsulation were calculated as 23% and 68%, ctraply.
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It is a desired feature for a nano formulationiow a strong effect at the first moments

of therapy. Together with this, a very slow releasatinues for 48 h which is enough

time for an anti-cancer drug to be sufficientlyeetive on the cancer tumor site

(Bahadori, Topcu et al. 2014).

Table 3.5 Drug relase data of PXSLNPs and QL-PXSLNPs
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Figure 3.30.Drug relase profile of PXSLNPS and QL-PXSLNPS



On the other hand, drug relase graph of QL-PXSLIR&nvs that quaternalized low
MW levan displays optimum contion for targetingas&gy; so, QL encapsulation
provides reachment to target cell within 6 hoursmiediately after, 63% of drug
liberate within the target cell by the aid of quatdized low MW Levan shell (QL). As
a result, drug effectively binds to the microtulsuté cancer cells (Table 3.5).

3.3.3. “in vitro” anti—-tumour activation experiments

Although the cytotoxic activity of commercial fortations of Ptx are well-known, this
experiment was carried out to understand wheth@obiPXSLNPs and QL-PXSLNPs
can exhibit cytotoxic effects in cell culture amdcompare the cytotoxic activity of nano
formulations with the commercial drug. The datagasgs that all used polymers and
solutions are not toxic (Table 3.6. and Figure B.3AXSLNPs display significant
cytotoxic activity to the A549 lung cancer typeudes displays 20M, 18 M, 15 M,

13 M and 10 M PXSLNPs effective at 24h, 48h and 72h when theyencompared
with Ptx in DMSO at 20 M, 18 M, 15 M, 13 M and 10 M concentrations (Table
3.7, Table 3.8., Table 3.9; Figure 3.32, Figuré33Rgure 3.34). Results showed that
therapeutic range of PXSLNPs is between 20 to 18 M. Graph of 72h gives
preciese IC50 value of PXSLNPs which is 18.8fmL and for Ptx 15.85 g/mL
(Table 3.10, Figure 3.35). Finally, it was notidbdt PXSLNPs can be used for passive
targeting strategy.
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Table 3.6.Cytotoxicity of Controls of PXSLNPs
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Table 3.7.24h Cytotoxicity of PXSLNPs and Ptx
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Figure 3.32.Cytotoxic activity of PXSLNPs and Ptx after 24h.
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Table 3.8.48h Cytotoxicity of PXSLNPs and Ptx
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Figure 3.33.Cytotoxic activity of PXSLNPs and Ptx after 48h.
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Table 3.9.72h Cytotoxicity of PXSLNPS and Ptx
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Figure 3.34.Cytotoxic activity of PXSLNPs and Ptx after 72h.
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Table 3.10.IC 50 value of PXSLNPs and Ptx.
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Figure 3.35.1C50 value of PXSLNPs and Ptx.

QL-PXSLNPs have been also investigated for abowk @@low IC50 of PXSLNPs.
Thefore, 20 M, 18 M and 15 M QL-PXSLNPs were subjugated to A549 Lung cancer
cell line. Controls obviously showed that there én@ot seen any cytotocity of QL in
water and QL-XSLNPs (Table 3.11) and (Figure 3.36).
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Table 3.11.Cytotoxicity Controls of QL-PXSLNPs

24h 48h 72h
QL in Water 9452 # 05 9564 # 200 76.22 # 137
QL- XSLNPs 2639 # 14 1810 # 0.75 10.00 # 0.0
DMSO 2476 # 140 1641 # 6.65 1151 # 14

% Survival

QL in Water QL-XSLNPs DMSO

Figure 3.36.Cytotoxicity of controls; QL in water, QL-XSLNPs @®MSQO

All concentration showed same amount cytotocitAs@9 human lung cancer cell line
(Table 3.12, Table 3.13, Table 3.14). As well asmcentration difference of Ptx in QL-
PXSLNPs does not affect cell affinity, adhesion amrnalization of QL-PXSLNPs

(Figure 3.37).
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Table 3.12.Cytotoxicity of QL-PXSLNPs and Ptx after 24h

24h QL-PXSLNPs 24h Ptx
C1:20 M 10.45 # 01 32.94 # 10
C2:18 M 11.28 # 02 40.20 # 35
C3:15 M 11.37 # 0.6 4431 # 132

Table 3.13.Cytotoxicity of QL-PXSLNPs and Ptx after 48h.

48h QL-PXSLNPs 48h Ptx
C1:20 M 9.29 # 02 22.38 # 5.0
C2:18 M 9.61 # 0.0 23.09 # 29
C3:15 M 9.95 # 0.1 24.30 # 0.2

Table 3.14.Cytotoxicity of QL-PXSLNPs and Ptx after 72h.

72h QL-PXSLNPs 72h Ptx
Cl:20 M 9.47 # 05 13.05 # 0.8
C2:18 M 9.79 # 0.3 13.48 # 53
C3:15 M 9.97 # 0.3 14.29 # 29

Consequently, it was seen that quaternalized lowecntar weight Levan can easily
internalized by A549 human Lung cancer cell typehwit depending on nor Ptx
concentration or PXSLNPs polymer amount. Impetuimisrnalization of PXSLNPs
and their fast working cell cytotoxicity closelylaied to its fructan based quaternalized
low MW levan shell; because, cancer cells have Hffmity to sugar structure of
Levan. Cell survival reduced to 9% even after ZBhere has not been any differing
IC50 value between concentrations of QL-PXSLNPsthencontrary, all concentrations
of QL-PXSLNPs (20 M, 18 M and 15 M) have similar effect and utmost cytotoxicity.
Apoptotic cell images have been shown at Figur8.3Cancer cells have seen as high
affinity to QL-PXSLNPs after 24h and PXSLNPS haweeb already engulfed and

apoptosis was started. After 48 h, apoptotic cathedies have been clearly noticed.
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Finally, after 72h, all cancer cells have been aimdissappered. Consequently, this

show, QL-PXSLNPs can be used for active targetirggey.

B2 24h QL-PXSLNPs
Y 24h Ptx
60 — B 43h QL-PXSLNPs

E=1 48h Ptx

B 72h QL-PXSLNPs
i 72n Pix

50 +

% Survival

Figure 3.37. Cytotoxic Activity of QL-PXSLNPs compared to Free

Figure 3. 38 QL-PXSLNPs internalization to A549 Lung Canceteraf(a) 24, (b) 48,
(c) 72 h.
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4. CONCLUSIONS AND RECOMMENDATIONS

In this study, passive and active targeting stsatess been compared. Firstly, micelle
core (PXSLNPs) was prepared by neutralizing of laomde derivate AMPS with
sodium salt in order to react with soy bean lenitto form gel has been newly
synthesized and used for drug carrier strategydomihg the viniylated hydrocarbon
chain L-AMPS, which has the high hydrphob drug ggcspace. On the other hand,
PCL have been most known synthetic molecule whias wsed as the synthetic
monomer to prepare in drug nano-carrier systemsrefore, synthesized PCL-MAC
molecule has the good drug occupier. Thereby, glosides the overcoming the drug
loading problems paclitaxel by the aid of passmgéting strategy of PXSLNPs. UV
polymerization technique provides reducing toxiafyPaclitaxel while the increasing
PXSLNPs stability by providing optimum delivery sizange between 20-200 nm. DSC
studies showed PCL-MAC is able to be good intevatit L-AMPS; and, Ptx does not
crystalized; it is dispersed homogenously betwegahidtarbon chains of L-AMPS. Cell
culcure experiment was carried out by A549 humang loancer types. IC50 value of
PXSLNPs nanoformulation was designated as 1@#dL. Studies showed that this
nano-formulation (PXSLNPs) has the great promise the treatment human lung

cancer by passive targeting strategy.

Fructan Levan targeting is the promising concepgtrdfore of the sugar affinity of
cancer cells to reregulate their all metabolismthis study, quaternalized low MW
Levan (QL) was used as the new and promising caacgeting agent to the A549 lung
cancer cell type. It was clearly seen that, QL fiomcelevates Ptx accumulation into
cancer cells by increasing the uptake of PXSLNP&hviwvere prepared above and
below IC50 value of nanoformulation (QL-PXSLNPsedRIts showed that cancer cell
viability reduced 9% witihin 24 h at all concentaais (20 M, 18 M and 15 M) of

QL-PXSLNPs. Collectively, these data indicates {l@t-PXSLNPs) can be developed
as a new, safe and stable nanoformulation for risetrhent of A549 lung cancer type

for active targeting strategy.

The new purpose which explains the adhesion ofegoalized low molecular weight

Levan must be enlightened in a next study. Howevés, known that -fructan Levan
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has been able to adhere to various cells via UBHgroup on its structure, mechanism
has not been explained clearly, yet (Costa, Netal.e2013, Erginer M. 2014, Mutlu

E.C. 2014) . Thereby, next future remark shoulddofcus on using new microscopic
techniques in order to come to light interactiotwsen cancer cells and functionalized

levan.

The idea of developing a drug that selectively mgstlisease cells without damaging
healthy cells was proposed by Paul Ehrlich, almestentury ago; he called his
hypothetical drug the “magic bullet’(Strebhardt ddidfich 2008). Thereafter, over the
past several decades, many scientists have fothsidttention on the development of
ideal drugs that specifically target the site dfiaat Although little progress has been
made in this field, the advent of nanomedicine and understanding of cellular and
molecular biology have opened new avenues to wamsthe Ehrlich's concept into
clinical reality. The targeted drug delivery systesrcomprised of three components: a
therapeutic agent, a targeting moiety, and a casystem. The drug can be either
incorporated by passive absorption or chemicalugatjon into the carrier system. The
choice of the carrier molecule is of high importarecause it significantly affects the
pharmacokinetics and pharmacodynamics of the dr8gfe, effective, and specific
targeting strategy depends on biocompatible, bi@tkhle and bioeliminable
materials. Appropriate therapeutics for canceratisewould be designed by polymeric

nanoparticles.

Consequently, the state art developments in oraerpitoduce more sensitive
nanoparticles related to drug relase at at theerasite of action. Even if, targeted
nanoparticles have been slowly enter the clinidisty their pharmaceutical potential
increase day by day as the new class of therageudticthis study, new promising
strategy has been evaluated by using quaterndi@eadnolecular weight Levan and it
was seen that sugar based Levan can be able tdopestenew cancer targeting
material. PXSLNPs and QL- PXSLNPs can be useddssipe and actieve strategy.
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APPENDIX A
dn/dc Peaks of Levan for 0.1M NaN@&2% Ac.A.

Figure A.1.dn/dc Peak results of Levan for 0.1M NadQ% Ac.A. solution; raw oux
input (red) data and dIR (magenta)
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APPENDIX B

dn/dcLevan concentrations (g/mL) and peak times (m).

Peak Begin (min) End (min) Concentration (g/mL)
3 Peak 1 3.866 4.439 6.25e-5
8 Peak 2 6.604 7.222 2.50e-4
E <£ Peak 3 8.537 9.542 7.50e-4
s <§ Peak 4 11.553 12.574 1.50e-3
g % Peak 5 14.615 15.698 3.00e-3

Figure B.1. Levan concentrations (g/mL) and peak timesn) for 0.1M
NaNG:&2% Ac.A solution.
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APPENDIX C
'H and **C NMR of High MW Levan (NRL)

Figure C.1 *H and**C NMR of High MW Levan (NRL)
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APPENDIX D

Paclitaxel Excitation Curve vs. Concentrations
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