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Multiple effects of electroporation on the
adhesive behaviour of breast cancer cells and

fibroblasts

Viktoria N Pehlivanava, lana H Tsoneva and Rumniana D Tzoneva

Abstract

and fibroblasts.

exposed to high field intensity (200

actin staining and flucrescent microscope.

contacts for MDA-MB- 231,

Background: Recently electroporation using biphasic pulses was successfully applied in clinical developments for
treating tumours in humans and animals. We evaluated the effects of electrical treatrment on cell adhesion
behaviowr of breast cancer cells and fibroblasts. By applying bipolar electrical pulkes we studied short- and lomng
lived effects on cell adhesion and survival, actin oytoskeleton and cell adhesion contacts in adherent cancer cells

Methode Two cancer cell limes (MDA-MB-231 and MCF-7) and one fibroblast cell line 3T3 were wed. Celk were
1000 Wem). Cell adhesion and survival after electrical exposure were studied
by crystal vicket assay and MTS assay. Oytoskeleton reamangernent and cell adhesion contacts were visualized by

Results: The degree of electropermmeabilzation of the adherent cells elevated steadily with the increasing of the
field intensity. Adhesion behaviour of fibroblasts and MCF-7 was not significantly affected by electrotreatrment
Interestingly, meating the loosely adhesive cancer cell line MDA-MB-231 with 200 Vo and 500 VWom resulted in
increased cell adhesion, Cell replication of both studied cancer cell lines was disturbed after
electropermeabilzation. Elecroporation influenced the actin oytoskeleton in cancer celk and fibroblasts in different
ways. Since it disturbed temporarily the actin oytoskeleton in 3T3 cells, in cancer cells teated with lower and
middle field intensity actin cytoskeleton was well presented in stress fibers, filopodia and lamellipodia. The
electrotreatrment for cancer celk provoked preferentially cell-cell adhesion contacts for MCF-7 and cell-ECM

Conclusions: Cell adhesion and survival as well as the type of cell adhesion (cell-BCM ar cellcell ad hesion)
induced by the electroporation process i cell specific. The application of suitable electric pukes can provolke
changes in the cytoskeleton organization and cell adhesiveness, which could contribute to the restriction of
turnour invasion and thus leads to the amplification of anti-tumour effect of electroporation-based tumour therapy.

Keywords: Breast cancer cells, Fibroblasts, Actin oytoskeleton, Electroporation

Background

Electroporation is a biophysical method, performed by
the application of high voltage electrical pulses to cells
in vitro or tissues in vivo, used to increase the cell’s
uptake of different molecules by permeabilization of the
plasma membrane [1-4]. Most of the electropermeabili-
zation protoools use unipolar electrical pulses [5-7], but
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recently the higher efficiency of biphasic pulses was con-
firmed [8-10] so they were successfully used in clinical
developments for treating tumours in humans and ani-
mals [11-13] and for DNA transfection [8]. The field
intensity and duration of the applied electrical pulses of
the electroporation (electropermeabilization) can either
reversibly open nanoscale pores on the cell membrane
after which the cell can survive, or irreversibly open the
cell membrane, after which the cell dies [14]. In cancer
treatment, the reversible electroporation has been
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New Polyvinyl alcohol-based hybrid materials for biomedical application
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ARTICLE INFO ABSTRACT

Articde histary: Palyvinyl alcohol (PVA) a hydrophilic, biodegrad able and biocompatible synthetic polymer, has been
Received 3 May 2012 widely used in diferent areas of the biotechnological and blomedical field. PYA is very sensitive
Accepbed 24 July 2012 towarnds molsture and a5 a result the film strength & reduced, which & strongly endssirable for
fwailainle online 16 August 2012 miomedical applications To overcome this problem, new hybrid materals based on PVA and
Kiywards: F-aminopropy triethoxyxlane (APTEDS |, 3- mercaptopropyltiethoxysilane (MPTEDS ) and tetrae thax-
Palymeric composites yeilane (TEDS) were prepared. Physsco-chemical surface characteriz ation of the materials was done by
FIIR measuring the water contact angle of the materials. The new materials were tested for potential use as

%ol-g=l preparation
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Cell adhesion
Biomaterials

matrices in tisee engneering application. Cytocompatibility and the cell adhesive behavier (actin
cytarskoeleton) of 3T3 cells as a function of suface functional groups were studied.
The synthesized PYAAPTEDS materials proved afficient for wse in tsee angineering applications.

& 2012 Elsevier EV. All rights reserved.

1. Introdudtion

Polyvinyl alcohol (FVA), a hydrophilic, biodegradable and
biocompatible synthetic polymer, has been widely used in differ-
ent areas of the biotechnological and biomedical field due to its
excellent chemical and physical properties, easy prooessing tech-
nique and low cytotoxicty., Howewver, FVA is very sensitive
towards moisture and as a result reduces the film strength that
is highly undesirable for biomedical applications [1]. The incor-
poration of networked silia using different orthosilicate as TEQS,
AFTEQS and MPTEDS as precursors via the sol-gel method into
PVA matrix is away to improve significantly the properties of the
used matrices [1-5] Using the sol-gel method, it is possible to
hybridize the organic and inorganic components homogeneously
which has an impact on the physicochemical and mechanical
properties of the hybrid materials [6].

Recently hydrogels as FWA have become attractive to the new
field of tissue engineering and regenemtive medicine as matrices
for mpairing and regenerating a wide wvariety of tissues and
organs |7]. In tssue engineering, PVA-based scaffolds have been
studied to substitute the current available artificial grafts. The
appearance and fieel of PVA hydrogel are similar to those of native
arterial tissue and this makes it very adequate for wvascular
implanting |89]. Due to its tissue-like elasticity and mechanical
strength PWA has been proposed as a promising biomaterial
suitable for tissue mimicking [10]. Surface modification of

*Comespanding author. Tel: - 359 8163 223
E=muail addrecs: rhryaskovaductmosdu (R Bryaskova)l
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hydrogels with different functional groups can lead to improve-
ment of some physico-chemical properties like time of gelation
and strength of hydrogels (thiol content) [11], or can alter cel
adhesion (SH-, OH-, NH- groups) [12,13]. Overall morphology of
adherent cells is a key characteristic to test a given polymer
material for its application in biotechnology and tissue engineer-
ing. Studying the cytoskeleton organization is most commaon way
to understand the adhesion behavior on polymer surface.

The aim of present work is to investigate the adhesive
behavior of 3T3 cell line onto newly developed PYA-based hybrid
materials in dependence on their functionality and surface
physico-chemical properties for application in tissue enginesring.

2 Materials and methods
21. Materials

Polyvinyl alcohol (FVA) (Sigma - Aldrich; 87-88% hydrolyzed,
Mwe=13,000-23,000 mol ="}, HMO; (Riedel de Haén, Standard
solution 2 malfL), Tetraethyl orthosilicate (Fluka), v-aminopro-
pyltriethoogyxilane and 3-mercaptopropyliriethoxysilane were
used as received without further purification.

22 Synthesis of PVA based hybrid materialk

221. Synthesis of PYA/TEODS and PYA/MPTEOS Rybrid matrix

PWA (5 g) was dissolved in 95 mlL deionized water while
heating for 20 min at 80°C. The silim sol was produced by
hydrolyzing partially TEQS and MPTEQS (093 mL) in addified
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Elastic multiblock copolymers for vascular
regeneration:; Protein adsorption and
hemocompatibility
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Abstract. Hemocompatibility of elastic multiblock copolymers PDC, based on poly(p-dioxanone) (PPDO)/poly(s-
caprolactone)-segments, capable of a shape-memory effect, and PDD, based on PPDO/poly((adipinate-aii-1,4-butanediol)-co-
(adipinate-alt-ethylene glycol)-co-adipinate-alt-diethylene glycol)-segments, was studied in order to assess their suitability for
an application aiming at blood vessels regeneration. The results were compared with polypropylene (PP) which is a widely used
blood-contacting material for devices as blood oxygenators and dialysis tubes. Protein adsorption studies showed diverse blood
plasma proteins in a relatively high amount on both elastic polymers compared to the poor amount of plasma proteins adsorbed on
PP. Study of the coagulation system revealed high thrombin formation on PDC and no difference in plasma kallikrein activation
between elastic multiblock copolymers and the reference PP. Activation of complement system was higher for PDC followed
by PDD and lower for PP. However, platelet adhesion and activation were hardly suppressed on the multiblock copolymers
compared to the PP surface, where the number of adhered platelets and the activation rate were significant. The present results
reveal that the tested multiblock copolymers with improved elastic properties and shape-memory capability (PDC) show low
thrombogenicity and are promising candidates for vascular tissue engineering.

Keywords: Hemocompatibility, degradable elastic polymer, protein adsorption, coagulation, thrombin formation,
platelet adhesion/activation, shape-memory polymer

1. Introduction

Cardiovascular diseases remain the leading cause of mortality in western nations. Despite significant
improvements and the broad adoption of minimally invasive treatments such as balloon angioplasty
and stenting, the therapeutic gold standard for patients with far advanced heart diseases is the coronary

*Corresponding author: Rumiana Tzoneva, Department “Electro-induced and adhesive properties”, Institute of Biophysics
and Biomedical Engineering, Bulgarian Academy of Sciences, Acad. G. Bonchev Street, bl. 21, 1113 Sofia, Bulgaria. Tel.: +359
2 979 3685; Fax: +359 2 872 37 87; E-mail: (zoneva@bio21.bas.bg.
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Herein we report on the synthesis and sensor activity of a novel pH sensitive probe designed as highly
water-soluble fluorescent micelles by grafting of 1,8-naphthalimide-rhodamine bichromophoric FRET
systemn (RNI) to the PMMA block of a well-defined amphiphilic diblock copolymer—poly(methyl methac-
rylate)-b-poly(methacrylic acid) (PMMA,s-b-PMAA,;). The RNI-PMMA5—b-PMAA,; adduct is capable of
self-assembling into micelles with a hydrophobic PMMA core, containing the anchored fluorescent probe,
and a hydrophilic shell composed of PMAA block. Novel fluorescent micelles are able to serve as a highly
sensitive pH probe in water and to internalize successfully HeLa and HEK cells. Furthermore, they showed
cell specificity and significantly higher photostability than that of a pure organic dye label such as
BODIPY. The valuable properties of the newly prepared fluorescent micelles indicate the high potential
of the probe for future biological and biomedical applications.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Determination of pH is one of the most important analytical
methods in the chemical laboratories and in the industry. The pH
is a key parameter in clinical analysis, food production, biotechno-
logical processes, waste water treatment procedures, environmen-
tal and life sciences.' ™ Intracellular pH plays a critical role in many
cellular events, including cell growth and apoptosis, ion transport
and homeostasis and enzymatic activity. Abnormal pH values are
associated with inappropriate cell function, growth, and division
and are observed in some common disease types such as cancer
and Alzheimer's. Hence the determination of pH has attracted
increasing interests.™"

Although the potentiometric pH sensor is well-established for
routine pH measurements, it possesses some limitations as
regarding miniaturized and disposable devices, work in a strong

* Corresponding author. Tel.: +359 2 8163206,
E-mail address: vibojin@uctm.edu (V.B. Bojinov).

0968-0896/(% - see front matter @ 2013 Elsevier Ltd. All rights reserved.
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electromagnetic field, high throughput screening, presence of
organic matter or selectivity in high pH media.”* Indeed, in some
applications, pH electrode is irreplaceable, but in a number of
researches and technological tasks fluorescence probes could be
an alternative to overcome the above mentioned limitations.
Currently a very intensive research on pH fluorescent chemosen-
sors is focusing on the synthesis of water-soluble fluorophores,
thatcan be miniaturized, are disposable or calibration-free sensors,
and are widening the dynamic pH range either by design of new
dyes or by combining different sensors in one fluorescence
probef"

A large number of organic dyes have been developed for bioi-
maging purposes to investigate the main processes at the tissue,
cellular and molecular level.”"*' Based on their chemical structure,
they can be divided into several classes such as cyanine, porphyrin,
squaraine, BODIPY, and xanthenes. The main disadvantages of
commonly used fluorescent organic dyes are their non-specific to
target tissue, instability and toxicity which limit further biomedi-
cal application because of potential carcinogenesis, low threshold
of photobleaching, and lack of functional groups for further
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Hybrid materials based on polyvinyl alcohol (PVA) and tetraethoxysilane (TEOS) with embedded silver
nanoparticles (AgNps) were prepared using sol-gel method. The hybrid materials with three different silver con-
centrations from 0.36 mg/mLto 1.8 mg/mL were characterized by TEM, SEM and TCA analyses. Physico-chemical
surface characterization of the materials was done by measuring the water contact angle of the materials and
AFM. The materials were tested as matrices for potential use in tissue engineering field. The cytotoxicity of the
materials and the cell adhesion (actin cytoskeleton) of 3T3 cells as a function of silver nanoparticles content
were studied. The synthesized PVA/TEQS/AgNps materials were proven to be efficient for use in tissue engineer-
ing applications since they exhibit low cytotoxicity and sufficient cell adhesion.

© 2013 Elsevier BV. All rights reserved.

1. Introduction

Silver has been used since many years due to its strong antimicrobial
properties. With the development of nanotechnology, the interest to-
wards silver nanoparticles (AgNps) as a biocidal agent is increasing
due to its higher antimicrobial properties towards Gram-positive and
Gram-negative bacteria [1-4] and low toxicity to humans compared to
other heavy metal ions such as chromium, manganese, cadmium etc.
[5,6]. Many authors have demonstrated the efficacy of using silver
nanoparticles for biomedical applications for instance for wound
healing [7,8] where silver nanoparticles promote wound healing
through their powerful antibacterial properties as well as their ability
to decrease inflammation [7,9]. However, there are arising evidences
that silver nanoparticles exhibit toxic effect to eukaryotic cells [10,11].
Therefore, it is important the preparation of appropriate for biomedical
application material possessing good antibacterial activity and low tox-
icity to eukaryotic cells. Polymer nanocomposites are advanced func-
tional materials composed of nanoparticles dispersed inside the
polymeric matrix [12,13], resulting in a hybrid material which combines
the suitable properties of both compounds [ 14]. They could be good ma-
terials of choice to solve the above problems with the cytotoxicity of Ag
nanoparticles. Among the numerous nanoparticles that have been used
as polymer functionalizing agent, silver nanoparticles represent the
most sought-after (nano)material. Nevertheless, numerous practical
applications of silver nanoparticles require their entrapment on various

* Corresponding author. Tel: 4359 8163 223,
E-mail address: rbryaskova@uctm.edu (R. Bryaskova).
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substrates and matrices. From this point of view, polymers are materials
of first choice because of their specific morphology, chemical and struc-
tural nature with long polymeric chains allowing incorporation and fine
dispersion of nanoparticles. Additionally, the suitable functional groups
of polymers can be used as targeted reactive sites for the controlled
one-step synthesis of nanoparticles [15]. In order to fully exploit
the properties of silver nanocomposites, they should be well
dispersed within the polymer matrix without the formation of large ag-
gregates, which otherwise dramatically could reduce the antimicrobial
effect of silver. For the same reason, the size of the nanoparticles should
be as small as possible with a narrow size distribution [16]. The Ag
nanoparticles are incorporated and stabilized in the polymer matrix
and is not supposed to be released. The advantages of those nanocom-
posite materials are that the microorganisms can be killed upon direct
contact without releasing Ag nanoparticles that might be toxic not
only to bacteria but also to mammalian cells [17,18].

Polyvinyl alcohol (PVA) is a good host material for metal, due to
its excellent thermostability, chemical resistance and hydrophilic
properties. This biodegradable and biocompatible synthetic polymer
has been widely used in different areas of the biomedical field due to
its excellent chemical and physical properties, easy processing tech-
nique and low cytotoxicity [19]. In our previous investigation [1], we
studied the antibacterial properties of PVA based AgNp hybrid mate-
rials against etalon strains of three different groups of bacteria—
Staphylococcus aureus (Gram-positive bacteria), Escherichia coli
(Gram-negative bacteria) and Pseudomonas aeruginosa ( non-ferment
Gram-negative bacteria), which are commonly found in hospital envi-
ronment. The hybrid materials showed a strong bactericidal effect
against the above bacterial strains.

Please cite this article as: R. Bryaskova, et al., Surf. Coat. Technol. (2013), http://dx.doi.org/10.1016/j.surfcoat.2013.07.032
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Tissue engineering principles suggest the formation of 3D scaffolds based on polymer fibers and
adhesive proteins. These scaffolds aim to mimic the native extracellular matrix and thus providing a
favorable environment for cell attachment and proliferation. The application of an electric field (EF)
can influence the quantity and the spatial orientation/conformation of adsorbed proteins, which
could lead to changes in their functions. We study the influence of alternating current (AC) EF on
the adsorption of fibronectin onto poly(etherimide) (PEI) electrospun fiber materials in 3D structures
and subsequent cell adhesion. The results are compared with 2D PEI material and glass surface.
3D scaffolds adsorbed a lower amount of fibronectin than 2D film or glass. Application of AC EF
with a frequency of 1 Hz decreased the adsorption of fibronectin. Cell adhesion on 3D materials
was reduced compared with 2D film and glass. The application of EF with frequencies between

1 and 10 Hz improved cell adhesion on both 2D and 3D materials.

I. INTRODUCTION

Cell adhesion to biomaterials is a desirable process in
many tissue engineering applications to regenerate non-
functional or damaged tissues or organs."* The application
of tissue engineering principles in regenerative medicine
znables the formation of 3D scaffolds based on polymer
fiber materials similar to the structure of native extracellular
matrix (ECM). Since the scaffold acts as an artificial ECM,
it should mimic certain functions of natural ECM to facil-
itate cell adhesion, proliferation, differentiation, and forma-
tion of functional tissue.®> A high surface-to-volume ratio
and porosity of the fibrous scaffold are thought to enhance
adhesion and colonization of cells within the matrix and
support an efficient exchange of nutrients and products of
metabolism within the matrix and with the environment. >
Material design of scaffolds is one of the key technologies

*'Address all correspondence to this author.
e-mail: tzoneva@bio21.bas.bg
DOL: 10.1557/jmr.2013.193

2180 0 sousradoMater. Res., Vol. 28, No. 16, Aug 28, 2013
http//journals cambridge org Downloaded: 08 Sep 2013

for tissue engineering in terms of chemical composition
and physical structure. Poly(etherimide) (PEI) has become a
good candidate for wide range of biomaterial applications
especially for extra corporeal systems such as oxygen-
ators. ! The investigations on its biocompatibility have
shown that polyimides do not exert any significant level of
cytotoxicity or hemolysis and allow the attachment and
growth of cells.'>'* PEI also possesses considerable me-
chanical strength and thermal stability,'® which makes PEI
suitable for steam sterilization. Furthermore, PEI has very
good membrane-forming properties'® and can be chemi-
cally functionalized to modify surface properties or to link
bioactive molecules. In this way, the resulting polymer
material easily can be adapted to a specific application such
as contact with blood or tissue cells,'>!7

Electrospinning is a well-established process, by which
ultrafine fibers at the very upper limit of the fiber diameter
range of natural ECM (upper nanometer to lower microm-
eter range) are produced using electrically charged droplets
of melt polymer or their solution.'® One promising ap-
proach to mimic the structure of native ECM and to support

© Materials Research Society 2013
IP address: 46.223 20.149
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ABSTRACT

Cell adhesion plays a key role in tumor progression and itz conmrel conld diminizh the umor metastases. The action gff eryfosine
on cell survival, reorganizaimon af ytoskeleton, mnd apeptosiz was analyzed in breast cancer and mammary epithelial cells.
Breast cancer cell lines MD.A-WB-23] and MCF-7 az well as the non-tumorigenic ling MCF-104 were treared with eryfosine
(¥ pmolL to 15 pmol:L). MTS rest, FACS analysis, actim, mbulin and D4 PT stainimg wene parformed. For MDA-MB-23 1 eryfosine
provoked apoptosis and actin reorganization, while MCF-7 and MCF-104 were lezs sensitive fo the action of eryfosme. The
organizaimon qf micretubules was not qffecied by eryfosine mearment. The oytotoxic action af eryfosing on the investigated cells
was cell-specific. The kighly mvasive MIDA-MB-231 cell ling was found fo be most sensitive, since 15 pmol/L eryfosing caused

actin cytoskeleton reorganization and apapiosis.

Biotechnol. & Biotechnol. Eq. 2013, 27(2), 3693-3689
Eeywords: emfosine, breast cancer cells, cytoskeletomn,
apaptosis

Introduction

The alkylphosphocholines (APC) are a new group of andmmaor
agents, which show cytotoric actvity against different tamor cell
lines fn wie and anuneoplastic activity @ vive (1, 12). Unlike
standard chemotherapy and imadistion, which work on the
DA level, APC are membrane-operating agents which inhibit
protein kinase C snd modualate the signal mansduction patdmays
originating from the membrane (5). They induce apoptosis in
many tumor models (7, 11) and selectively damage lenkemic cells
without affecting (by the same concentration) the nonmal cells
of the bone marmow (10). Fecently, a new alkylphosphocholine
mmalog  was  obtained,  called  emcylpbospho-M, M,
K-trimethylpropylammonivm (ErPC, erafosine). This is the first
injected agent which loses its hemolyfic properties and shows
increased therapentc ratio i vive (2) The drug can even stnmlate
the production of hematopoietic progenitor cells (6, 15 Cell
adhesion i3 & fimdamental process, which, in non-mmorigenic
cells, plays & crucial role in the cell growth and sorvival becanse
it sustains the organization of tissues and organs. For mmorigenic
cells the presence of adhesion contacts is not a requirement for
cell growth and survival (4). The changes in the cells’ adhesion
behavior determine their modified morpholegy and miFmton
behaviors which affect the cells’s invasive propertdes during
all the stages of mmorigenesiz. Thus, the manipuladon of cell
adhesivensss is an important prerequisite for the conmol of
cancer cell zrowth and invasion The cytoskeleton plays a coacial
role for the manifestation of cell adhesiveness. Actn filaments,
filopodia and lamelipodia ensure the cell adhesion, spreading
BIOTECHNOL. & BIOTECHNOL. EQ. 27/20132

and movement of cells, since micrombules are imvolved in imner
cell rafficking and the mamtenance of cell shape and polarity.
To our knowledge, untl now there are no data shout the effect of
alkylphosphocholines on the cytoskeleton of the adherent cells.
The goal of this smdy was to monitor the effect of emufosine
on the cell adbesion and survival, the cause of cell death and
recrganization of the cytoskeleton of tumer and non-numorigenic
cells.

Materials and Methods

Erufosine was synthesized in the Max Planck Instimite for
Biophysical Chemistry, Gomingen, Germany, snd was most
eraciously provided by Prof. M. Berger. It was dissolved in
PBS (phosphate buffer saline) pH 7.4 and ethanol at a vohone
(1:1, ww) and was stored at 4 °C.

Cell lines and cultivation conditions

Two breast tumor cell lines were unsed: MDA-MB-231 and
MCF-T7 (ATCC), and 2 non-tumorigenic cell line MCF-104
(ATCC). The cultivation conditions were described previonsly
(13). Cell suspension with a density of 1.5=10° cells'mL. was
plated directy on the bottom of 24-well cultivation plates or on
slides (18 mm=18 mm Deckglaser) placed on §-well plates.
The cells were incubated for 24 hat 37 *C and 5 % CO_.

Treatment with ernfosine

After 24 h incubation the cells were treated with 5 pmolT.,
10 pmolLl and 15 pmolL solution of emafosine and were
additionally incubated for 2, 24hor 720

Actin staining

After 24 b incubation with emufosine, the cells were stained

for actin with BODIPY 558/568 Phaloidin (Inwitrogen) as
605
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were obtained by selective hydrolysis of well-defined poly( vinyl acetate }-b-poly(acrylonitrile) (PVAc-b-PAN)
copolymer. The preparation of the novel fluorescence micelles consisting of PVA hydrophilic shell and PAN hy-
drophobic core with incorporated PDI fluorophores has been confirmed by DLS and TEM analysis. The cytotoxic-
ity of the water-soluble fluorophores and their internalization into living cells depending on the micellar
concentration have been tested. It was shown that they could successfully enter in living cells without destroying.
their morphology. The results obtained indicate that the novel water-soluble fluorescent micelles with e mbed-
ded PDI fluorophores would be suitable for potential intracellular biomedical applications.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Perylene-3,4,9,10-tetracarboxylic diimides (PDI) have attracted an
increasing interest during the past decades, and this can be traced
back to their appealing properties, e.g., high electron affinity, large elec-
tron mobility, excellent thermal and oxidative stability, high molar ab-
sorptivity and quantum yield of fluorescence [1]. They are easy of
synthetic modification [2] and widely used n-type materials for organic
electronic devices such as solar cells [3-5], field-effect transistors [6-8],
light-emitting diodes [9-11]. They have been also used in liquid crystals
[12,13], as chemosensing materials [14-16] and dyes in photodynamic
therapy [17]. Due to their unique properties PDI chromophores could
be successfully applied in biological environment as high-performance
fluorescent labels. The serious drawback of most of the synthetic dyes
for their processing and material science applications is their low

* Corresponding author at: Department of Organic Synthesis, University of Chemical
Tec hnology and Metallurgy, 8 Kliment Ohridsky Str. 1756 Sofia, Bulgaria.
E-mai address: vibojin@uctm.edu (V.B. Bojinov),

http://dx.doi.org/10.1016/.msec.20 15.02.035
(1928-4931/ 2015 Hsevier BV. All rights reserved.

solubility in the common solvents and aqueous media [18,19]. Usually
the solubility can be improved with the long-tail or swallow-tail confor-
mation that is obtained by long alkyl substitutions in N-position of the
dye [20-22]. For a biological application, the water solubility of PDI
chromophores is essential. Different water-soluble PDI chromophores
possessing hydrophilizing substituent as a sulfonic acid part [23],
quaternized amine groups [24], polyethylene glycol attached to the
chromophore [25] have been reported. In many cases, no fluorescence
in water for these perylene chromophores has been detected. The
inserting of polar side chains on the perylene bay-area is another way
to enhance the water solubility of the PDIs and to reduce the amount
of their self-aggregation [26,27] followed by encapsulation within den-
dritic shell thus preventing the possible intermolecular interaction [26].
Therefore, the choice of an appropriate synthetic strategy where the
fluorescence properties of water soluble PDI chromophores will be
retained and the self-aggregation will be reduced is of crucial impor-
tance. However, the synthetic approaches for preparation of such
water soluble chromophores are often hard and multistep time con-
Suming processes.
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Modification of Rapana thomasiana hemocyanin
with choline amino acid salts significantly enhances
its antiproliferative activity against MCF-7 human
breast cancer cellst
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This is the first study on the interactions of ionic liquids with large metalloproteins, in particular
hemocyanins (Hcs). At first, complexes of a Hc from Rapana thomasiana (RiH) with a series of
biocompatible choline amino acid salts [Choll[AA] were obtained. Applying UV-vis spectroscopy, Fourier-
transformed infrared spectroscopy and differential scanning calorimetry the effect of these organic salts
on the structure and thermal stability of RtH was assessed. Then, the cytotoxic effect of RtH-[Choll[AA]
on breast cancer cells (MCF-7) and 3T3 fibroblast cells (non cancerous) was evaluated. We found that all
[Choll[AA] induced clear time- and concentration-dependent alterations in the RtH conformation. The
conformation and the thermal stability of IL-modified RtH depend strongly on the type of the anion of
the tested compounds. All [Chol][AA)-medified RtHs exhibited lower themal stability than the native RtH.
At the same time, we established a good correlation between the structure of RtH and its antitumor
activity. Namely, RtH-[Choll[AA] complexes exhibited enhanced antipreliferative activity toward the
MCF-7 cell line. The observed antiproliferative effect was cell specific and the compounds have no effect

www.rsc.org/advances

1. Introduction

Hemocyanins (Hes) are respiratory type-3 copper proteins found
in the hemolymph of molluses and arthropods. Molecules of
molluscan Hes are structured as decamers (cephalopods) or
didecamers (gastropods) of subunits, all comprising of eight
functional units (FUs). Each FU contains a binuclear copper
active site, complexed with six histidine residues, and capable
to bind dioxygen reversibly." Hes are known for their remark-
able immunostimulating and immunomodulating properties
and some of them are successfully used in oncotherapy and
have potential as vaccine adjuvants.*™ The functionality of these
respiratory proteins can be altered by modification of their
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or in some cases have stimulatory effect on fibroblasts.

structure and conformation. For example, it has been found
that the modification of the He form limpet Fissurella lat-
imarginata with sodium periodate enhanced its immunoge-
nicity,” and He from scorpion Pandinus imperator acquired a
phenoloxidase activity after treatment with sodium dodecyl
sulfate.” In addition, it has been reported that treatment ofa He
from Rapana thomasiana (RtH) with detergents, resulted in a
limited proteolysis or lyophilization induced change in the
protein conformation and enhanced enzyme activity.®

As can be seen, depending on the environment and the
conditions, Hes due to their complex structure can be involved
in various chemical and biochemical reactions e.g. oxygen
transportation, induction of immune response, development of
biosensors, wound healing processes, etc. Not only the primary
structure and carbohydrate composition but also the correct
folding of the whole protein is indispensible factor responsible
for its activity. It is noteworthy to be mentioned that, except the
effect of SDS, the effect of other organic salts on the secondary
structure and the biological activity of Hes, particularly cell
proliferation, have not been estimated yet.

Potentially good effectors for hemocyanin modification
could be ionic liquids (ILs). They are molten salts comprising of
an organic cation and an organic or an inorganic anion and
characterize with melting points below 100 °C, low vapour

RSC Adv., 2015, 5 63345-63354 | 63345
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Abstract

Cell proliferation and metastasis are considered hallmarks of tumor progression. There-
fore, efforts have been made to develop novel anticancer drugs that inhibit both the
proliferation and the motility of tumor cells. Synthetic antitumor lipids (ATLs), which
are chemically divided into two main classes, comprise (i) alkylphospholipids (APLs)
and (i) alkylphosphocholines (APCs). They represent a new entity of drugs with distinct
antiproliferative properties in tumor cells. These compounds do not interfere with the

Advances in Protein Chemistry and Structural Biology, Volume 101 © 2015 Elsevier Inc. 27
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Abstract. Angiogenesis is one of the key processes during development, wound healing and tumor formation. Prerequisite for
its existence is the presence of endogenous electrical fields (EFs) generated by active ion transport across polarized epithelia
and endothelia, and appearance of the transcellular potentials. During angiogenesis cellular factor as endothelial growth
factor (WVEGF), synthesis of adhesive proteins and membrane metalloproteinases (MMPs) govern the angiogenic response
to different external stimuli as biomaterials interactions and/or exogenous EF. Gelatin-based hydrogels with elasticities
comparable to human tissues have shown to influence cell behavior as well as cell attachment, protein synthesis, VEGF
and MMP’s production after the application of EF. Gelatin-based matrices with 3 (G10_LNCO3), 5 (G10_LNCO3), and 8
(G10_LNCOS) fold excess of isocyanate groups per mol of amine groups present in gelatin were used. Human umbilical
endothelial cells (HUVEC) (Lonza Basel, Switzerland) and highly invasive breast cancer MDA-MB-231 cells (ATCC®HTB-
26™) were used. For an estimation of the amount of VEGF released from cells a commercially available VEGF ELISA
(Thermo Fisher Scientific, Germany) kit was used. Fibronectin (FN) enzyme immunoassay (EIA) was used to analyze the
secreted amount of FN by cells seeded on the materials. Secreted MMPs were analyzed by zymography. Gelatin-based
hydrogels attracted HUVEC adhesion and diminished the adhesion of MDA-MB-231 cells. The applied direct current (DC)
EF induced an almost 5—fold increase in VEGF production by HUVEC seeded on gelatin-based hydrogels, while in contrast,
the applied EF decreased the production of VEGF by cancer cells. FN synthesis was elevated in HUVEC cells seeded on
gelatin-based materials in comparison to FN synthesis by cancer cells. HUVEC seeded on gelatin hydrogels showed an
expression mainly of MMP-2. The application of EF increased the production of MMP-2 in HUVEC seeded on gelatin
materials. In contrast, for MDA-MB-231 the production of MMPs on gelatin materials was lower compared to control
materials. With the application of EF the levels of MMP-9 decreased but MMP-2 expression raised significantly for gelatin
materials. Overall, the results showed that studied gelatin materials suppressed attachment of cancerous cells, as well as
suppressed their anglogenic potential revealed by decreased VEGF and MMP production. Thus, this study approved gelatin-
based hydrogels with proper elasticity characteristics and different degradation behavior as useful matrices for use in vascular
tissue regeneration or in restriction of tumor growth after tumor resection.

Keywords: Angiogenesis, gelatin hydrogels, VEGF production, FN synthesis, MMPs expression
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Novel electrically conducting 2-hydroxyethylcellulose/polyaniline (HEC/PANI) nanocomposite cryogels
were fabricated via the combination of cryogenic treatment and photochemical crosslinking. PANI
nanofillers (one-dimentional tubes and three-dimentional particles) were synthesized via oxidative poly-
merization of aniline in aqueous media and, then, embedded in the HEC matrix. The effect of PANI content
and morphology on the gel fraction yield and electrical conductivity of material was studied. Nanocom-
posite cryogels of high gel fraction yield (65-95%) and rather high electrical conductivity (0.02-0.15/m)
‘were obtained by using a relatively small amount (0.5-3wt.% to HEC) of pre-formed PANI nanofillers.
The behavior of L929 cells adhered on HEC/PANI cryogels in the presence of electric field were also
investigated. Cytotoxicity test showed very good survival and proliferation of cells on cryogels, while
the electrical stimulation triggered changes in cell morphology as well as a specific alignment of cells in
parallel to the electrical field.

Cell viability
Cell rearrangement

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Presently, the research focused on novel biomaterials is boom-
ing worldwide with the general belief that their applications in
medical devices will form one of the greatest area of expansion
over the next decade (Schoen & Lemons, 2013). Various natu-
ral and synthetic biocompatible polymers have been widely used
in biomedical applications, including surgical sutures, bone fixa-
tion devices, vascular grafts, artificial skin, drug delivery systems,
gene delivery systems, diagnostic applications, etc. (Seal, Otero, &
Panitch, 2001; Kumari, Yadav, & Yadav, 2010; Tian, Tang, Zhuang,
Chen, & Jing, 2012; Kabanov, Batrakova, & Alakhov, 2002). In par-
ticular, degradable materials from synthetic polyesters such as
poly(i-lactic acid) (PLLA), poly(e-caprolactone) (PCL) and poly(L-
glycolic acid) (PLGA), and/or natural biological polymers such
as alginate, chitosan, collagen, and fibrin have intensively been
exploited as tissue engineering scaffold, providing mechanical sup-
port, shape, and cell-scale architecture for neo-tissue construction
in vitro or in vivo (Furth, Atala, & Van Dyk, 2007). Biopolymer scaf-
folds combine several functions including biocompatibility with

* Corresponding author. Tel.: +359 2 9796335; fax: +359 2 8700309.
E-mail address: ppetrovi@polymer.bas.bg (P. Petrov).
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0144-8617/© 2015 Elsevier Ltd. All rights reserved.

the host tissue, controlled biodegradability with non-toxic degra-
dation products, adequate porosity for the transportation of small
molecules, optimal mechanical strength and controllability during
cell growth, implantation and sterilization.

Electrical stimulation (ES) has been employed as a very effi-
cient approach to regulate cellular functions. Endogenous electrical
field (EF) plays an integral role in maintaining normal biological
functions such as signalling in the nervous system, muscle contrac-
tion, and wound healing (McCaig, Rajnicek, Song, & Zhao, 2005;
Tzoneva, 2014; Guimard, Gomez, & Schmidt, 2007). Application
of exogenous EF in clinical settings has been used as an alter-
native treatment to promote wound healing of skin and corneal
epithelium (Ojingwa & Isseroff, 2003), to reduce chronic pain in
arthritis and headaches (Rushton, 2002), to treat diseases such as
Parkinson (Loher et al., 2002), and to enhance nerve regeneration
(Sisken, Walker, & Orgel, 1993).In addition, some of us have demon-
strated that the application of alternative EF improves the adhesion
of fibroblasts on 3D poly(etherimide) electrospun fiber materials
(Pehlivanova et al., 2013).

In the last two decades, the class of conducting polymers
(CP) has been studied for many biomedical applications (Cuimard
et al., 2007). CP possess electrical and optical properties similar
to those of metals and inorganic semiconductors and can be eas-
ily synthesized and processed. These unique characteristics make
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This is the first study on the surface modification of a hemocyanin from marine snail Rapana thomasiana
(RtH) with series of imidazolium-based amino acid ionic liquids [emim][AA]. We monitored the induced
by [emim][AA] conformational changes in RtH molecule and evaluated the effect of these ionic liquids
(ILs) on the protein thermal stability. The cytotoxicity of all obtained RtH-[emim][AA] complexes was
assessed toward breast cancer cells (MCF-7) and murine fibroblasts (3T3).

As a whole, even small amounts of the tested ILs altered the secondary structure of RtH. The ther-
mal denaturation of RtH in presence of [emim][AA] displayed multi-component transitions, which were
shifted toward lower temperatures in comparison to those estimated for the native RtH. The profiles of
the RtH-IL calorimetric curves show a clear dependence on the structure of the added salts. In addition,
all RtH-[emim ][AA] complexes exhibited an enhanced antiprofilerative activity of toward MCF-7 cells in
comparison to that of the native RtH. The best results are observed for RtH-[emim][Leu], RtH-[emim][Trp]
or RtH-[emim][lle], which applied in concentration of 700 pg/mL inhibited the MCF-7 cell viability (for
24 h) by 66,63 and 53%, respectively. In addition, these IL-RtH complexes were less cytotoxic to 3T3 cells,

i.e. they exhibited some cell specificity.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

lonic liquids (ILs) are molten salts comprising of an organic
cation and an organic or an inorganic anion. They are consid-
ered as environmentally friendly media due to their low melting
points (<100+=C), low vapor pressures, non flammability, thermal
and chemical stabilities, controlled miscibility with organic sol-
vents and water, etc. [1,2]. It is noteworthy to be mentioned that,
being highly polar yet noncoordinating solvents, ILs are able to dis-
solve wide range of inorganic and organic materials, which makes
them suitable media for synthetic organic and biocatalytic reac-
tions and extraction solvents for biopolymers, secondary plant
metabolites and/or synthetic products in separation technologies
[3-6]. By altering the structure of either the cation or the anion
of ILs, a directed “tuning” of their physicochemical properties
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can be achieved, which makes ILs applicable in many other fields
beside synthesis and catalysis. For example, some ILs are indus-
trially applied as electrolytes for batteries, engineering fluids
(hydraulic, cleaning and cooling liquids), liquid supports for stor-
age of gases, etc. [6]. In recent years, an increasing attention
has been paid to the biomedical application of ILs. For example,
there are reports on the synthesis of pharmaceutically active ILs
with improved solubility, bioavailability and pharmaceokinetics and
increased anti-bacterial, anti-inflammatory and anti-allergic prop-
erties in comparison to their conventional counterparts [7,8]. In
addition, it has been shown that numerous pure ILs are potent anti-
microbial and anti-cancer agents [9,10]. In last decade, with the fast
development of biotechnological drugs (mono-and bifunctional
antibodies, fusion and plasmaderived proteins, growth factors, vac-
cines, etc.), a special attention has been paid to the methods for
their stabilization. lonic liquids have potential to be a good alter-
native to conventional protein stabilizers ( polyols, carbohydrates,
surfactants, salts, etc.) [11]. For example, Kumar and Venkatesu
have observed that some short-chain alkyl imidazolium-based and
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Abstract: Hybrid materials based on tetraethyl orthosilicate (TEOS), hydroxypropyl cellulose (HPC), or hydroxypropyl methyl cellulose
(HPMC) with silver nanoparticles were synthesized. They were analyzed and characterized using differential thermal analysis and
thermogravimetry, atomic force microscopy, and static contact angle measurements. It was experimentally demonstrated that the silver-
doped hybrid materials have pronounced antibacterial behavior by studying the reduction of Pseudomonas aeruginosa PAO1 biofilm
formation on the tested materials. The results revealed biofilm reduction of 35.7% and 30% by SiO /HPC/2.5% Ag and 5i0_/HPMC/2.5%
Ag hybrid materials, respectively, compared to the control. Cytotoxicity of examined materials and actin cytoskeleton organization of
fibroblasts seeded on the materials was studied as a function of material properties as the type of surface functional groups and silver
content. The obtained hybrid materials with low silver content proved efficient in tissue engineering applications since they showed

good antibacterial and noncytotoxic properties for eukaryotic cells.

Key words: Silver nanoparticles, silica hybrid materials, antibacterial activity, cytotoxicity, cell adhesion, tissue engineering

1. Introduction

Bacterial infections of wounds are huge health problems
and are due to the adhesion of pathogenic bacteria,
which form biefilms. Microorganisms in such biofilms
possess competitive advantages such as high resistance
to antibiotics. Currently, different polymer dressings
impregnated with silver nanoparticles (AgNPs) are
being established as promising antibiofilm reducing
agents (Campoccia et al., 2013; Velazquez-Velazquez et
al., 2015). Silver-containing materials are widely used as
antimicrobial agents for different biomedical applications
like wound-healing devices (Ip et al., 2006; Tian et al,
2007), catheters (Hachem et al., 2003), dental materials
(Hernandez-Sierra et al., 2008), and stents (Multanen et
al., 2000) due to their ability to kill a broad spectrum of
bacteria (Grunlan et al., 2005; Rhim et al 2006; Asharani
et al., 2009; Jones and Hoek, 2010; Sintubin et al., 2011).
Due to their small size, AgNPs have rapid diffusion,
high specific surface area, and size similar to that of
biomacromolecules. Silver species release Ag+ ions and
they interact with the thiol groups in bacteria proteins

* Correspondence: nelly.georgieva@yahoo.com

affecting the replication of DNA and also collapse the
proton-motive force across the cytoplasmic membrane
(Lee et al., 2009). It is suggested that antibacterial activity
can also occur through direct physical contact between
the nanoparticles and bacterial cells, causing structural
damage to their cell walls. Silver ions have been reported
to interact with cytoplasmic components and nucleic
acid to inhibit respiratory chain enzymes and to interfere
with membrane permeability (Holt and Bard, 2005). The
antibacterial activity depends on the silver ions, which bind
strongly to electron donor groups on biological molecules
containing sulfur, oxygen, phosphorus, or nitrogen atoms.
As a result, it has been observed that bacterial death is
due to the loss of the transport function of the bacterial
cell membrane or DNA damage (Castanon et al., 2008).
AgNPs have been immobilized on different organic-
inorganic porous hosts (Tatar et al, 2007; Rivero et al.,
2011). The researchers suggest that the important aspect
of the hybrid matrix is that both organic and inorganic
materials should not show any phase separation in order
to get maximum homogeneity (Yano et al., 1998). In
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Abstract: The partial efficacy and high toxicity of the current anticancer chemotherapeutics as
well as the development of nmitiple drug resistance are the major problems in cancer therapy.
Therefore. there is an emergency need for the development of novel well-tolerated anticancer
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agents with different mode of action that could be successfully used in combination with other
drugs as an adjuvant therapy. The inhibition of intracellular signaling pathways associated with
cancer growth and invasiveness is a main therapeutic approach in cancer treatment. It is well
known that lipid metabolism is involved in the regulation of key cellular processes such as
proliferation, differentiation and apoptosis. Statins and alkylphospholipids are both relatively
new synthetic agents with considerable anticancer properties that disturb lipid metabolism and
subsequently modulate proliferation and cell survival signaling pathways, leading to apoptosis.
55 Numerous i vifre and in vivo studies have shown promising results for the use of statins and
alkylphospholipids as potential therapeutic agents in the freatment of wvarious human

s

Rumiana Tzoneva

malignancies. However, more investigations and clinical trials are needed to assess their optimal safe dose and
maximal efficacy and better understand the molecular mechanisms underlying the antitimor effects of these drugs.

Keywords: Statins, alkylphospholipids, lipid metabolism, mtracellular signaling, antitumor potential.

INTRODUCTION

The development of novel target drugs with better efficacy and
high selectivity which can be applied alone or in combination with
conventional therapy 1s of utmost importance to improve the current
cancer treatments and to overcome multiple drug resistance (MDR).
Statins and alkylphospholipids (APLs) are both target-directed
agents mterfering with lipid metabolism which appear very
attractive drug candidates for the treatment of human hematological
malignancies and solid tumors. Statins and alkylphospholipids
constitute two different classes of drugs that have recently been
shown to be highly effective for the treatment of a wide vanety of
tumor types. Statins. on first place. are drugs that decrease plasma
cholesterol levels by an inhibition of HMG-CoA reductase and are
the most effective medications for the treatment of hyper-
cholesterolemia and reducing the risk of coronary heart disease
[1.2]. APLs are synthetic lipids that initially were synthesized in the
search for novel effective immune modulators and also have been
shown to be efficacious for treatment of protozoan mfections [3.4].
In the last few years the interest in statins and APLs has
significantly increased due to the substantial evidence of their anti-
proliferative, pro-apoptotic and anti-invasive properties to cancer
cells, combined with a relatively low toxicity to normal cells and
tissues [1,5] Many reports have indicated that these drugs
selectively induce apoptosis in tumor cells and simultaneously
exhibit nolor show slight cytotoxic effect in normal cells [6-11].
The exact molecular mechanism by which these two classes of
drugs elicit their antitumor activity still remains unclear. It has been
suggested that statins and APLs’ mode of actions are pnimanly
related to their mnteraction with cell membranes [12]. Both agents

*Address correspondence to this author at the Institute of Biophysics and
Biomedical Engineering, Bulgarian Academy of Sciences. P.O. Box: 1113,
Sofia, Bulgaria; Tel/Fax: ++359-2079-3242, ++359-28723787;
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share a similar mechanism of action, disturbing functions of cell
membranes and their components m a different way and
subsequently affect signal transduction pathways. Statins interfere
with the mevalonate pathway, an important biosynthetic process
within lipid metabolism that 1s responsible for cholesterol synthesis
[13]. whereas alkylphospholipids affect mainly the synthesis of
natural phospholipids. particularly phosphatidylcholine [3]. Recent
studies have shown that alkylphospholipids affect not only the
synthesis of phosphatidylcholine but also the synthesis and cell
transport of cholesterol and synthesis sphingomyelin [14. 153].
Lipid metabolism plays a major role in the regulation of numerous
cellular processes, including cell growth, proliferation, differentiation
and motility [13]. Hence, the changes in lipid metabolism mitiated
by both types of drugs lead to inhibition of mtracellular proliferative
and survival signaling pathways and mduction of apoptosis. It has
been shown that statins as well as alkylphospholipids mamly
suppress the both anti-apoptotic Ras’'RafMEK/ERK and PI3K/Akt/
mTOR pathways [16-19].

This review focuses mamly on the mechanism of action and
anticancer effects of statins and alkylphospholipids against different
tumor types from recent in vitro and in vivo studies, and clinical
data.

Structure and Function of Cell Mlembranes

Cell membranes consist of various lipid species with different
chemical properties including mono-, di- and tnglycendes, fatty
acids, glycerophospolipids, sphingolipids, sterol lipids and other
compounds [20,21]. Lipids are structurally diverse water insoluble
molecules that mamntain cellular structure, provide energy and
are involved in multiple cell signaling pathways [21.22]
Glycerophospholipids, sphingolipids and sterol lipids are the major
structural components of eukaryotic membranes [21]. Plasma
membrane lipids are asymmetncally distributed between the two
membrane monolayers. The internal membrane leaflet 1s mamly

© 2016 Bentham Science Publishers
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Abstract Gold-loaded micelles were prepared using triblock
copolymers based on poly (ethylene glycol) and poly (4-vinyl
pyridine) (P4VP-b-PEG-b-P4VP) obtained via atom transfer
radical polymerization (ATRP). This was achieved using novel
dichloro-terminated PEG as a macroinitiator. Further, ATRP
was performed using 4-VP as a second forming block in the
presence of CuCIV/PMDETA as a catalyst system. The success-
ful formation of PAVP-b-PEG-b-P4VP block copolymers was
proved by FT-IR and '"H NMR with the presence of all charac-
teristic signals arising from PEG and 4-VP units. The self-
assembling behavior of thus prepared block copolymer in an
aqueous media was investigated. Further, gold nanoparticles
were embedded into the P4VP core of the micelles. Cell viabil-
ity of the gold-loaded micelles was proven by MTT test as they
showed no cytotoxicity on cancerous and non-cancerous cells.

Keywords Block copolymers - Micelles - Gold
nanoparticles - Cell viability

Introduction

The design and synthesis of nanostructured materials is one of
the most attractive fields in the polymer science due to their
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potential applications in biomedicine, catalysis, optics, and so
on [1-8]. Among them, great attention has been paid to poly-
meric micelles which can be used as nanoreactors for drug and
gene delivery, metal, and semiconducting nanoparticles.
Polymeric micelles are colloidal nanoparticles having an inner
core and outer corona, which differs in polarity, and possess
unique properties. They can be easily formed by self-assembly
of amphiphilic polymers which can be obtained by controlled
radical polymerization (CRP). This is a method which allows
the synthesis of wide range of well-defined copolymers with
controlled molecular weight and narrow molecular weight dis-
tribution. In general, CRP can be achieved by three main
methods: nitroxide-mediated polymerization (NMP), atom
transfer radical polymerization (ATRP) and reversible
addition-fragmentation chain transfer polymerization (RAFT)
[9, 10].

Micelles for drug delivery can be used in many ways as one
of them is to attach targeting ligands which specifically rec-
ognize and bind to receptors overexpressed in tumor cells.
One of the exiting characteristic of polymeric micelles is their
affinity toward metal nanoparticles. Much attention has been
focused on core-shell metal nanoparticles based on gold, plat-
inum, and quantum dots, because their properties differ sig-
nificantly from their bulk state [11, 12]. In this regard, gold
nanoparticles are well known with their optical properties
originating from plasmons (surface plasmon resonance
(SPR))}—collective oscillations of highly mobile electrons res-
ident in the metal at optical frequencies [13]. Gold nanoparti-
cles have been used in catalysis, biological markers, display
devices, DNA sensors, surface-enhanced Raman scattering,
and cancer diagnostic and therapy 14, 15]. Attention has been
paid to their possible application for photo-thermal therapy
due to their strong and tunable linear absomption in the near-
infrared (NIR) region where tissue penetration can be maxi-
mized. The biosafety of gold-based nanoparticles is currently

@ Springer
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PVA-BASED HYBRID MATERIALS FOR IMMOBILIZATION
OF TRICHOSPORON CUTANEUM R57 EFFICIENT
IN REMOVAL OF CHROMIUM IONS

Nelly Georgieva, Rayna Bryaskova, Nevena Lazarova,
Dimitar Peshev, Rumiana Tzoneva™

(Submitted by Corresponding Member A. Kossev on July 19, 2012)

Abstract

New hybrid materials based on polyvinyl alcohol (PVA) and y-aminopro-
pyltriethoxyxilane (APTEOS), 3-mercaptopropyltriethoxysilane (MPTEOS)
and tetraethoxysilane (TEOS) were prepared. To determine the thermal stabil-
ity of the hybrid materials, thermogravimetric analysis (TGA) was performed.
The new materials were tested for biofilm formation and biosorption studies.
They were tested as matrices for immobilization of Trichosporon cutaneum R5T
capable to remove Cr(VI) from aqueous solutions. The use of APTEOS and
MPTEOS as precursors, incorporated new NH- and SH- bonds, which en-
sured additional binding places for cells immobilization. The presence of SH-
and NH- groups in the hybrid matrices resulted in apparently higher Cr(VI)
sorption capacity of the immobilized Tr. cutaneum R5T cells due to the incor-
poration of additional adsorption sites in the matrix through the PVA func-
tionalities. The synthesized PVA/APTEOS materials proved efficient for use
in biosorption applications.

Key words: polyvinyl alcohol, silica, Trichosporon cutaneum R57, chro-
mium

1. Introduction. The chromium emissions and its high toxicity are major
concerns in the development of new environmentally safety technologies. The
search for new and innovative technology for the remediation of Cr(VI) pollution

The present work is funded by Project No DDVU 02-96/2010, Project DO 02/178 and DO
02-326 from the Bulgarian National Science Fund and partially by the European Social Fund
(BG051PO001-3.3.04 /42).
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OF CMC/SiO2/AgNps HYBRID MATERIALS AGAINST
SACCHAROMYCES CEREVISIAE 537
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Abstract

The paper focused on preparation of antimicrobial silica hybrid materials
based on tetraethylorthosilicate (TEOS) as SiOs precursors, carboxymethyl
cellulose (CMC) as an organic compound and silver (AgNps). The quantity of
organie substance was 10 wt.% and the silver concentration varied from 0.0 to
1.5 wt.%. The obtained hybrids were analyzed and characterized using AFM
analysis and the hydrophilicity of the materials was quantified by determining
the water contact angle.

It has been experimentally demonstrated that these silver doped organic-
inorganic hybrids have a well pronounced antimicrobial behaviour against Sac-
charomyeces cerevisiae 537. The results showed that hybrid materials with 1.5
wt.% Ag resulted in 66.05% cell reduction after 24 h incubation. In addition the
hybrid materials bearing AgNps were tested for their toxicity to 3T3 fibrob-
lasts. Increasing the concentration of AgNps to 0.5 wt.% did not cause any
decrease in cell survival; even after 48 h good cell proliferation was observed.
With further increasing the AgNps to 1.5 wt.% and prolonged incubation (48
h) the cell viability drastically dropped down to 20%.

Key words: carboxymethyl cellulose, Saccharomyces cerevisiae 537, sil-
ver nanoparticles, sol-gel techniques, eytotoxicity, cell survival, proliferation

1. Introduction. Silver ions (Ag+) and their compounds are highly toxic to
microorganisms exhibiting strong biocidal effects on many species of bacteria but
have a low toxicity towards animal cells [1 ‘1]. Silver nanoparticles (AgNps) can
directly damage bacteria cell membranes through release of silver ions followed
(individually or in combination) by increased membrane permeability, loss of the
proton motive foree, inducing de-energization of the cells and efflux of phosphate,
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THE INFLUENCE OF ANTI-CANCER AGENT ERUFOSINE
ON GRAFFI MYELOID TUMOUR CELLS BEHAVIOUR.
CYTOTOXICITY AND CYTOSKELETON
REORGANISATION STUDY

Veselina Uzunova, Sonia Apostolova, Ani Georgieva®,
Martin R. Berger*, Reneta Toshkova®™, Rumiana Tzoneva

(Submitted by Academician K. Kowmanov on September 23, 2015)

Abstract

In the present study we aimed to evaluate the role of cytotoxicity of erufos-
ine for eliciting changes in cyvtoskeleton organization and induction of apoptosis
in Graffi myeloid tumour cells. The cytotoxicity of erufosine was revealed by
MTT assay. The effect of erufosine on eytoskeleton and cell nuclei was evaluated
by immunostaining for a-tubulin and F-actin, as well as by DAPI staining. We
show that ICgy dose for EPC3 treatment of Graffi tumour cells was obtained
at 20 pM. Fluorescent images showed existence of apoptosis at the same EPC,
concentration. The induction of apoptosis by EPC3 was accompanied by actin
and tubulin reorganization. The obtained results revealed reorganization of
actin evtoskeleton and induction of adhesive cell phenotype by erufosine treat-
ment.

Key words: erufosine, reorganization of cytoskeleton, apoptosis, Graffi
tumour cells

1. Introduction. Erufosine (EPC3) is a novel chemotherapeutic agent
belonging to a group of substances referred to as alkylphosphocholines (APCs).

This study was supported by grants DFNI-BO 02/5 and DNTS /Germany 04/01.
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Abstract

A number of neurological diseases are related to antoimmune pathogen-
esis. These are multiple sclerosis, Guillain-Barre syndrome, chronic inflam-
matory demyvelinating polyneuropathy, monoclonal gammopathy, myasthenia,
polymyositis, and others. The mentioned diseases are characterized by autoan-
tibodies from immunocompetent cells connected to myelin of the central and
peripheral nervous system, the neuromuscular junction, caleinm channels, ete.

According to Guidelines on the use of therapeutic apheresis in clinical
practice-evidence-based approach from the writing committee of the American
Society for Apheresis: the sixth special issue, over 75 diseases can be treated
with therapeutic apheresis, including the aforementioned neurological diseases.

We have introduced for the first time in Bulgaria a qualitatively new
method of therapeutic apheresis. Basic features: (1) Use of nanotechnology

This research was supported by Grant No B-02/20/2014 from the National Science Fund.
Bulgaria.
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EFFECT OF ELECTRICAL FIELD AND MILTEFOSINE

ON ACTIN AND ACTIN-ASSOCIATED PROTEIN ZO-1

ORGANIZATION IN CANCER AND NON CANCEROUS
CELLS

Aneliya Kostadinova, Irina Georgieva, Tanya Topouzova-Hristova®,
Rumiana Tzoneva

(Submitted by Academician K. Koumanov on February 29, 2016)

Abstract

The actin cytoskeleton plays a key role in the stability of cell-cell junc-
tions, adhesion and cell motility, which are crucial for tumour progression and
metastases. Changes in the actin filaments organization could affect and in-
crease permeability of cell monolayer due to interruption and reorganization of
tight junctions in epithelial cells.

In this study we investigate the combined effect of the electrioporation
and miltefosine on the F-actin and Z0-1 in cancer epithelial line A549 and
non-cancer cell line MDCKIL Our results showed that treatment of A549 and
MDCK cells with electrical field in combination with miltefosine is cell-specific.
The cancer A549 cell line was found to be more sensitive to the treatment
as compared to non-cancerous cells. Aectin cytoskeleton was highly disturbed
while Z0-1 organization seems stabilized.

Key words: miltefosine, electrical pulses, actin, Z0-1

Introduction. One of the major challenges facing modern medico-biological
science is the search for new anti-cancer drugs and therapies. Recently, the new
branch of synthetic alkylphospholipids (ALPs) was introduced [!]. Unlike con-
ventional anticancer agents, which act predominantly at DNA level, ALPs act
on the cellular membrane, because of their similarity to the endogenous phos-
pholipids. At low concentrations ALPs are inserted into the plasma membrane
and subsequently cause a wide range of biological responses that ultimately lead
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Abstract

The biocompatibility of hybrid hydroxypropyl cellulose (HPC) hydrogels
with different content of embedded silver nanoparticles (AgNPs) is revealed by
testing the cytotoxicity and induction of cell death. The effect of cytotoxic-
ity and cell death was studied on L929 fibroblasts by using MTT ecytotoxicity
assay, cell morphological observations and acridine orange/ethidium bromide
(AO/EtBr) live cell staining. The results showed good biocompatibility of hy-
drogels containing AgNPs in the range 0.5-1.5 wt % Ag. Cells incubated with
HPC hydrogels with the higher amount of AgNPs (2-2.5 wt % Ag) presented
morphological changes corresponding to cell death and increased grade of cy-
totoxicity revealed by MTT assay. All these data suggest that AgNPs content
in HPC materials exibits dose-dependent threshold over which the biocompat-
ihility of the hydrogels is disturbed. Hybrid materials with low silver content

0.5 wt % to 1.5 wt % Ag proved their biocompatibility and will be suitable
candidates for biomedical applications.

Key words: antibacterial materials, silver nanoparticles, biocompatibil-
ity, eytotoxicity, cell death

Introduction. Nowadays, considerable attention is focused on silver nano-
particles (AgNPs) because of their unique chemical and physical properties and
pronounced antibacterial activity, which provide one of the most cost effective
alternatives for the development of new antibacterial materials. It is well known
that silver and silver ions are effective antimicrobial agents having an activity
against bacteria, viruses and fungi [1-‘ 2]. Free AgNPs were shown to be cytotoxic

The authors thank DNTS /Germany 01/0003 and BAS/2014/ 8.16 grants for financial sup-
port.
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Abstract

The focus of the present research is a hemocyanin, isolated from the hemolymph of marine snails
Rapana thomasiana (RtH), and its interactions with ionie liquids, based on a cholinium cation
and a non-polar amino acid as an anion [Chol][AA]. Six RtH-[Chol][AA] complexes have been
obtained. Fragmentation and structural changes in the protein, even at low protein to ionic liquid
ratios. were observed using static light scattering and fluorescence spectroscopy. For the first

time the cytotoxicity of RtH. [Chol][AA] and their complexes on adenoma breast cancer MDA -

MB-231cells was tested. All protein-ionic liquid complexes reduced moderately the cell viability
of MDA-MB-231 cells. however, the effect was weaker than those estimated for the pure RtH or

[Chol][AA].
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KIETHBUYHATA THTOTOKCHYHOCT.
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ABSTRACT

Cell adhesion plays a key role in tumor progression and its control could diminish the
fumor metastases. In the present study the action of erufosine on reorganization of actin
cytoskeleton and apoptosis was analyzed in breast cancer and mammary epithelaial cells. The
influence of electroporation on cytotoxicity was studied also.

Breast cancer cell lines MDA-MB-231 and MCF-7 as well as non-transformed MCF-10A
were treated with erufosine (5-150M) or subjected to combine treatment with biphasic
electrical pulses. MTS test. actin and DAPI staining were used.

For MDA-MB-231 erufosine provoked apoptosis and actin reorganization, since MCF-7
and MCF-10A were less sensifive to the action of erufosine. The combine freatment with
erufosine and electrical pulses lead to stimulation of cell proliferation for MCF-7 and lack of
additional effect for MDA-MB-231.

The cytotoxic action of erufosine on breast cancer cells and epithelial cells is cell specific.
The most sensitive is the high invasive MDA-MB-231 cell line since 15 UM erufosine cause
cytoskeleton reorganization and apoptosis.

Keywords: erufosine, breast cancer cells, apoptosis, actin cytoskeleton

YBoa

Anxundochoxomaaute (APC) ca HoBa Ipyla AaHTHTYMOPHH areHTH, KOHTO IIOKa3BaT
IHTOTOKCHYHA AKTHBHOCT CpPelly pa3IHIHH TYMOPHH KIeTBUHH JHHHH in  Vitro H
AHTHHEOIUTACTHYHA aKTHBHOCT in vivo [Muschiol C. et al..1987. Berdel W.E. et al. 1991]. 3a
pa3IHKa 0T cTAHAaPTHHTE XHMHOTEPANHA H paJHOTepanuATa, KOuTo JeficTBaT Ha HHBO [JHK, APC
ca MeMOpaHHO-BB3/eHCTBAIIH areHTH., KOHTO HHXHOHpAaT NpoTeHH KHHa3a C H MOIyTHpAT
CHTHAITHHTe TPAHCAVKIIHOHHH THTHINA CBBP3aHH ¢ KiIeThuHaTa memOpanarta [Geilen C. et al.,
1991]. Te HHAYITHPAT alONTO3a IPH MHOTO TYMOpPHH MomeTH [Jendrossek V. et al., 1999, Langen P.
et al., 1992] u celeKTHBHO VBpeKIaT JIeBKeMHUHH KIeTKH Oe3 Ja 3acAraT (OpH CHITHTE
KOHITEHTPAITHH) HOPMAIHHTe KIEeTKH OT KOCTHHA MO3BK [Konstantinov S. et al..1998]. HeoTnasHa
O¢ cHHTe3HpaH HOB ankHI(pocoXOTHHOB aHalor, HapeueH epymmiadocdo- N.N.N-
TpEMeTHINpormIaMoEHEyM (ErPCs, epydosmr). Toil ¢ IBPBHAT areHT. KOHTO MOKE Oa Ce
HHAEKTHPAa BEHO3HO, HAMAa XEMOTHTHIHH CBOHCTBAa H HE IPOABABA IIHTOTOKCHUHA AKTHBHOCT
BBPXY XEMATOMOSTHYHH IMPOTeHHTOPHH KIETKH, JOPH HAMIPOTHB HMa cTHMyTHpam edekt [Hilgard
P. et al., 1999]. BemniecTBoTO NpoABABa IOBHITNIEHA ITHTOTOKCHYHOCT TPH MHOTO JE€BKHMHYHH
KIeTHYHH THHHAH in vitro [M. R. Berger MLR. et al.. 1998].

Knerpunata amxesudrta e ¢pyHIaMeHTalIeH MPoIlec KOHTO NpH HeTpaHchopMHpaHHTE KIETKH
Hrpaec KIHOY0Ba pONA 3a KISTBYHHA pacTeX H NPEKHBAEMOCT, Thil KaTo ydYacTBa B
OpraHH3aHHIIHATA Ha ThKaHATe H opramuTe [Hynes R.. 2002]. IIpa TpaHchopMHEpaHHTE (PaKOBH)
KIETKH, HATHIAETO Ha aJXe3HOHHH KOHTAKTH HE € YCIOBHE 3a pacTeik H mpekusaemocT [Fish S.
and Ruoslahti E.. 1997]. Thil KaTo OCHOBHHTEe OCOOSHOCTH Ha PaKOBHTe KISTKH ca HaMaleHaTa
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ABSTRACT
Breast cancer is a disease with a high metastatic potential, and in many cases leads to a
resistance to applied standard anti-cancer drugs. This necessitates to looking for more effective
anti-tumor agents and combined approaches for cancer therapy. The action of erufosine and
electrical field on cell survival. reorganization of cytoskeleton, and cell cycle was analyzed in
breast cancer and mammary epithelial cells. Breast cancer cell lines MDA-MB-231 and MCF-7
as well as the non-tumorigenic line MCF-10A were treated with erufosine (5 pM to 50 uM) and
electrical field (500 V/em and 100V/cm). MTS test. FACS analysis and actin staining were
performed. In MDA-MB-231 cells erufosine in combination with the electric field induces a
significant reduction in cell survival and depolymerization of the actin cytoskeleton. There are
also changes in the cell cycle of treated MDA-MB-231 cells, which is an increase of G2/M
phase, indicating the existence of mitotic cell arrest. MCF-7 and MCF-10A are less sensitive to
the combined treatment. Application of electrical pulses has an additive effect on enhancing the
antitumor activity of erufosine. The most sensitive to the combined treatment with erufosine and
electric field is highly invasive cell line MDA-MB-231.
Keywords: erufosine, electric field, actin cytoskeleton, cell cycle

Veoa. Anxundocdoxorunante (ADX) ca HOBa TPYIa aHTH-TYMOPHH aT€HTH, KOHTO MOKA3BAT
ITHTOTOKCHYHA AaKTHBHOCT CpeIy pa3THYHH TYMOPHH KIeTBUHH JTHHHH i Viffo H
AHTHHEOIITACTHYHA aKTHBHOCT in vivoll. 3a pasmHMka OT KIAacHUEeCKHTe IHTOCTATHIIH., KOHTO
neiicteaT Ha HEBO JIHK (aHTpanHKIHHH. TakcaHH. aHTHOHOTHKA OJIEOMHIIHH. ITHCIUIATHHA H Op.),
ankandochoXoIHHATe MPOABABAT CBOETO JAeHcTBHE Ha HHBO KIeThUHA Me_\[f)paHa[H]. Tomamo
pasHooGpa3He OT IIHTOTOKCHYHH MeXaHH3MH ca MpHIIHCAHH Ha ankuiIdochoxoTHHOBHTE
kommoHeHTH. Cpell TAX ca MpPOMAHA HAa NPOTeHH KHHa3HTe H (ocdommmaznte, HEXHOHpaHe Ha
(hochaTHIHIXOIHHOBHA CHHTe3. akTHBHpaHe Ha SAPK/JNK cHraareH mer? 1 ap. Hackopo e
CHHTE3HpaH HOB alkHIpoc)OXOIHHOB ImpemapaT. HapedeH erucylphospho-N. N. N-
trimethylpropylammonium. AreHTBT MoKe Ja CTHMYTHpa MPOIVKIIHATA Ha XeMaTOIOeTHIHHTE
nporernTopEn KleTkn!?. TTokasaHo e. ge e})y(bO?I»IHLT HHIVIIHpPA aloNTo3a H aBTO(arud upe3
mogymHpaHe Ha Akt-mTOR cHrHaTHHA w1, KiIeThuHaTa aIxesusi e (byHIaMeHTalIeH TPOIIEC,
KOHTO B HETYMOPOTEHHHATE KJIeTKH HIpae KIHT0Ba POIA B KISTHUHHE PAcTeX, Thil KaTo MOIIbpAA
OpraHH3allHATa Ha THKAaHHTE H opraHure. [IpH TYMOPOTEHHHTE KJIETKH IPHCBCTBHETO Ha
ATXEe3HOHHH KOHTAaKTH He € MPEINOCTaBKa 3a pacTek H omemiBanel. ITpoMeHHTe B KIeThYHATa
amxes3Hd oNpeaeTaT MoTH(pHITHpaHaTa HM MOP(QOIOTHA H MHTPAIIHA, KOSTO € CBhP3aHO C TEXHHTE
HHBA3HBHH CBOHCTBA II0 BpeMe Ha BCHYKH CTaIHH Ha TYMOPHOTO pa3BHTHe. Ilo TO3H HaduHH
MaHHITYIHPAHETO HA KJIEThYHATA aIXe3Hd € BakHa [PEANOCTaBKa 3a KOHTPOIHpaHE Ha TYMOPHHA
pacTe’x ® HHBa3HA. OCHOBHA PONA B KIEThUYHATa aJXe3HA HIPpae akKTHHOBHA MHTockereT. Hamm
Opeax0oATallH H3CIeABaHHA MOKAa3axa, Ue eNeKTPHUYHH HMIIVICH IIpPEeIH3BHKAT HPOMEHH B
KJIeTHYHATA AIXe3HA H MHTOCKETETHA OPTAaHH3amKA. . a epy(O3HHBT MPHIHHABA KIeTHIHA CMBPT H
MPOBOKHPA AIXepPeHTeH KIeTbueH deHoTHI" . Jlocera HAMA TAHHH 33 KOMOHHHDAHOTO AeiiCTBHE Ha
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