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Editorial note

0 telxog auto Tov TiepLlodiko’ « PAPMAKEYTIKH» amoteAel e181k6 TeEU)OG, aplepwiévo ot dnpocisvon
T GUVTOUWV APOPWY TWV OMALWDV TIOV €XOUV ETUAEYEL VA TIAPOVCLAGTOVV GTIV ETILGTIUOVLIKT) GUVAVTIOT) HE

Titho «Navoteyvoloyia oIS emoTieS ™G Uyelag» Tou Sopyavwvel n EAAnvikr Etaipeia Navoteyvoio-
viag otig Emompes Yyeiag (EAENEITY) ota mlaiola Tov 20v EAAnvikov Zuvedpiov dappakeutikng tepiBoiymg
otis 21 lavovapiov 2018. EuxaplotoUpe ISLaUTEP®G TNV APXLOVUVTAKTI TOU TEPLOSIKOV, KabnynTpla k. Avwa Toa-
VTIAN Kot Vv emTpor| oUVTAENG TOU TEPLOSIKOV YA TNV EVKALPIX TIOU LG £8WOV VA TIAPOUCLAGOVLE € QUTO
TO TEVXOG, GE £VA EVPUTEPO KOLVO, TIPOTYUEVA BEUATA VAVOIXTPLKIG TTAPOVGLAGHEVA ATIO EEXPETIKOVG ETGTIILO-
VEG, 0L 0Tt0{0L EPYATOVTAL EPEVVITIKA OE KALVOTOUOUG TOUEIS TWV ETLOTIHOVIK®DVY TOUG TIESWV.

Ta péAn tov Aowkntikov TupBoviiov ™ EAENEIY sivau:

« [Ip6edpog, Evotdbiog 1. Evotabomoviog, Kabnyntig, EBvikd kot Kamodiotplakd IMavemotiuio ABnvav
(EKIIA)

* Avtimpdedpog, Kwvotavtivog N. Aepétlog, KaBnyntg, EKIIA

e Iev. Tpappatéag, XTmupidwv Kivtliog, Kabnyntg, lewmovikd [avemiotuo Abnvaov

e Tapiag, Mwpyog Aovvtog, Emik. Kabnyntrg, TEI ABnvov

» MéAog, Mapia F'adovAn, AvamA. Kadnynitpia, EKTIA

¢ AvamA. Mé)og, IInveAdrm Mmou{iom, Epevviitpia A, EKEDE «Anudkpitog»

 AvamA. Mé)og, Tiwpyog Beodwpdmoviog, AvarA. KaBnyntg, EKIIA

o Avam. MéAog, Ayamm ITAovon, Ymoy. Aldaktwp, EKITA

selected for presentation in “Nanotechnology in Health Sciences”, a session organized by the Hellenic

Society of Nanotechnology in Health Sciences (HSnanoHS) in the framework of the 2nd Hellenic Congress
of Pharmaceutical care on the 21st of January 2018. We owe special thanks to the editor, Prof. Anna Tsantili, and
the editorial board of the journal for this opportunity to present to a wider audience state-of-the-art nanomedicine
topics by excellent scientists working in the scientific front-end of the field.

T his special issue of “PHARMAKEFTIKI” is dedicated to publish short articles of the talks that have been

The members of the Executive Committee (ExCo) of HSnanoHS are :

« President, Efstathios P. Efstathopoulos, Professor; National and Kapodistrian University of Athens (NKUA)
¢ Vice President, Constantinos N. Demetzos, Professor, NKUA

« General Secretary, Spyridon Kintzios, Professor, Agricaltural University of Athens (AUA)

« Treasurer, George Loudos, Assistant Professor, Technological Educational Institute of Athens

e Member, Maria Gazouli, Asociate Professor, NKUA

e Assoc. Member, Penelope Bouziotis, Senior Researcher, NCSR “Democritos”

About Nanotechnology and the Hellenic Society of
Nanotechnology in Health Sciences (HSnanoHS)

Nanotechnology is a promising multidisciplinary
scientific field that deals with the development and
use of materials with dimension equal to one bil-
lionth of a meter. It is a scientific discipline that has

50

attained a huge and heavy-weight status in science
and technology and has attracted the attention to
those working in health sciences and in the environ-
mental scientific fields.

This special issue includes extended abstracts and
short papers regarding drug delivery systems, imag-
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ing and diagnostic approaches as well as the devel-
oping and evaluating challenges of nanomaterials
for producing health care final products. The appli-
cations of innovative nanosystems and nanodevices
as drug delivery platforms or as tools in diagnosis
and imaging are presented. It is our belief that the
application of principles of nanotechnology and the
development of nanotechnological products, could
be emerged as the building block for designing better
medicines and improving the health.

Based on the above, we have decided to establish a
scientific institution, the Hellenic Society of Nanotech-
nology in Health Sciences (HSnanoHS) as it is dealing
with the wider subject of nanotechnology in the area
of health sciences. I will take the opportunity to make
a short presentation of our society. HSnanoHS was
established in Athens, Greece in December 2016. The
society is a multidisciplinary body, consisting of scien-
tists from different scientific areas.

The aims of our society are to:

¢ Advance knowledge in the field of Nanotechnology
in Health Sciences;

e Promote and disseminate the research, education-
al and professional activities of its Members, at a
national and international level;

e Promote collaboration, interaction and comple-
mentarity among its Members;

e Promote networking of key-actors in the field of
Nanotechnology in Health Sciences, at a national
level;

e Promote networking and collaboration of the So-
ciety with national and international scientific, re-
search, funding and investment institutes;

* Promote collaborations between national and for-
eign institutes, active in the field of Nanotechnolo-
gy in Health Sciences;

e Promote the common stand point of the Members
of the Society to public authorities;

e Promote the resolution of issues concerning the
legal /regulatory context applicable in connec-
tion with activities of research, development and
business, in the field of Nanotechnology in Health
Sciences;

e Promote activities supporting the increase of the
availability of national funds for education, re-

SYMPOSIUM ON NANOTECHNOLOGY IN HEALTH SCIENCE

search, and development, in the field of Nanotech-
nology in Health Sciences.
 Any other activity relevant to the aims of the Society.

Any Physical or Legal Body activating in the field of
Nanotechnology in Health Sciences is eligible to be-
come a full member of the HSnanoHS.

Our founding members come from academia, re-
search centers, public and private hospitals, and busi-
ness sector.

Our society has organized the following scientific
events:

1. A session included in “DYO Forum”, titled “Applica-
tions of Nanotechnology in Health Sciences” in Athens,
February 2017.

2. The 27th Interdisciplinary Research Conference on
Injectable Osteoarticular Biomaterials and Bone Aug-
mentation Procedures, in collaboration with the GRI-
BOI association, in Athens, May 2017.

Moreover, HSnanoHS has been participated in a
number of scientific events:

* The 4th Athens Science Festival (29 March - 2 April
2017), one of the largest Greek outreach events,
which targets general public.

e The 31st annual meeting of the European Society of
Hyperthermic Oncology (ESHO 2017, 21 - 23 June
2017), in Athens.

¢ The 18th Hellenic Pharmaceutical Conference (6-8
October 2017) in Athens.

¢ The Conference on Bio-Medical Instrumentation and
related Engineering and Physical Sciences, BIOMEP
2017, organized by the Technological Educational In-
stitute of Athens, on 12 -13 October in Athens.

Our society has awarded the title of “honorary mem-
ber of HSnanoHS” to a number of famous scientists in
their fields; Prof. Erem Bilensoy, Hacettepe Universi-
ty Faculty of Pharmacy, Turkey, President of EUFEPS,
Prof. Robert Ivkov, Johns Hopkins University School
of Medicine, US, Prof. Francis Ligler, Joint NC State and
UNC-Chapel Hill, US, Prof. Igor Sokolov, Tufts Universi-
ty, US and Dr. Charalambos Koutsoulas, Polymun Sci-
entific, Austria, Assoc. Member, George Theodoropou-
los, Associate Professor, NKUA, Assoc. Member, Agapi
Ploussi, Ph.D. Candidate, NKUA.
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Innovative nano-vaccines:
From bench to bedside

Natassa Pippa* and Costas Demetzos

Section of Pharmaceutical Technology, Department of Pharmacy, School of Health Sciences, National
and Kapodistrian University of Athens, Panepistimioupolis Zografou, 15771 Athens, Greece

Abstract

The purpose of this study is to analyze the use of
nanosystems in the research and development of in-
novative vaccines. Nano systems also induce cellular
and humoral immunity. A very interesting property of
nanosystems is also their adjuvant efficacy, i.e. their
ability to enhance the immune response through var-
ious mechanisms due to their particulate structure.

In immunology, an adjuvant is a component that po-
tentiates the immune responses to an antigen and/or
modulates it towards the desired immune respons-
es. It should be emphasized that the nanoparticles
themselves contribute to the immune response due
to their adjuvant properties, which contributes sig-
nificantly to the effectiveness of the vaccines.

KEYWORDS: Adjuvants; Innovative Vaccines; Nanoparticles; Inmune response

Introduction

Vaccination is one of the most valuable and cost effec-
tive health measures to prevent and control the spread
of viral/bacterial infectious diseases responsible for
high mortality and morbidity2® A significant number
of infectious diseases and chronic disorders is still not
preventable by vaccination such as HIV, tuberculosis,
malaria, healthcare associated infections (HAls), cy-
tomegalovirus (CMV), and respiratory syncytial virus
(RSV) for which new generation vaccines are need-
ed.1,2Novel technologies such as adjuvants (includ-
ing immune-modulators and molecular targets) can
enable safe and effective vaccines for difficult target
populations such as new-borns, elderly and the im-
mune-compromised. The adjuvants need to be very
well designed in order to avoid excessive response,
long term auto-inflammatory diseases and allergy, sec-

ondary effects. Therefore, particulates, and especially
liposomes could represent a perfect vaccine adjuvant
thanks to the possibility of a high level of customiza-
tion and control. More recently, liposomes have found
application as vaccine —adjuvants due to their ability
to prevent antigen degradation and clearance, coupled
with enhancing its uptake by professional antigen pre-
senting cells (APCs), have marked liposomes as useful
vehicles for the delivery of a diverse vaccine antigen.
The majority of vaccines currently in development be-
long to the category of subunit vaccines, consisting of
recombinant or purified pathogen-specific proteins,
or encoded (DNA) antigens that will be expressed and
presented in vivo. Subunit vaccines when adminis-
tered alone have low efficacy in activating the immune
system and require the addition of adjuvants in order
to induce a measurable immune response of the anti-
gen, through activation of the innate, and subsequent-

*Corresponding Author: Natassa Pippa, e-mail: natpippa@pharm.uoa.gr
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ly the adaptive immune system. Ideally, the adjuvant
should be able to improve antigen uptake by antigen
presenting cells (APCs) and induce an antigen specif-
ic immune response while eliciting minimal toxicity.
Liposomes are a type of adjuvant that can potentially
satisfy the above criteria. The adjuvant efficacy of cat-
ionic liposomes composed of dimethyldioctadecylam-
monium bromide and trihalosedibehenate (DDA:TDB)
is well established in the literature. Whilst the mecha-
nism behind its immunostimulatory action is not fully
understood, the ability of the formulation to promote a
“depot effect” is under consideration. The depot effect
has been suggested to be primarily due to the cationic
nature which results in electrostatic adsorption of the
antigen and aggregation of the vehicles at the site of
injection.!?

Dendrimers are under investigation as vaccine carri-
ers and/or adjuvants for both infectious diseases and
cancer immunotherapy. The adjuvant capacity of man-
nosylatedPoly(amido)amine (PAMAM) dendrimers was
documented in the literature as well as glycopeptides-
dendrimers and phosphorus dendrimers. Additionally,
polymeric nanoparticles have been applied in vaccine
delivery, showing significant adjuvant effects as they can
easily be taken up by antigen presenting cells.

The use of nanosystems in the research and devel-
opment of innovative vaccines

The purpose of this investigation is to analyze the
use of nanosystems in the research and develop-
ment of innovative vaccines. Nano systems also
induce cellular and humoral immunity. A very in-
teresting property of nanosystems is also their adju-
vant efficacy, i.e. their ability to enhance the immune
response through various mechanisms due to their
particulate structure. In immunology, an adjuvant is
a component that potentiates the immune respons-

SYMPOSIUM ON NANOTECHNOLOGY IN HEALTH SCIENCE

es to an antigen and/or modulates it towards the
desired immune responses. Currently, two vaccines
are available on the market and are based on na-
no-vesicles. Epaxal®, a hepatitis A vaccine, contains
vesicles of approximately 150 nm size consisting
of phospholipids (liposomes). The virus particles
are adsorbed on virosomes as the adjuvant system
composed of highly purified influenza virus surface
antigens (10 micrograms haemagglutinin) of the A/
Singapore/6/86 (H1N1) strain and the phospho-
lipids lecithin (80 micrograms) and cephalin (20
micrograms). Inflexal V is an influenza vaccine and
consists of viral envelope hemagglutinins and lipids.
Inflexal V is a vaccine to protect adults and children
older than 6 months from flu (influenza). When you
are given the vaccine your body’s immune system
makes antibodies to protect you against the types
of flu virus that are in the vaccine. The vaccine does
not contain any live virus particles, so it cannot give
you the flu. The active substances in the vaccine are
proteins called haemagglutinins, isolated from the
surface of the flu virus. To make the vaccine, the flu
viruses are grown in chicken eggs, then they are in-
activated (with f3-propiolactone) and the haemag-
glutinins are purified. Finally these are combined
with natural lipids to form particles called viro-
somes. The virosomes act as carrier and adjuvant
in the vaccine. Additionally, other nanoparticles of
lipid and polymeric nature are investigated and de-
veloped to be used to deliver antigens and facilitate
the vaccine production.

Conclusion
In conclusion, it should be emphasized that the nan-
oparticles themselves contribute to the immune re-

sponse due to their adjuvant properties, which contrib-
utes significantly to the effectiveness of the vaccines.
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Abstract

The synthesis of novel poly (L-histidine)-grafted mes-
oporous silica nanoparticles (MSNs) decorated with a
uniform pH-sensitive poly(L-histidine) (PHis) shell is
reported. Loading and release studies were performed

using the model anticancer drug Doxorubicin (DOX).
DOX was efficiently loaded within the nanochannels
of the hybrid MSN@PHis nanostructures and was re-
leased in a relatively controlled pH-triggered manner.

KEYWORDS: Polypeptides; Mesoporous silica nanoparticles; Poly(L-histidine); pH-responsive;
Ring-opening polymerization; Grafting from; Controlled drug release

1. Introduction

During the past two decades, there has been tremen-
dous progress in the design of materials at the nanos-
cale level that has paved the way for a new category of
healthcare technologies generally termed nanomed-
icine. While traditional therapeutic agents have al-
lowed for very little control in terms of their distribu-
tion in the body and clearing times, engineering at the
nanoscale level has allowed for significant advances in
optimizing the biocompatibility, biodistribution, and
pharmacokinetics of various medical technologies.
Mesoporous silica nanoparticles (MSNs) have
unique characteristics, including high surface area,
large specific pore volume, controllable pore diam-
eter and facile surface functionalization® as well as
their prominent biocompatibility, nontoxicity and
high loading capacity apart from their well-ordered

structure.? However, the weak interactions between
physically entrapped drugs or biomolecules and the
internal surface of unmodified MSNs, lead to the in-
evitable burst release of the guest molecules from the
nanochannels during the blood circulation® On the
contrary, polymer-modified MSNs effectively protect
the loaded drugs from premature release and degra-
dation, increasing their therapeutic efficiency.*

2. Experimental Section
2.1. Synthesis of Amino-Functionalized MSNs (MSN-NHz)

Mesoporous silica nanoparticles were prepared by
reacting hexadecyltrimethylammonium bromide
(CTAB) with NaOH in Milli-Q water at 80°C followed
by addition of tetraethyl orthosilicate under vigorous
stirring. The resulting MSNs were isolated by centrifu-
gation and washed thoroughly with Milli-Q water and

*Corresponding Author: Hermis latrou, Tel.: +30-210-7274330; Fax: +30-210-7274186,

E-mail: iatrou@chem.uoa.gr
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then with methanol, and dried under high-vacuum.
The received MSNs were dispersed in methanol by
ultrasonication followed by addition of (3-aminopro-
pyl) triethoxysilane. After stirred for 24 hours at room
temperature, the product was centrifuged, washed
with Milli-Q water and methanol, and then dried in
vacuo. CTAB was extracted after refluxing the nano-
particles in a mixture of methanol and HCl at 60°C. The
amino-functionalized nanoparticles (also referred as
MSN-NH2) were isolated by centrifugation and then
washed with a saturated solution of LiOH in methanol
for the removal of HCl traces from the amino groups.

2.2. Preparation of Poly(L-Histidine)-Grafted MSNs
via Ring-Opening Polymerization (MSN@PHis)

The surface-initiated ring-opening polymerization
(ROP) process was carried out by adding the monomer
Trt-His-NCA5® to the amino-functionalized mesoporo-
us silica nanoparticles in DME The obtained homopol-
ypeptide-grafted nanoparticles solution was then pre-
cipitated into excess dry diethyl ether; isolated after
filtration and dried under high vacuum (MSN@P(Trt-
His), followed by deprotection of the polypeptide with
trifluoroacetic acid (TFA).

2.3. DOX Loading and pH-Triggered Release

The prepared amino- and polypeptide-functionalized
mesoporous silica nanoparticles were loaded with the
model anticancer drug Doxorubicin (DOX), at low pH.

3. Results and Discussion

Scheme 1 shows the functionality of the synthesized
nanoparticles.
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Scheme 1: Schematic illustration of the synthet-
ic route followed for the preparation of DOX-loaded
PHis-functionalized MSNs for pH-triggered controlled
drug release

4, Conclusions

In this work, we developed novel pH-sensitive
poly(L-histidine)-grafted mesoporous silica-based na-
noparticles and studied their efficiency as drug carri-
ers of DOX. The DOX entrapment and release pattern
were proven to be pH-dependent. [
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Abstract

The use of metal nanoparticles (NPs) in cancer
management has gained great attention the last
decade. However a lot of research is needed to
be conducted regarding the targeting potential,
the therapeutic effects, their stability in vitro and
in vivo and their cytotoxicity effects in order to
be successfully incorporated in the clinical man-
agement of cancer. In the current study, we in-
vestigated the cancerous effect of hyperthermic
Fe,0, .. Ag(Au) _ , nanoparticles constructed
with tryptophan as stabilizer and reducing agent.

Fe,0, Au NPs seem to have a toxic effect af-
core shell

KEYWORDS: Hyperthermia; Magnetic nanoparticles; Fe O

Tryptophan (Trp); anti-tumor effect

Introduction

An increasing number of reviews about noble metal
nanoparticles (NPs) in cancer management indicate
a growing interest to these promising nanoobjects.
Gold and silver NPs can be applied on their own or in
combination with other molecules (i.e., polymers, sur-
factants, organic dyes) for targeting, imaging and ther-
apeutics!. In particular, hyperthermic NPs are proven
to be a promising tool in cancer therapy. In magnetic
hyperthermia, magnetically active NPs like Fe,0, NPs,
absorb energy to turn it into heat (>41,5°C). Magnetic
NPs have been successfully used in many studies and

ter ionization and thus work as hyperthermic NPs
while in the same concentrations the toxic effect
of hyperthermic Fe,0, = Au ,  is minimized in
non-cancerous cells HEK293 (~80% viability in
all concentrations tested VS ~55% viability in can-
cer cells with 400pg/ml and 45% viability with
600pg/ml). We suggest that Fe,O, _ Au ,  NPs
with Trp can be used as hyperthermic NPs that
can selectively have a toxic effect in cancerous
cells and not in non-cancerous. However, the role
of tryptophan regarding the reduced toxic effects

in non-cancerous cells need further investigation.

Ag(Au) . nanoparticles;

3 4 core shell

even progressed in clinical trials*3. However, in order
to succeed a specific anti-tumor effect to the tumor
site, the construction of targeted NPs seems compul-
sory. Previously, we estimated the nanotoxicity of col-
loidal mono- and bimetallic silver/gold NPs stabilized
with aminoacid tryptophan (Trp), in three different
cell lines 4T, a breast cancer cell line, HCT116, a colon
cancer cell line and HEK293, embryonic kidney cell
line*. Among other results, we found that the toxicity of
our NPs was essentially lower in non-cancerouscells,
making them promising candidates as tools for cancer
treatment approaches*®. Thus, in this study we wanted
to check the effect of hyperthermic Fe,0, Ag(Au)

4 core shell
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Figure 1: Properties of Fe304 core Ag(Au) shell nanoparticles. Size and morphology of prepared magnetic na-
noparticles with the shell of silver (on the left) and gold (on the right). In the middle absorbance spectra of NPs

bearing LSPR bands are shown

nanoparticles nanoparticles in cancer cell cultures’.
These hyperthermic NPs are stabilized with aminoac-
id tryptophan as effective in attenuating potential
hepatotoxicity and nephrotoxicity of NPs during their
in vivo application.

Materials and Methods
1.Fe,0,  Ag(Au) , nanoparticles synthesis

Colloidal solutions of nanocomposites containing iron
oxide core and noble metal shell Fe,0,  Ag(Au) ,
were obtained via chemical reduction of metal ions
(AgNO,, HAuCl,, Merck, Germany) by amino acid tryp-
tophan (Trp, SC12-20120713, China) in the presence
of magnetic fluid - suspension of iron oxide Fe 0, in
sodium oleate. The synthetic procedure was similar

62

to the previously described*. Initial solution of Trp
was adjusted to high pH and heated to boiling. Then
magnetite was injected followed by silver nitrate (tet-
rachlorauric acid). The components molar ratio was
v(Trp): v (M): v (Fe,0,) = 2: 1: 0,5. Colloid was stirred
and heated continuously.

2. Cell culture

HTC116 and HEK293 cell lines (ATCC) were grown
in DMEM High Glucose culture medium (BioSera)
containing 10% FBS, 2 mmol/L glutamine, 100 U/ml
penicillin and 100 g/ml streptomycin at 37°C. The me-
dium was changed every 48 h and cells were passaged
once weekly using standard trypsin-EDTA concentra-
tions. Beginning at passage 32 and 37 respectively,
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Figure 2: Viability assay on cell lines. Graph of MTT assay after treatment with various NPs of different con-
centrations of Fe,0,A) on HEK293 and B) HCT116 and subsequent ionization. Non-ionized cells (graphs on the
right) were used as control plates. Positive control shows cells without the exposure of NPs. The cell viability is
expressed as % cell viability +SD between two experiments. The symbols * **, *** show statistical significance
using one way ANOVA (p<0,05, p<0,01, p<0,005 respectively) compared to the positive control

cells were cultured continuously. Cells were freezed in
freezing medium containing FBS, 5% DMSO. HCT116
is a human derived colon cell line. HEK293 are embry-
onic kidney, epithelial, adherent cells and are used as
control group (non-cancerous cell line) in our exper-
iments.

3. MTT assay

The MTT Cell Viability Assay measures alterations

in cell viability thus, when metabolic events lead to
apoptosis or necrosis, the cell viability is decreased.
As a general protocol, 50.000 cells/well were seed-
ed in 24-well plates (Corning-Costar, Corning, NY)
and cultured overnight. Three different types of
controls, namely: positive, negative and background
were used throughout the study. Positive control
had cells with culture medium but not exposed to
NPs. Negative control had NPs without cells. Back-
ground control had culture medium without cells.
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The two different cell lines were treated with vari-
ous concentrations of NPs for 1h and then ionized
for 15min. Subsequently, the cells were rinsed once
and incubated in 37°C with 100 pl serum-free medi-
um containing 0.5 mg/mL MTT. After 1:30 to 2:30
hours, 100 1 of SDS-HCI was added to each well,
mixed with the pippete and incubated for at least
1 hour in 37°C. The optical densities were read at
570 nm (reference filter was set at 690 nm), using
a microplate spectrophotometer (SPECTROstarNa-
no, BMG LABTECH). Absorbances were normalized
with respect to the untreated control cultures to cal-
culate changes in cell viability.

Results and Discussion

Prepared colloidal solutions of magnetic nanoparti-
cles containing iron oxide core and noble metal shell
had a bright yellow and red color inherent to NPs of
silver and gold respectively.

A specific color is a distinguishing feature of no-
ble metal NPs and is caused by the phenomenon of
localized surface plasmon resonance (LSPR) that
appears as absorption in the visible range of the
spectrum. The maxima of LSPR absorbtion bands
of Fe304 core Ag shell and Fe304 core Au shell col-
loids were localized at 420 and 527 nm (Figure 1),
indicating the formation of continuous shell around
the magnetite particles. Obtained NPs, with both sil-
ver and gold shell, were of spherical shape with the
average size of 15-20 nm according to data obtained
by transmission electron microscopy (TEM) and dy-
namic light scattering (DLS) methods (Figure 1).

In the present study we also tested the anti-tumor
effect of Fe,O, . . Ag, ,and Fe,O, Au  NPsin
a cancerous cell line and a non-cancerous cell line
in order to investigate: i) if Fe,0,  Ag(Au) ,  NPs,
reduced and stabilized with Trp, show anti-tumor
effect after ionization; ii) if there is a differentiated
toxic effect of synthesized NPs on cancerous and
non-cancerous cells.

According to our results, the NPs that have a toxic
effect towards cancer cell after ionization, and thus
work as hyperthermic NPs, are Fe,0, _ Au _  NPs
in the concentrations 400 and 600 ug/ml of Fe,O,
(Figure 2B).Fe,0, _ _Ag .  NPsbecause of the toxic

4 core shell
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effect of AgNPs on their own, compared to AuNPs
that are considered to be the less toxic metal NPs
for in vivo applications*®. Interestingly, in the same
concentrations the toxic effect of hyperthermic
Fe 0, _.Au _  NPs is minimized in non-cancerous
cells HEK293 (Figure 2A) (~80% viability in all
concentrations tested VS ~55% viability in cancer
cells with 400pg/ml and 45% viability with 600ug/
ml) (Figure 2A and B). We deemed that this spec-
ificity towards cancer cells has to do with the use
of tryptophan as a stabilizer and reducing agent.
Tryptophan is demonstrated to have rather a pos-
itive effect on both cell lines compared to the pos-
itive control, especially on cancer cells (data not
shown). Thus, the increased metabolism of Trp by
cancer cells specifically, may be beneficial in order
to increase the anti-tumor effect of NPs®. Therefore,
we suggest that Fe,0, = Au _  NPs with Trp can be
used as hyperthermic NPs that can selectively have
a toxic effect in cancerous cells and not in non-can-
cerous without the need of conjugation in order to
target cancer cells. O

In vitro dpaon
vmtepBepuikwv Fe 0,
vavoowpatidiov Ag
KoL Au 0€ KOAALEPYELEG
KOPKLVIKWV KUTTAPWV

Avva AvpmepotovAov, It. Fpappatikakn,
Iuliia Mukha, Nadiia Vityuk, Levgen
Pylypchuk, Liudmyla Storozhuk,

BaoiAng KovAovAiag, Mapia F'aoVAn

Hepiinym

H ypnon petaAdikwv vavoowpatidiwv (NPs)
otn OSlaxelplon Tou kapkivou £€xel kepdioel
peyoAo evdla@épov v tedevtaia Sekaetia.
Qotd0o0, mpemeL va Ste€ayBoVv TOAAEG EpEVVES
OXETIKA LE TNV ELSIKT OTOXELON TWV KAPKLVL-
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KWV KUTTOPWY, Ta OEPATEVTIKA ATTOTEAECLA-
Ta, T oTaBepOTNTA TOVG in Vitro Kol in vivo
KOl TNV KUTTAPOTOELKOTNTA TOUG TIPOKELLEVOU
VA EVOWUATWOO0VV pE ETITUXIA GTNV KALWVIKY)
QVTIHETMTILON TOVU Kopkivou. ITnv mapovoa
HEAETN, BEA|OAE VA EPEVVI|COVIE TNV KAPKL-
VKT EMISpOON TWV VTEPOEP UKWV VOVOTWLO-
T8iwv Ag kat Au Fe,0, KATAOKEVACUEVWY e
TPUTITOPAVT WG OTADEPOTIOMTY KAL AVAYWYL-
k06 apayovta. Ta NPs Fe O, (mtupfva) Au (ké-
Av@og) @aivetal va €yovv Togikn Spdon peTa
aTo aKTvoOANoN Kal Apa va AELTOVPYOUV WG
vmtepBepuika NPs. [TapaAinda, otig (Sieg ov-
YKEVTPWOELG TO TOEIKO ATOTEAEG A TWV UTIEP-
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Folate-positive cancer cell biosensor based
on an electroactive hydrogel doped with
silver enhanced /folic acid functionalized

gold nanoparticle-targeted cells
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Abstract

In the present work we report an electrochemical
approach for assaying folate targeting in cancer
cells. The proposed assembly is based on coulomet-
ric evaluation of silver enhanced MCF-7 cells after
folic acid functionalized gold nanoparticle target-
ing. Total charge of an electroactive hydrogel doped

1. Introduction

A biosensor is characterized by its biological rec-
ognition element which bears unique specificities
toward corresponding analytes. One of the many
challenges in biosensor development is the efficient
signal capture of the recognition event (transduc-
tion). Transducers translate the interaction of the
biological element with the analyte into an elec-
trochemical, magnetic, gravimetric, luminescent
or optical response. In the quest of increased bio-
sensor sensitivities, nanomaterials are promising
candidates because they offer enhanced quantity
of immobilized bioreceptor units at reduced vol-
umes, while they often can act themselves as the
transduction element’. Continuous advances in
synthesis and functionalization of gold nanoparti-
cles (AuNPs), combined with their biocompatibility,
chemo-physical stability and optical tunable charac-

*Corresponding Author: Evangelia Flampouri
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with nanoparticle targeted-silver enhanced cells
was used as a figure of merit. The assembly was
able to measure the total charge of the enhanced
hydrogel, differentiate between unmodified/mod-
ified nanoparticle targeting and between different
modified nanoparticle concentrations.

teristics, have led to an immense expansion of their
biosensory applications. Folic acid (FA) mediated
cancer cell targeting, which is based on the overex-
pression of FA receptors by certain cancer cells, is
one of the most important methods for active cancer
targeting and diagnostics® The aim of the present
study was to develop a biosensor assembly that will
electrochemically assess folate-conjugated gold na-
noparticle targeting of cancer cells.

2. Materials and Methods
2.1 Materials

Silver nitrate (AgNO3), KNO3, hydroquinone were
obtained from Merck (Darmstadt, Germany). Glu-
tathione (GSH) and MES were purchased from Fluka
(Basel, Switzerland). All other reagents were pur-
chased from Sigma-Aldrich.
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2.2 Preparation of folic acid functionalized gold
nanoparticles

Prior to experiments, all glassware were cleaned
with aqua regia (3:1 HCI:HNO,). For the colloidal
synthesis, gold solution was prepared by dissolv-
ing HAuCl, (14 mg) in ddH,0 (116.6 mL). A fresh-
ly prepared NaBH, solution (2.5 mg / mL, 466 uL)
was added dropwise to HAuCl, and the solution
was stirred for 5 min until turned ruby red in color.
Afterwards, GSH (93 mg) was added and the col-
loidal solution was stirred for 15 min. Then, the
mixture was centrifuged at 4,500 rpm for 10 min
and the precipitant was collected. Consequently
GSH capped-AuNPs (58 mg) were dispersed in 29
ml MES buffer (50 mM, pH 6.5) with folic acid (29
mg), sulfo-NHS (14.5 mg) and EDC (26.1 mg). Af-
ter 24h under vigorous mixing, the particles were
separated by adding 15 ml of methanol and centri-
fuging at 4.500 rpm for 10 min. The procedure was
repeated three times and the gold nanoparticles
were allowed to dry on a watch glass for 24h3.

2.3 Cell culture and fixation

MCF-7 (kindly provided by Dr. Bouziotis and Dr.
Paravatou from N.C.S.R "Demokritos") cells were
grown and maintained in 75 c¢cm2 culture flasks
(OrFlask, Orange Scientific) with DMEM medium
enriched with 10% FBS, 1% L-glutamine, antibiot-
ic solution and 1% pyruvic acid at 37°C / 5% CO,,.
For microscopic observations cells were plated in
8 well slides (Lab-Tek® II Chamber Slide ™ Sys-
tem, 1545348) at a concentration of 4 x 104 cells/
cm?2. After cell adhesion (24h) the medium was re-
moved and cells were incubated for 1h with DMEM
without FBS containing the FA-AuNPs at 10 mg/ml
and 50 mg/ml respectively. At the end of incuba-
tion time, cells were fixed for 20 min at 4°C with
glutaraldehyde (Glu).

2.4 Fixation and silver enhancement for microscopy
Silver enhancement solution was prepared by dis-

solving 0.51 g of citric acid and 0.48 g of trisodium
citrate in 20 ml of distilled water (4° C). Then, 0.02 g

SYMPOSIUM ON NANOTECHNOLOGY IN HEALTH SCIENCE

of hydroquinone was added under darkroom condi-
tions. The pH was adjusted to 3.8-4.0 with citric acid
and 0.07 g AgNO, was added to the solution under
stirring (10 min). The solution was used quickly af-
ter preparation. The plate was rinsed 3 times with
ddH,0.

2.5 Cell fixation and silver enhancement for elec-
trochemical measurements

After MCF7 scraping, cells were centrifuged at 1500
rpm for 5 minutes, followed by 2 washes in sterile
PBS and fixation with Glu (1%). All samples were
incubated for 20 min and centrifugated with sterile
PBS for 7 min at 3000 rpm. The samples were left to
dry at RT before silver-enhanced as above.

2.6 Preparation of gelatin hydrogel and immobi-
lization on gold electrodes

For hydrogel formation, 10% gelatin was dis-
solved in deionized water and heated for 30 min-
utes at 55° C. After that, 5 ul of the silver enhanced
cells and 5 pl of the gelatin were mixed to a final
concentration of 5% and deposited (drop-cast-
ing) on the working electrode of the 220AT gold
screen printed electrodes (Dropsens, Spain). The
electrodes were left to dry until solidification of
the films.

2.7 Electrochemical measurements

Prior to connecting the electrode to the potentio-
stat, 70 pl of potassium nitrate (KNO3) was add-
ed to the electrode. Chronocoulometry was per-
formed using UiEChem™ software from Bio-Logic
Science Instruments SAS (Claix, France). Meas-
urement conditions were: applied potential +0.8V
and sample rate 5Hz, cumulative Charge vs. Time.
Total charge was calculated automatically from the
pre-installed UiIEChem™ software application®.

3. Results and Discussion

Both AuNPs and AuNPs-FA exhibited a peak
around 526nm (Figure 1A) that corresponds to
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Figure 1: UV-Vis absorption spectra of AuNPs and FA
functionalized AuNPs. Inserts: corresponding optical
and UV illuminated images
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Figure 2: Targetmg of AuNPs-FA in MCF7 cells via sil-
ver enhancement. A) control, B) unmodified AuNPs, C)
AuNPs-FA 10ug/ml and D) AuNPs-FA 50ug/ml

the characteristic SPR band of AuNPs in the visi-
ble region, suggesting the creation of Au nanopar-
ticles.

In the UV spectra (Figure 1B), the absorption
max of AuNPs-FA at 280 nm and 365 nm, both
characteristic peaks of folic acid, confirmed their
covalent attachment with FA.

In order to evaluate NP/cell interactions with
optical microscopy, the silver enhancement meth-
od was performed (Figure 2). Cells incubated with
no or unmodified AuNPs (Figure 2 A,B) showed
less stain intensity than cells with FA-AuNPs. Addi-
tionally, microscopy of cells treated with FA-AuNPs
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Figure 3: Schematic representation of the measure-
ment setup
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revealed dose depended staining (Figure 2 C, D).

The electrochemical assembly presented in this
work was based on the immobilization of AuNPs or
AuNPs-targeted cells on a gold electrode through
a hydrogel film formation as presented in Fig.3.
Chronocoulometry results showed that the total
charge transferred from the electrode/hydrogel
interface for the case of immobilized AuNPs was
dose dependent (Figure 4). As the increased
AuNPs concentrations resulted in increased silver
enhancement, the silver deposits allowed higher
current transfer from the electrode and higher to-
tal charge in a dose response manner.
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In the case of immobilized AuNPs-targeted cells
the total charge of the electrode/hydrogel interface
for the cells incubated with no NPs was similar to
the control (no cells). Additionally, total charge in
hydrogel/cells configuration increased as the con-
centration of the FA-AuNPs increased (Figure 5).
Results revealed that incubation of cells with FA-
AuNPs showed targeting both microscopically and
electrochemically.

4, Conclusions

The proposed bioelectrochemical assembly was
able to measure the charge of gold nanoparticle
folate-targeted cells and discriminate between
unmodified AuNPs or between different FA-AuNP
concentrations.

Further studies are needed to evaluate tissue
specific selectivity and minimum cell populations
required for signal acquisition. O
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Abstract

The reported increasing burden of neurological
diseases over the last years highlights the need
to identify new approaches in diagnosis and
management of neurological diseases. Nowadays,
nanomedicine provides new powerful tools for
the imaging and treatment of various neurological
diseases. In neuroimaging, nanoparticles have been
successfully used as contrast agents to enhance
visualization in Magnetic Resonance Imaging (MRI),

1. Introduction

Neurological diseases including cerebral aneu-
rysms, inflammation, multiple sclerosis, Alzheimer,
Parkinson and brain tumors are an important cause
of disability and deaths worldwide. According to
the Global Burden of Diseases 2015, neurological
diseases were the leading cause of global disabili-
ty-adjusted life years (DALYs) and the second-lead-
ing cause of deaths in 2015'. Therefore, there is an
urgent need to find new approaches for the manage-
ment of neurological diseases.

In recent years the development of nanotechnolo-
gy has offered new and significant opportunities in
diagnosis and treatment of neurological diseases?
Nanoparticles are a novel tool in the management
of neurological diseases as they offer a number of

Computed Tomography (CT) and photoacoustic
imaging. The ability of nanoparticless to effectively
cross the Blood Brain Barrier (BBB) make them ideal
candidates for targeted dug delivery. Consequently,
nanoparticles seem to offer new perspectives for a
more accurate diagnosis and effective treatmentin the
field of neurology. The aim of the current review study
is present the main applications of nanoparticles in
diagnosis and treatment of neurological diseases.

advantages, such as: small size (1-200nm), high sta-
bility, biocompatibility and the ability to selectively
bind with specific biological molecules and act as
drug carriers3.

The aim of the current review study is to present
the main applications and the role of nanomedicine
in diagnosis and treatment of neurological diseas-
es. More specific, the article is focused on the use of
nanoparticles as contrast agents in Magnetic Reso-
nance Imaging (MRI), CT (Computed Tomography)
and photoacoustic imaging as well as on the use of
nanoparticles as drug carriers in neurology.

2. Materials and Methods

A thorough literature search was conducted using
the database PubMed for studies published the

*Corresponding Author: E. P. Efstathopoulos, Professor, Medical School, National and Kapodistrian University
of Athens, 1, Rimini Str, 124 62 Haidari, Athens, Greece, Tel: +302105831818, E-mail: stathise@med.uoa.gr
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last decade with the following keywords: [nano-
medicine or nanotechnology or nanoparticles or
nano-contrast agents or nanocarriers] and [neu-
rology or central nervous system diseases (CNS)].

3. Results, Discussion, Conclusion

In the field of neuroimaging, the literature search
revealed that nanoparticles have been successfully
used as contrast agents in clinical MRI studies and
in preclinical CT and photoacoustic applications.
The most popular nano-contrast agents for MRI are
iron oxide nanoparticles (IONs). IONs display ideal
properties required for MRI contrast agents as they
have a prolonged blood residence time and can be
used even in patients with chronic renal failure*s. A
clinical study conducted by Tourdias et al.® for the
evaluation of disease activity in multiple sclerosis
showed that IONs-enhanced MRI help to identify
additional lesions compared to gadolinium contrast
agent. Moreover, relevant studies demonstrated that
IONs improve the visualization of amyloid plaque
and CNS inflammations and enhance the contrast
in brain tumors?. Concerning CT and photoacoustic
imaging, gold nanoparticles (AuNPs) are the most
commonly used nano-contrast agents. Kim et al. re-
vealed that Fibrin-target AuNs allow the prompt de-
tection and quantification of cerebral thrombi using
micro CT’ whereas photoacoustic imaging in com-
bination with PEG-AuNs improves the visualization
of brain vasculature structure®. As presented in re-
cent literature, nano-contrast agents in MRI, CT and
photoacoustic imaging enables detailed diagnosis of
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neurological diseases at molecular and cellular lev-
el therefore leading to a significant improvement in
the diagnostic accuracy of the aforementioned tech-
niques*’.

In the treatment of neurological diseases, the
most challenge issue is drug transport through
the blood-brain barrier (BBB). According to sev-
eral studies, various types of nanoparticles can
be used as nanocarriers for target drug delivery,
especially after being activated by specific lig-
ands!'®!l, Due to their small size, nanoparticles
cross the BBB and seem to permit a more effective
and target-oriented treatment compared to tra-
ditional drug delivery systems. Liu et al. showed
that B6 peptide-modified PEG-PLA nanoparticles
enhance drug uptake across the BBB for the treat-
ment of Alzheimer disease!?. In a research study
for the treatment of Parkinson’s in rats, Pahuja et
al., found that dopamine-loaded PGLA nanopar-
ticles increase dopamine level and reduce dopa-
mine-D2 supersensibility!®. Additional, a similar
study, demonstrated that the use of poly(butyl
cyanoacrylate) nanoparticles provides significant
reduction of the basic symptoms of Parkinson (ol-
igokinesia, rigidity, tremor)**.

Nanoparticles seem to be promising agents for
the management of several neurological diseases
while at the same time their use is getting signif-
icant attention in the field of theranostics!>. How-
ever, a detailed understanding of the nanotoxicity
mechanisms and ethical issues still remain a chal-
lenge for the establishment of nanoparticles in
clinical neurology. O

3. Saraiva C., Praca C., Ferreira R, Santos T, Ferrei-
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drug delivery: Overcoming blood-brain barrier
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Extended Abstract

The use of lyotropic liquid crystals is an innovative ap-
proach towards the development of therapeutic nano-
systems delivering agents, such as drugs, proteins and
nucleic acids. Lyotropic liquid crystals are formed via
the dispersion of amphiphilic molecules to the water.
Regarding of their water concentration and the tem-
perature, amphiphilic molecules are self-assembled to
different mesophases, such as micelles, lamellar, hex-
agonal and cubic structures (Figure 1), while the hy-
drophobic and lyotropic effects affect the formation of
lyotropic liquid crystals in a hierarchical manner. Thus
the curvature of the structures is driven by the con-
centration of the biomaterials used for the formation
of the liquid crystalline state of matter. As a result, ly-
otropic liquid crystals present great structural variety
and internal organization, providing different kinds of
applications at the field of therapeutic nanotechnology.

All above mesophases can be exploited to develop
different kinds of vehicles that are all categorized at
liquid crystalline nanosystems (Figure 1). Cubosomes
and hexosomes are classified at the non-lamellar ones
and are of the most promising drug delivery nano-
systems. They present many advantages, including
nanostructural versatility, compatibility, digestibility,
tunable morphological characteristics, as well as the
capability of solubilizing and sustaining the release of
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Figure 1: Structural configuration of self-assembled
systems and corresponding cryo-transmission elec-
tron microscopy images showing morphology of dis-
persed nanostructured particles. (Adapted from X.
Mulet et al, Journal of Colloid and Interface Science
2013;393:1-20)

amphiphilic, hydrophobic and hydrophilic agents2
More specifically, the cubic phases are classified into
two different nanostructures of either bicontinuous

*Corresponding Author: Costas Demetzos, E-mail: demetzos@pharm.uoa.gr
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(V2) or discontinuous (I2) water compartments. The
bicontinuous cubic (V2) phase is a complex structure,
consisted of a 3D network, separating two distinct, con-
tinuous but nonintersecting, hydrophilic sections. Three
types of bicontinuous cubic phases with different space
groups have been identified in various lipid systems,
named as Im3m (primitive type), Pn3m (double-di-
amond type) and [a3d (gyroid type) assemblies. The
discontinuous cubic (I12) phase of the symmetry Fd3m
consists of two different quasispherical close-packed
micelles in a 3D cubic lattice. Regarding of the inverse
hexagonal (H2) phase, it is a 2D structure consisting
of water-filled cylindrical rods (hydrophilic nanochan-
nels), embedded in a continuous hydrophobic medium.

Glyceryl monooleate (GMO, 2,3-dihydroxypro-
pyl oleate), phytantriol (PT, 3,7,11,15-tetrame-
thyl-1,2,3-hexadecanetriol) and other lipids, such
as phospholipids, are proved to form cubic and
hexagonal phase under specificate conditions of
water concentration and temperature. Followed
by the addition of stabilizers, such as Pluronic co-
polymers, stable colloidal dispersions, cubosomes
and hexosomes respectively, are formed. There are
two commonly used preparation methods, being
referred at the literature, named top-down and bot-
tom-up techniques'3.
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The scope of our study is to investigate the optimal
liquid crystalline nanosystem formulation, depending
on its future loaded agent and its future target. Differ-
ent combinations of functional biomaterials (lipids
or stabilizers) will upgrade the conventional formu-
lations of liquid crystalline nanosystems to advanced
nanosystems.

The physicochemical (size, size distribution and
(-potential), morphological and thermotropic charac-
teristics of the prepared nanosystems should be eval-
uated. There is a variety of imaging techniques that
can be used to characterize the morphology, as well
as the internal structure. While lyotropic liquid crys-
tals undergo structural polymorphism, the influence
of the environmental conditions, such as temperature,
should also be studied and their biophysical behavior
be highlighted. Subsequently to the above characteri-
zation process, when therapeutic agents are loaded to
the liquid crystalline nanosystems, the carrier should
also be re-characterized, in order to confirm any pos-
sible alterations being caused by the loaded agent'.

In conclusion, non-lamellar liquid crystalline nano-
systems are considered to be a well promising catego-
ry of therapeutic nanosystems that can be transformed
to advanced drug delivery nanosystems by the proper
biomaterial modification. (I
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3. Karami Zahra and Hamidi Mehrdad. Cubosomes:

remarkable drug delivery potential. Drug Discov.
Today. 21,789-801, 2016.
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(*) The above study is carried out during the PhD studies, under the supervision of Costas Demetzos (Professor,
Department of Pharmacy, National and Kapodistrian University of Athens), Stergios Pispas (Director of Research,
Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation) and Nektarios Tavernarakis
(Chairman of Foundation for Research and Technology -Hellas, Director of Research, Institute of Molecular Biolo-
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Extended Abstract

Liposomes are defined as nanosized vesicles com-
posed of amphiphilic molecules that are able to
self-assemble in water forming lipid bilayers. Li-
posomes can consist of one or more lipid bilay-
ers, where the polar head groups are exposed to
water, interacting with the aqueous environment.
They can incorporate both hydrophilic and lipo-
philic bioactive molecules, which are entrapped in
their aqueous core or added to the bilayer. Liposo-
mal nanomedicines can be used in the treatment of
many diseases, like cancer, since liposome encap-
sulation of drugs can reduce toxicity and increase
the efficacy.! However, one of the main problems
of their application is that when they enter in the
bloodstream, they are recognized from the mac-
rophage-phagocyte system and as a result they are
opsonized leading to side effects.?

Moreover, when proteins bound to the liposomes,
they alter the physicochemical properties of li-
posomes, such as size and surface charge and con-
sequently biodistribution and clearance are also
affected.

Thus, the aim of the present study is to investi-
gate the effects of serum proteins on the physic-
ochemical characteristics of liposomes as well as
the role of lipid composition and concentration in
the interactions between serum proteins and lipos-
omes. In this study, different liposomal formulations
were made using neutral and charged phospholip-
ids, cholesterol and polyethylene glycol (PEG)-lipid
conjugates. Multilamellar vesicles (MLVs) were

produced by the thin-film hydration method and
they were sonicated resulting in the production of
Small unilamellar liposomes (SUVs). To determine
their physical stability, liposomes were dispersed
in HPLC-grade water and their size, size distribu-
tion and zeta-potential were measured for a time
period of 28 days with dynamic and electrophoret-
ic light scattering.

The same physicochemical parameters were
measured for liposomes after they were dispersed
in Fetal bovine serum in order to see how Bovine
serum albumin interacts with liposomes with dif-
ferent ways (i.e. electrostatically, etc.). Our results
show that liposomes formulated only by phospho-
lipids were not thermodynamically stable over
time and aggregation phenomena induced by se-
rum proteins was observed. On the contrary, nega-
tively charged liposomes containing cholesterol and
PEGylated liposomes exhibited stealth properties
preventing protein binding due to the electrostatic
and steric repulsive forces. In addition, the incorpora-
tion of cholesterol to all above liposomes confer sta-
bility due to the cholesterol-induced formation of or-
dered membranes.?

In this paper, we propose a new factor named
Fraction of stealthness (Fs) for evaluating the ex-
tent of protein binding and how concentration
changes affect the protein adsorption. Fraction of
stealthness is based on size changes of liposomes
before and after incubation in serum and it can
have values between 0, extensive protein binding,
and approximately 1, stealth liposomes. The nega-
tive charged and the polyethylene glycol coated li-
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posomes have stealth properties since our results
showed that Fs is close to 1.

Finally, the slopes (a) of equations of Fs versus li-
pid concentration indicate that there is a concen-
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Abstract

Chimeric/mixed nanosystems are the next step energetic pathway followed during self-assembly,
on the road to develop “smart” medicines, by according to the properties and contained infor-
integrating different classes of biomaterials to mation of these molecules. Intermediate phases
overcome drug delivery limitations. In the pres- (i.e. metastable) seem also to play a role in the fi-
ent study, an approach on the formation and func-  nal morphologies to be obtained. Such approach-
tionality of chimeric nanosystems is suggested, es might contribute to our understanding the
which is based on the information/entropy rela- mechanisms of nature, while leading us one step
tionship. The combination of nanomaterials leads  closer to producing more effective and safe drug
to system complexity and consequently, alters the  delivery systems.

KEYWORDS: Chimeric nanosystems; Biomaterials; Self-assembly; Information/entropy

Introduction als e.g. lipids and polymers, are promising candi-
dates for achieving targeted delivery of drugs, by-
Pharmaceutical Nanotechnology is a multidiscipli-  passing the hurdles generated by the physiological

nary field that combines knowledge from several =~ complexity that conventional ones fail to achieve.
other scientific fields to deliver efficient and safe  First-generation DDnSs and especially liposomes,
therapeutic applications. Among the latter, one of = which have long been on the market, were of the
the most promising is drug delivery nanosystems  simplest composition, most containing a single

(DDnSs), including e.g. liposomes and polymer-  class of biomaterials e.g. one or two phospholipids,
somes. In addition, chimeric/mixed nanosystems,  cholesterol and PEG-lipids? This has served so far
which combine more than one class of biomateri-  concerning development control and easy scale-

*Corresponding Author: Costas Demetzos, E-mail: demetzos@pharm.uoa.gr
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up of these formulations, which are prerequisites
for pre-clinical and clinical success. The various
phospholipids utilized for liposome preparation
are similar in chemical structure and properties
and for this reason they behave similarly in terms
of self-assembly and match with each other. How-
ever, these products are not considered as “smart”
or “intelligent” and their fate is determined by the
physiological complexity and diversity. In order
to potentiate completely guided drug delivery, we
need to move on to more sophisticated “recipes”,
such as chimeric advanced delivery nanosystems
(chi-aDDnSs), composed of more than one class of
biomaterials, which brings us closer to the complex
composition of biological systems>*.

Self-assembly

Concerning self-assembly, it is a term that de-
scribes spontaneous processes, wherein disor-
ganized systems of molecules or other nanoenti-
ties are driven to organized structures or patterns,
via their local physical interactions with each oth-
er and final minimization of the system free ener-
gy, by minimizing repulsive and maximizing attrac-
tive forces. This irregular-to-regular arrangements
transition is primarily enthalpy-driven, but can in
some cases be entropy-driven. Self-assembly is ex-
plained by statistical thermodynamics and in par-
ticular by the second law of thermodynamics and
the Gibbs free energy equation, which predicts if
a given process is going to happen spontaneous-
ly or not:

AGSA = AHSA - TASSA (1)

If the free energy transition AGSA, where SA
stands for self-assembly is negative, then the pro-
cess will occur spontaneously. In order for that to
happen, the transition enthalpy will have to be suf-
ficiently negative, compared with the transition en-
tropy. The first is determined the intermolecular
forces and potential energy between the assem-
bling molecules, while the second represents the
ordered/hierarchical arrangement of structures.
Generally, entropy must decrease for the self-as-
sembly to be driven, however this transition var-
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ies amongst different systems of biomaterials. Fi-
nally, in such systems, conservation of energy and
the firstlaw of thermodynamics apply only if some-
one considers the whole thermodynamic system
e.g. colloidal. However, inside that, interactions, en-
ergy and even mass exchanges between the indi-
vidual structures continue to occur after thermo-
dynamic stability has been achieved. For examples,
the formation of thermodynamically stable aggre-
gates from thermodynamically less stable mol-
ecules or supramolecular complexes (e.g. lipos-
omes) is of high hierarchical selection®.

Biomaterials

Synthetic biomembranes are simple, making their
development control easy to handle. However
physiological membranes are way more complex,
containing many classes of biomaterials e.g. lipids,
polysaccharides and peptides, which somehow na-
ture has managed to organize during the first steps
of life*¢. The higher the system complexity, the
higher the number of informational pathways that
interact to produce a specific information-entropy
balance of the system. However, when attempting
to achieve the production of complex membranes
on bench, we end up in total failure, because of a
plethora of reasons, associated for example with
molecular dynamics, metastable phases and phase
separation in such systems’.

Molecules contain certain information, which is
defined by properties like their chemical structure,
conformation, molecular weight etc. When mixing
different biomaterials, the deviation of informa-
tional content between them means mismatch of
their physical properties and resulting surfaces,
which defines their intermixing and final self-as-
sembly into structures, through a thermodynam-
ic process. This informational gap then defines the
transition enthalpy, related with the intermolec-
ular interactions, as well as the transition entro-
py, associated with the degree of order of arranged
structures®. Hence, the system of self-assembled
structures where free energy will be minimum is
directly linked with the initial information, which
defines the final energetic content and degree of
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order of the system, which in turn compose its en-
ergy-entropy or information-entropy balance.

A part of our laboratory research, regards the pa-
rameters that govern the self-assembly process in
nanocolloidal systems and especially chimeric li-
posomes. A study utilizing cryo-transmission elec-
tron microscopy (cryo-TEM) highlighted/pointed
out the role of the biomaterial e.g. block copoly-
mer properties on the lyotropism, morphogenesis
of new nanomorphologies and as a result, on the
biological stability and effectiveness of these sys-
tems®. Moreover, biophysics and thermodynamics
are used in our research in order to expand our
knowledge on the behavior of complex nanosys-
tems that are able to deliver drug into pathological
tissues®. Herein, we explain how the information/
entropy balance is defined in a chimeric nanosys-
tem, how it affects the thermodynamic process of
self-assembly of different in nature biomaterials
into various structures, what its physical meaning
is and what the biophysical outcomes of this rela-
tionship are.

Energy and Information

In 1956, Léon Nicolas Brillouin came up with the

formula'®:
Kzln2(J/K) (2)

This represents the amount of entropy the sys-
tem must decrease by to obtain 1bit of informa-
tion, where KB = 1.38 x 10-23 is the Boltzmann
constant.

In 1948, Claude Shannon defined the entropy H
(from Boltzmann’s H-theorem) of a discrete ran-
dom variable X with possible values {x1, X2 ..., xn}
and probability mass function p(x) as'®:

HX) = — X1 p(x)logpp(x;) (3)
Where b is the base of the logarithm used and the
common value of b is 2. The theory solved the prob-
lem of quantitative metrics in information.
Finally, in 2013, Chan and Jian, based on Ludwig
Boltzmann, proposed that the link between infor-
mation and entropy can be given as'?:

LIoXE®
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Figure 1: Lyotropism affects the biophysics of chimer-
ic drug delivery nanosystems by promoting structural
polymorphism, due to the incorporation of the poly-
meric guest into the lipid bilayers of the nanosystem.
The complexity of chimeric drug delivery nanosystems
arises from the combination of different in nature bi-
omaterials, i.e. phospholipids and polymers, resulting
in better functionality and effectiveness of advanced
drug delivery nanoplatforms [Adapted from ref. 16]

In their effort to develop sustainable energy sys-
tem, laying down the general guidelines for the in-
tegration of Energy and Information.

The Information/Entropy Balance in Chimeric
Drug Delivery Nanosystems

Entropy and information are directly related terms ac-
cording to the Shannon published workin 1948 on the
Mathematical Theory of Communication'. Information
theory is connected to the entropy and functionality of
chimeric nanostructures. Biomaterial information and
relative molar balance profoundly affect the statistics
of the organization process and as a result, the hier-
archical selection of formed biostructures, where in-
termediate phases of structural polymorphism can be
found. Any changes in entropy, which means changes
in the heat content of the nanosystem, could be consid-
ered as the driving force for altering the micro-organ-
ization process of the morphology and the structural
dynamics and asymmetry of the nanosystem and con-
sequently, its macroscopic structure.

We can disorganize a system by applying heat or
by withdrawing information. Information/entro-
py balance could serve as a tool to tune the devel-
opment of nanosystems, where the self-assembly
of such biomembranes mimics mechanisms occur-
ring in nature.
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In the case of lyotropic liquid crystals the con-
centration could be considered as the “structural
composer” that adds or remove heat by using the
hydrophobic forces as the main instrument, affects
the micro-organization of the nanosystem and pro-
duces different morphologies. Because informa-
tion has similar behavior as energy, it is involved
in the self-assembly process of nanosystems and
promotes different in morphology structures, in a
well-defined hierarchical morphological cascade.

The lyotropism of biomaterials, mainly concen-
tration, defines the self-assembly of structures,
wherein information and entropy are hidden ele-
ments and their balance affects the biophysics of
nanocarriers and as a result, their final biological
effectiveness (Figure 1).

The energy-entropy balance, which is related to
the information-entropy balance, is present in the
self-assembly process and depending on where it
leans, different supramolecular structures are pro-
duced, based on the hierarchical selection of struc-
tures, as defined by the system. The balance is also
present in the final structures and in their colloi-
dal system generally, where the free energy mini-
mum has been achieved and thermodynamic bal-
ance/steady state exists, according to statistical
thermodynamics.

There, it has been translated into structural con-
formation and polymorphism, where certain sys-
tems are more homogeneous, containing simple
and ordered structures e.g. vesicles, while oth-
ers are more heterogeneous, containing various
and deviant between them structures e.g. vesicles,
worms and their intermediate phases. The latter
could be considered the disordered product of a
more entropic process, where nevertheless, equi-
librium has been achieved. Of course, there is also
nanothermodynamics, which is non-statistical and
is present on the nanoscale structures’ interface
with the aqueous medium, producing membrane
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effects, such as molecule lateral diffusion and
phase separation even after macroscopic equilib-
rium has occurred?s.

Conclusions

As far as we are concerned, this is the first time that
an approach to drug delivery nanosystems based
on these theories is proposed. Nowadays, more
than ever, it is believed that the understanding of
self-assembly, by integration of various scientific
concepts, will assist us in understanding nature’s
function and the creation of life itself51415,

This can only be accomplished if we comprehend
the individual biomaterial properties, along with
the lyotropic effect, mainly the concentration of the
used biomaterials, which determine the informa-
tional/entropic balance and the pathway to be fol-
lowed during the self-assembly of biomaterials and
the degree of arising structural polymorphism.

Biophysics and Thermodynamics are the scien-
tific blocks on which drug delivery nanosystems
are built, while the metastable phases play a key
role in the biophysical behavior of nanocarriers.
Information defines biophysics, where metasta-
ble phases play a key role, while entropy is associ-
ated with system thermodynamics, as introduced
in the second law of thermodynamics. By combin-
ing these scientific blocks, we can build innovative
drug delivery nanosystems with such complexity
that promotes functionality and effectiveness. The
information/entropy balance of a nanosystem de-
termines the decision that follows hierarchical cri-
teria for the production of “living morphologies”,
regarding the kinetic and thermodynamic stability.
Those are able to promote processes within phos-
pholipid bilayers i.e. the rate of the release of the
drug, which is a process that corresponds to the
pharmacokinetic profile of the medicine and con-
sequently, to its effectiveness. O
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Abstract

Gold nanoparticles are still to the forefront
of cancer research due to their ability to act
both as radiosensitizers and photothermal
sensitizing agents. The rapid development of
the nanotechnology boosts the growth of a wide
variety of gold nanoparticles regarding the shape

(nanoshells, nanorods, nanocages etc), the size
and the surface functionalization. Here, we review
some of the recent advances on the use of gold
nanoparticles in radiotherapy and in photothermal
therapy and the different approaches which have
been followed in vitro and in vivo.

KEYWORDS: Gold nanoparticles; Photothermal therapy; radiotherapy

1. Introduction

A number of research works are published on differ-
ent types of gold nanoparticles and their applications
intargeted cancer therapy radiotherapy and in photo-
thermal treatment!®. Gold nanoparticles (AuNPs) are
promising radiosensitizers since they can increase tu-
mor’s susceptibility to radiation. High atomic number
(Z) materials as gold have the ability to absorb more
energy per unit mass than low-Z materials such as wa-
ter or soft tissues and therefore can enhance the ef-
ficacy in radiotherapy®. Besides, their excellent elec-
tronic properties, AuNPs provides unique optical
properties. AuNPs can strongly interact with light and
convert the energy of the electromagnetic radiation

into heat via a non-irradiation process causing pho-
tothermal ablation of tissues. At a specific light wave-
length, the electrons of their gold surface can resonate
with the electromagnetic field causing a phenomenon
called surface plasmon resonance (SPR) which results
in strong extinction of light.

Their good biocompatibility with biological macro-
molecules (e.g amino acids, proteins, DNA) and their
easy-surface functionalization make them very prom-
ising probes in drug delivery, radiotherapy (RT) and
photothermal therapy (PTT). However, there are still
several extra-and intracellular barriers which need to
overcome so as to move from bench to bedside. The size,
the concentration, the shape, the surface-functionaliza-
tion of the AuNPs are critical parameters for their suc-

*Corresponding Author: Spyratou Ellas, E-mail: spyratouellas@gmail.com
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cessful accumulation in their tumour tissue, the cell
surface binding, the cellular uptake and the subcellu-
lar targeting to organelles such as nuclei or mitochn-
odria’. These parameters are combined with the irra-
diation conditions such as the energy of radiation (e.g
protons, kVp photons and MV photons), the irradiation
dose and time, the laser intensity and pulse duration.
Thus, many different strategies have been developed to
succeed efficient cancer cells damage, to limit the side
effects and to improve the effectiveness of RT and PTT.

2. The use of gold nanoparticles in cancer therapy
2.1 The combination of gold nanoparticels with
radiotherapy.

Several in vivo and in vitro preclinical studies have been
conducted regarding the applications of gold nanopar-
ticles in radiation therapy, including a range of differ-
ent external beam radiations types, including kilovolt-
age (kV) and megavoltage (MV) photons, MeV electrons
and heavy charged particles®'°. However, local failure af-
ter irradiation remains a challenge due to the intrinsic
resistance of tumour cells to radiation associated main-
ly with proteins upregulations*.

Integrin receptor « 3, has associated with tissue ra-
dioresistance through the upregulation of integrin ex-
pression by radiation. Argine (R)-glycine (G)-aspartate
(D) (RGD) is an effective peptide existed in many extra-
cellular matrix proteins which can interact with inte-
grin receptors avf33 at focal adhesion points. Gold na-
norods functionalized with RGD peptide show a dose
enhancement in radiotherapy of melanoma in cancer
cells'>. RGB-GNRs (length 44.4 + 4.7 nm, width 15.1 + 1.7
nm) under 6 MV irradiation at 4 Gy enhance remarkably
the radiosensitivity of cells with a dose modifying fac-
tor of 1.35, and enhanced radiation-induced apoptosis.
Gold nanospheres conjugated with tumor necrosis Fac-
tor-a (size 27 nm) combined with single or fractionat-
ed high-dose radiation therapy have reduced effectively
the tumor interstitial fluid pressure (IFT) in 4T1 murine
breast tumour model*3.

2.2 The combination of gold nanoparticels with pho-
tothermal therapy.

The PTT is a biophotonic modality for cancer treat-
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ment with minimal invasiveness which attracted
new interest due to its combination with function-
alized nanoparticles.

Gold nanospheres coated with tumor necrosis fac-
tor-alpha (Au-TNF) and heated by nanosecond la-
ser pulses at 690 nm and with energy fluence 0.5 ]/
cm?2 reveal high therapeutic efficiency against mu-
rine carcinoma’®. The Au-TNF conjugates were in-
itially designed to act as drug delivery vehicles to
target the solid tumors via enhanced permeabili-
ty and retention and are already in phase | humans
in trial as nanodrugs. However, the photothermal
activation of Au-TNF depending on laser parame-
ters (e.g., wavelength, energy, and pulse width) can
lead to single or multi dynamic phenomena such
as temperature increase, thermal expansion, ex-
plosion and fragmentation, formation of acoustic
waves, nanobubbles and microbubbles'*. This syn-
ergetic action can open new avenues to the clinical
cancer treatment.

Anti-EGFR-conjugated gold nanorods (antiEG-
FR-GN) under near infrared irradiation at 820 nm
and 1.5 W/cm2 for 3 min, exerted synergetic an-
ti-proliferative and apoptotic actions through up-
regulation of HS70 protein and cleaved caspase-3,
downregulation of Ki-67 and EGFR, and inhibition
of several intracellular signaling molecules (mTOR,
AKT, ERK1/2 and FAK)*®.

Recently, gold nanoshells camouflaged with mac-
rophage cell membrane (MPCM) relieve improved
tumoritropic accumulation by recognizing tumor
endothelium. MPCM-AuNss achieved high efficien-
cy to suppress tumor growth in mice and selective-
ly ablate cancerous cells under laser irradiation of
the tumour area at 808 nm and at 1 W/cm? for 5
min’e,

Conclusions

The gold nanoparticles demonstrate to have a mul-
timode role in PTT and RT as photothermal and
radiosensitizers agents and also as nanodrugs.
However, there is still plenty research ground for
studying their potential applications in order to
overcome the limitations for their successful en-
trance in the clinical praxis. O



®APMAKEYTIKH, 2017 HMEPIAA NANOTEXNOAOT'TAZ ETIXZ EINIXTHMEZX YTEIAX

PHARMAKEFTIKI, 2017 SYMPOSIUM ON NANOTECHNOLOGY IN HEALTH SCIENCE

References

Khoshgard K., Hashemi B., Arbabi A., Rasaee
M.]., Soleimani M. Radiosensitization effect of
folate-conjugated gold nanoparticles on hela
cancer cells under orthovoltage superficial
radiotherapy techniques. Phys. Med. Biol. 59,
2249-2263,2014.

Rostami A., Toossi M.T., Sazgarnia A., Soley-
manifard S. The effect of glucose-coated gold
nanoparticles on radiation bystander effect
induced in mcf-7 and qudb cell lines. Radiat.
Environ. Biophys. 55, 461-466, 2016.
Chattopadhyay N., Cai Z., Kwon Y.L., Lechtman
E., Pignol ]J.P, Reilly R.M. Molecularly targeted
gold nanoparticles enhance the radiation re-
sponse of breast cancer cells and tumor xeno-
grafts to x-radiation. Breast Cancer Res. Treat.
137,81-91, 2013.

Ali M.R,, Ibrahim M., Ali H.R,, Selim S.A., El-
Sayed M.A. Treatment of natural mammary
gland tumors in canines and felines using gold
nanorods-assisted plasmonic photothermal
therapy to induce tumor apoptosis. Int. /. Na-
nomed. 11, 4849-4863, 2016.

Yin D,, Li X,, Ma Y,, Liu Z. Targeted cancer im-
aging and photothermal therapy via mono-
saccharide-imprinted gold nanorods. Chem.
Comm. 53,6716-6719, 2017.

Rosa S., Connolly C., Schettino G., Butterworth
K.T.,, Prise K.M. Biological mechanisms of gold
nanoparticle radiosensitization. Cancer Nano-
technology 8, 2, 2017.

Kodiha M., Wang Y.M., Hutter E., Maysinger D.,
Stochaj U. Off to the organelles - killing cancer
cells with targeted gold nanoparticles. Thera-
nostics 5,357-370, 2015.

Hainfeld ].F,, Slatkin D.N., Smilowitz H.M. The
use of gold nanoparticles to enhance radio-
therapy in mice. Phys. Med. Biol. 49, N309-315,
2004.

Berbeco R.I, Korideck H., Ngwa W., Kumar R,
Patel ], Sridhar S., Johnson S., Price B.D., Kim-
melman A., Makrigiorgos G.M. DNA damage en-
hancement from gold nanoparticles for clinical

10.

11.

12.

13.

14.

15.

16.

mv photon beams. Radiat. Res. 178, 2012.
Wolfe T, Chatterjee D., Lee ]., Grant ].D., Bhat-
tarai S., Tailor R., Goodrich G., Nicolucci P, Kr-
ishnan S. Targeted gold nanoparticles enhance
sensitization of prostate tumors to megavolt-
age radiation therapy in vivo. Nanomedicine
11,1277-1283, 2015.

Min K.H, Kim Y.H, Wang Z., Kim J., Kim ].S, Kim
S.H, Kim K., Kwon I.C, Kiesewetter D.O, Chen
X. Engineered Zn(II)-Dipicolylamine-Gold
Nanorod Provides Effective Prostate Cancer
Treatment by Combining siRNA Delivery and
Photothermal Therapy. Theranostics. 7(17),
4240-4254,2017.

Xu W, Luo T, Li, P, Zhou, C., Cui D., Pang, B,,
Ren Q., Fu S. RGD-conjugated gold nanorods
induce radiosensitization in melanoma cancer
cells by downregulating avB3 expression. Int.
J. Nanomed. 7, 915-924, 2012.

Koonce N.A., Quick C.M., Hardee M.E., Jamshi-
di-Parsian A., Dent J.A., Paciotti G.F,, Nedose-
kin D., Dings R.P, Griffin R.J. Combination of
gold nanoparticle-conjugated tumor necrosis
factor-alpha and radiation therapy results in a
synergistic antitumor response in murine car-
cinoma models. Int. J. Radiat. Oncol. Biol. Phys.
93, 588-596, 2015.

Shao J., Griffin R.J.,, Galanzh, E.I, Kim J.W,
Koonce N., Webbe, J., Mustafa T., Biris A.S., Ne-
dosekin D.A., Zharov V.P. Photothermal nano-
drugs: Potential of tnf-gold nanospheres for
cancer theranostics. Scientific reports 3, 1293,
2013.

Zhang M., Kim H.S, Jin T., Woo ]., Piao Y],
Moon W.K. Near-infrared photothermal ther-
apy using anti-EGFR-gold nanorod conjugates
for triple negative breast cancer. Oncotarget
8:86566-86575, 2017.

Xuan M., Shao J., Dai L., Li]., He Q. Macrophage
cell membrane camouflaged au nanoshells
for in vivo prolonged circulation life and en-
hanced cancer photothermal therapy. ACS
Appl. Mat. Interfaces. 8,9610-9618, 2016.

85



HMEPIAA NANOTEXNOAOT'TAX XTIX EINIXTHMEZX YTEIAX ®APMAKEYTIKH, 2017

SYMPOSIUM ON NANOTECHNOLOGY IN HEALTH SCIENCE PHARMAKEFTIKI, 2017

EKAHAQZXEIX | MEETINGS

20-23 SEPTEMBER 2017 RIMIN]J, ITALY

17th International Conference on Recent Developments in Pharmaceutical Analysis (RDPA2017)

http://www.rdpa2017.com/index.html

27-28 NOVEMBER 2017 BERLIN, GERMANY
2nd World Congress on Clinical Trials in Diabetes (WCTD2017)

http://www.wctd2017.com/default.aspx

2-6 SEPTEMBER 2018 LJUBLJANA, SLOVENIA
XXV EFMC International Symposium on Medicinal Chemistry (EFMC-ISMC 2018)

http://www.efmc.info/infos.php?langue=english&cle_menus=1201086269&cle_
data=1453388474&cle_summary=1113380777&I]_ month=09&I year=2018

16-20 SEPTEMBER 2018 THESSALONIKI, GREECE

22nd European Symposium on Quantitative Structure-Activity Relationship

http://euroqsar2018.org/

20-21 TANOYAPIOY 2018 METAPO AIEONEX XYNEAPIAKO KENTPO AOHNQN, AOGHNA

9N Ampepida + 'ExBeon EMNIXEIPHMATIKOTHTA kot ETTIKOINQNIA YTEIAY
-20 ETtiompovikd Zuvédplo dapuakeutiknc Ppovtidag

http://www.pharmamanage.gr

17-18 MAPTIOY 2018 ZAIITIEIO METAPON, AOHNA
DYO Forum 2018

L A L
24-26 MAY, 2018 TITANIA HOTEL, ATHENS, GREEECE

EUFEPS Annual Meeting 2018
http://www.eufepsannualmeeting2018.org/

86



since 1982
FORUM YTEIAX. /015

1Y+ ] TATPOOH | FEIAL MOPOIA

=
piaTean | Vran

ZIta., 5&
0B

Ano to 6papa
OTNV NPAYHATIKOTNTA...

+ Aopydvwan guvedpiwy, ekBEoewy,
MOATIOTIKWY eKONAWOEWY
Kat taflbiwv KIvATpwy
~ Awaxeipion atplkwv etatpelwy
KaL 0pyaviopwy
+ Website kat Hhektpoviko Marketing
~ Emotnpovikee Exkbooelg
~ Xopnyieg
+ [pagiotiko - Anpioupyiko
- [pappaterakn Ynootmpien
+ Touptopdg Yyeiag
~ Noookopelako Marketing
~ Tpageio Tonou

LETRINA S.A
k- €3 150 9001 _J

L ogudtonye www.zita-group.com e
€ 1stkm Peanias-Markopoulou Av. 19002 Peania, Attica, Greece - 3

Z1ta.. O Tel 430211 1001780, Fax: +30 210 6642116
Q infn'ﬁzilmnmﬂ.g{. hﬂn@:ﬁhmwm
Followus |3 4 i Linked [T} {;Tuuf,



MI-\PTIOY
ZANNEION METAPO

FORUM YTEIA2. 2018

‘080 IATPOOH| TEIA| MOPOIA

To peyalutepo Awadpaotikd, Emotnpoviko ka EkOeotako
Forum ¢ xpoviac yia v dtatpo@n, uyEia kol opop@La

Avoiyoupe tnv Yyeia
otnv Kowvwvia!

www.dyoforum.gr

AIOPTANQXH = =) e an
: : + %?J?_T ZITA &0
20 Emotnpovikéc Evapeiec L

Fepacipo¢ Kovhovpmn¢, Epmopika¢ ArevBuvric ZITA GROUP
TnA.:+302111001 780, Dag: +30 210 6642116, E-mail: g.kouloumpis@zita-management.com



