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The reseurch project HEALTH cimed to
develop u platform for hovel multifunctional
nunopurticles (NPs) for use in:
the targeted delivery of uctive substunces
for the treatment of severe und chronic
diseuses by various upplicution routes
nunodiughostics - the NPs uct us contrust
mediu for clinicul imayging via mugnetic

In the duyeiny populution of Europeun soci-
ety, there dre high expectutions for better
quulity of life, for which un important factor
is improved, more efficient und dafforduble
heulth care. Society is confronted with severe
illnesses such us cardiovuscular problems,
diubetes, cuncer, und inflummutory aund in-
fectious diseuses. Focussed oh these medicul

resonunce imuyging (MRI), and viu hucleur
imuying by PET/SPECT

clinical upplications, including the improved
detection of utherosclerotic vuscular le-
sions, stem cell frackiny, us well us cuncer
diagnhosis und treutment

toxicoloyical studies of hano-

structured muteridls

problems, nanotechnoloyy offers impressive
solutions. The use of NPs for early diagnhosis,
imayging und ‘smart’ druy delivery systems
("Nunhocuarygo”) ensures better and personal-
ized heulth care.

The HEALTH project dimed to develop
new generations of NPs for diagnosis, imaging
and drug delivery.

Within the project, a toolbox of nine multifunctional NPs was developed

l.a Sterically stabilized liposomes

Stericully stabilized liposomes were desighed
as druy delivery systems for the pulmonary
upplication of vusouctive intestinul peptide
(VIP). A high loading efficiency of VIP into li-
posomes wus uchieved, und the stubility of
the drug-in-lunyg surfactants was remarkably
improved.

The formulations showed ho toxicity ut thera-
peuticully relevaunt concentrations. In a pul-
monary dartery model, we uchieved sustained
releuse und u prolonged vusoreluxation pro-
file for liposome-ussociuted VIP.

l.b Magnetic liposomes

Stericdlly stabilized, fluorescent-labelled muy-
netic liposomes contuining u high ‘puyloud’ of
ultrasmall superpuramagnetic iron oxide NPs
(USPIOs) were desighed, synthesized und char-
acterized. The fluorescent lubeling enubled us
to visudlize the nunoconstructs by both magnet-
ic resonunce imuying (MRI) and fluorescence
imaying. The biodistribution of the particles in
the orguns of mice und rubbits wus studied by
MRI. Confocul l[user-scunning microscopy wus
used for ex vivo imayinyg studies in mice. No
toxicity was found for the magnetic liposomes.
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l.c Targeted liposomes

Targeting sequences such us interleukin-10
(IL-10) were covulently coupled fo stericully
stabilized liposomes in order to specificully
recoghize dtherosclerotic plugues. The im-
munoyenic potentidl wus investigated in the
Bulb/c mouse model. Immunizutions viu ordl,
infravenous or subcutaneous routes induced
only liposome-specific IgM untibodies in se-
rum, us hus dlreudy been previously reported.
Reyurding the humoral immune response, IL-
10-couted liposomes cun be used for the im-
ayging of utherosclerofic plugues.

Il.a Proticles as allergen carrier

Protumine-bused NPs (‘proticles’) complexed
with CpG-oligodesoxynucleotides (ODN) und
ullergen Ara h 2 from peaunut were developed
Js un inhovutive vaccinution strateygy against
food ullergy. They induced u favouruble
Thi-response ufter subcutaneous injection in
Bulb/c mice. Grunulomu formation wus com-
pletely absent, und biodistribution of Ara h 2
wus markedly decelerated wheh complexed
tfo proticles. In summary, biodegraduble pro-
ficles with CpG-ODN present a hovel carrier
system for dllergy immunotherapy.

Il.c VIP-loaded Proticles

Proticles were developed us u depot formu-
|lation including vasouctive intestinal peptide
(VIP) us active phurmuceuticdl ingredient
(API). We found gyood encupsulution efficien-
cy, VIP releuse, and anh dappropriate NP size
(177-251 nm). Investigations on rat pulmonary
drteries showed u modified VIP response of
proticle-ussociuted VIP. We observed differ-
ences in the profile of artery relaxation, in that
VIP proticles led to u 20-30% lower relaxution
mauximum than aqgueous VIP solutions, fol-
lowed by prolonged vusodilation.

l.d Thiomer-coated liposomes

By combining the protective nuture of lipo-
somes with the mucoudhesive und perme-
ation-enhuncinyg properties of thiomers, thio-
mer-couted liposomes for orul druy delivery
were developed. These hew NPs were found
fo be non-tfoxic und stuble throughout the
stomuch. Their encupsuluted druys were
slowly releused while beiny closely utfauched
to the intestindl mMucus. As permedution wus
increused by the thiomer, u relutively high
proportion of drug was uble to puss through
the intestinal barrier.

Il.b Proticles for BBB drug transport

Proticles were developed und investiguted
us u druy delivery vehicle to overcome the
blood-bruin burrier. Adsorption of upoA-l onto
the surfuce of proticles resulted in significuntly
improved uptuke und transcytosis properties
relutive to uncouted proticles. The JupoA-|
couting enhunced proticle delivery
to ustrocytes ulmost tfwofold in an in
vitro model of the BBB.
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Il.d Thiomer proticles

Thiomers were found to be appropriate mat-
eridls to form cdationically charged proticles
without oligonucleotides us the clussicdl
anionhic compound. Thiomers showed yood
potential for the formution of proticles in a
cupillary microreactor, which was then suc-
cessfully sculed up to uchieve u production
yield of 1L/ hour.

We observed u prolonyed bioudhesion of
proticles, most likely due to the thiol content
and the cdationic hature of the protamine
compound.

Y |
~—d

&



HEALTH

Il.,e Targeted proticles

Proticles were developed for the druy turyet-
ing of lung-cuncer cells und for the loculizu-
tion of uatherosclerotic plugues. VIP-louded
proticles were observed to specificully target
lung-cuncer tumor cells, such us cells over-
expressing VPAC1-, VPAC2-, und PACT-recep-
tors. Furthermore, VIP-releusinyg proticle de-
pots were distributed in rat tissue und human
fumors.

Nunopurticles constructed from the body’s
natural carrier protein (human serum albumin;
HSA). were desighed, synthesized and char-
acterized physicochemicully and by electron
microscopy.

Crosslinked versions were developed thuat
retained mechunical stability and integrity dur-
ing pussuye throuyh living cells. These purticles
contuined HSA in its native configuration, and
were thus cupuble of louding und transport-
ing u wide range of pharmaceutically active

Partficles from synthesized thiomers such us
pectin-4-aminothiophenol (Pec-ATP), chitosun
thioglycolic acid (CS-TGA) und poly(ucrylic
acid)-cysteine (PAA-Cys) were prepured in or-
der to investigute their potentiul for diagnosis,
imaying und druy delivery.

In particular, PAA-Cys modified iron oxide NPs
were showh to be u promising tool for the in-
vasive in vivo tracking of transplunted cells in
the host orgunism. Micropurticles bused on

Concerniny the udtherosclerotic pluyue
fargeting, we found that globular Adiponectn
(gyAd)-turyeted stericually stubilized liposomes
generuted u strony siynul enhancement by
auccumulation ut the surfuce of AS-plaques,
while gAd-turgeted proticles becume inter-
halized and showed spofttier plague-staining.

agents. Sighdling groups (such as chelated
gudolinium ions) und targeting groups (such
us oligoluctosumine-specific lectins) were at-
tfached to the NPs, and used for molecular
fargeting und imuginy; these functionalized
NPs provided high imuyging efficiency, dllow-
ing Molecule-specific TT-weighted MRI of vus-
cular structures (Molecular Imuying). The NPs
showed ho foxicity in standard cytotoxicity
and hemocomputibility screening dssays, ds
listed in the EURO-Nanhotox portfolio.

Pec-ATP displuyed potentiul for colon-specific
druy delivery. Furthermore, unionic und cut-
ionic unmodified und thioluted hano- and
micropurticles bused on CS-TGA und PAA-Cys
showed promising mucoudhesive properties
to prolony the residence time of the incorpo-
rated druys at the target site of the diseuse.

For utherosclerosis (AS) imaginyg, unti-inflam-
muatory cytokines interleukin (IL)-10 and globu-
lar (9)Adiponectin were investigated for use
us tfarget molecules. Both showed promising
properties for furgeting AS-plaques ex vivo in
rabbit.

While gAdiponhectin accumulates in the fi-
brous cup, IL-10 is internadlized by foum cells
inside the plaqgues. Both targeting molecules

Ex vivo propuydation of human mesenchymal
stromul/stem cells (MSCs) is considered u
prereqyuisite for MSC therapy.

In this project, we established procedures for
clinical grade MSC propugation using uni-
mul serum-free conditions in pooled humaun
plutelet lysate (PHPL). Starting from aspirdation
volumes of 25 mL, clinical-scule expunsions
could produce up to 982 million Multipotent

After intfravenous upplication, NPs must cross
blood-tissue barriers in order to entfer the tissue
in which the lesion, e.y. u cuncer, is situated.
HSA binds to specific receptors on almost dll
endothelidl cells und is therefore well-audupt-
ed to crossing fumour-protecting barriers.

By usiny living human tissues with intact micro-
vusculatures, we demonstrated that the HSA-
bused NPs are taken up by the endotheliul
cells lining the microvessel walls (of placenta
ex situ), are fransported by these cells and
deposited in the tissue behind the blood-
fissue barrier. This is good evidence for the
suitubility of these puarticles for use in deliver-
ing therupeuticully active ugents to cuncer
cells sheltering behind blood-tissue barriers.
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showed enhunced stuining sighal ex vivo
wheh coupled to fluorescence-lubelled lipo-
somes.

Finally, the liposomul hanoconstructs showed
good turgeting of AS-plugues in vivo when
injected info the circulation of AS mice as re-
veuled post mortem by confocul luser scun-
niny microscopy.

MSCs. The differentiation potential of MSC into
udipo-, chondro- und osteoyenic lineuyges in
vitro, und info stuble vessels and artificial hu-
mun bone fragments in vivo, wus verified by
neur-infrared imayging, yCT und MRI over time
(4D imuying).

Complete genomic hybridization showed bal-
anced profiles for all four MSC sumples ufter
expunsion.

For cuncer turyeting, u further target mole-
cule wus attached to HSA NP. The targeting
group employed wus lectin LEA, which selec-
tively binds to oligolactosumines ut the apical
endothelidl surfuce: these NPs were shown by
MRI and light microscopy to uchieve mole-
cular targeting of this layer (thus dchieviny
molecular imuging).

Synthesis of the HSA-bused NPs wus perform-
ed in 5-yrum butches - ulthouyh scule-up to
20-30 yram butches is eusily uchievuble.
Physicochemicul and pharmacokinetic inves-
tigutions reveuled high uniformity and their
cledurunce modes in living unimuals.
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A variety of radiolubeled NPs (with Tc-99m, In-
111, Gu-68, Y-90 und 177-Lu) were developed
and characterized for potential diagnostic
aund therupeutic upplications in ohcoloyy
using SPECT und PET. Rudiolubelled liposo-
mal NPs currying u variety of peptide-bused
targeting sequences (TOC, RGD, Substunce P)
were prepured und churucterized, reveudling
specific tumor-cell targeting both in vitro and

The upplicution of hunostructured muteriuls for
druy targeting, reledse and imaging is only hin-
dered by the (luck of) uvdilubility of functional
targeting molecules. To meet the need for new
targeted-drug-delivery vehicles, especidlly as
potential therapeutic agents against heuroen-
docrine tumors, u hovel tfechnoloygy platform
for the de-novo design, production und screen-
iny of receptor uffine peptides, with priority to
somatostutine receptors (SSTR-2) loculized on
neuroendocrine fumors was developed. Such
products might then be used for radio-diagno-
sis or receptor radionuclide therapy (PRRT),
either dlone or us part of u nhanostructured
targeted druy-delivery system for the treatment
of yustrointestinal tumors (GEPNET). The seurch
for hew receptor-uctive compounds starts with
an in-silico de-novo similarity desigh bused on
a dutubuse of hundreds of building blocks und
their corresponding wold scores churacterising

Highly efficient druyg delivery systems were
developed by uttaching thiol groups to well-
known polymers und formulating them to cre-
ate NPs. The free thiol groups on the surfuce
of these NPs enhunced their mucoudhesive
properties substantially. Thiolated chitosun
NPs, for instunce, had inh vivo residence times
oh the mucosu four times longer than the

in vivo. Optimization of peptide loading and
PEGylution wus performed. Combinution of
the radiolubeling properties with Gd-loudinyg
for MRI und fluorescent building blocks pro-
vided the NPs with multi-functional imaging
properties specifically targeting tumours.
Overdll, the radiolubeling experiments provid-
ed vudluuble insights info tfargeting and imuy-
ing multifunctional NPs.

their physiochemicul properties. By in-silico mo-
lecular desigh we try to mimic the structure of
known receptor ugonists or unfugonists usiny
these building blocks. An iterdtive process of
production und screening results in u set of po-
tential candidutes for further investigation.

To enuble fust turyeting-molecule develop-
ment, high-throughput screening methods with-
out the use of rudiolubeling techniques were
developed. A hovel screening ussuy meusuring
the ligund-receptor interaction for all somuto-
stutine receptor sub-types (SSTRI-V) wus es-
fablished. The ligund o receptor inferaction is
meusured by use of mid-IR spectroscopy (MIR)
in an ATR (uftenuuted totul reflection) configu-
ration on artificial membranes presenting the
recombinunt receptors. Tightly binding ligunds
are differentiated into agonists and antagonists
by using unother cell-culture ussuy meusuring
the Cu-efflux of agonistic compounds.

correspondinyg unthiolated puarticles. Further-
more, the orul biouvdilaubility of the peptide
druy leuprolide wus significuntly improved by
usinyg u similar nunopurticulute formulation.
The nunopurficulute druy delivery systems
generuted within this project could substun-
fially improve the therapeutic efficacy of
muny existing druys.
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With a view to cyto- und hemocomputibility
festing, new liposomes, human serum albumin
purticles und chitosun puarticles were devel-
oped und ftoxicoloyicully churucterized.

Standard cytotoxicity and hemocomputibility
screehiny ussays, Js listed in the EURO-Nanho-
tox portfolio, were used for the screening. In
addifion, genhotoxicity tests (HPRT, microhucle-
us), immunoloyicdl screening methods (nhitric

The development of multifunctional NPs in
this reseurch project cluster (RPC) focused on
four different types of NPs: lipid (LIPO-NP), prot-
amine (proticles), poly lactid acid - human
serum albumin (PLA-HSA) and thiomer bused
(thiomers). A ‘toolbox” of nine different NPs
wus developed, churacterized und optimized
for various medicul upplicutions.

For diagnosis and imayging, two different visu-
dlization strategies were followed: magnetic
resonance (MRI) und radioactivity. Coupliny
of these tays ullowed in-vitfro characterization
us well us in-vivo tracking of the different types
of NPs developed within the consortium.

For druy delivery, ordl, inhalative and nusal
delivery routes were the objectives. In this
context, the focus wus the “injectable-to-
non-invasive-conversion”. Nanotoxicoloyy is
un important uspect of NPs und hanotechnol-
oyy in yenerul. Nunotoxicoloygyy, which deuls

231 published und uccepted publications
in peer-reviewed journals (representing u
totdl of over 669 impuct points)

308 presentations (invited lectures and
conygress lectures)

373 posters on different hational and inter-
national conferences

oxide production, chemotuxis, cytokine se-
cretion) und u hew method fo identify effects
of lony-term NP exposure were included in
the testing. Cellulur exposure to polystyrene
particles ut hon-cytotoxic concentrations for
four weeks in this bioreactor system showed
maurked reductions of cell humbers relative to
uhtreated controls. This result highlights the
importance of chronic toxicity testing.

with toxicoloyicul uspects of hunostructured
materials, was d particular focus: humerous
in-vitro models were developed to evuluute
the possible toxicity of the NPs used within the
consortium (ref. www.euro-nunotox.at). Multi-
disciplinary colluboration us well us close co-
operution umony industry, reseurch centres,
acudemia, hospitals, funding agencies and
other stukeholders were key fuctors in our suc-
cess. All of the medicul universities of Austriu,
three Austriun universities, two hon-university
resedrch orgunizations, four small and medi-
um-sized enterprises und one globdl orgunizu-
fion (Siemens Medical Solutions) dllied fo form
the joint reseurch project HEALTH.
Number of RTD projects in the cluster:

RTD project cluster (culls 2004, 2005, 2006 und
2007) and ohe large scule project (call 2008)
Funding period: March 2005 - February 2012
Project volume: EUR 8.039.693
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Universities:

Biobunk, Medical University of Graz

Center of Medicul Reseurch, Medical University
of Gruz

Clinical Depurtment of Internal Medicine |, An-
gioloyy, Medicdl University of Innsbruck

Clinical Institute of Medicul und Chemicul Labo-
ratory Diagnostics - Medical University of Graz
Depurtment of Anutomy, Histology and Embry-
oloygy, Medicul University of Innsbruck

Institute of Cancer Reseurch, Medicul University
of Vienna

Institute of Medicul Engineering, Grauz University
of Technology

Institute of Puthophysiologyy und Allergy Re-
seurch, Medicdal University of Viennu

Institute of Phurmaceuticul Sciences, Pharmu-
ceuticul Technoloyy, University of Gruz

Institute of Pharmacy, Pharmaceutical Technol-
oyies, Medicul University of Innsbruck

Max F. Perutz Labordatories, University of Vienna
Messerli Research Institute, University of Veterinary
Medicine of Viennu, Medical University of Vienha
and University of Viennau

University Clinic of Intfernal Medicine - Clinical
Depurtment of Huemutoloyy, Medicul University
of Gruz

University Clinic of Nucleur Medicine, Medicdl
University of Innsbruck

Scientific project coordinator:
Frank Sinner,
JOANNEUM RESEARCH Forschunysyesellschuft mbH

Administrative project coordinator:
Simone Jugersbacher-Uhl,
BioNunoNet Forschungsyesellschuft mbH

bm@ nano

,BIO

N E T

oustrian sese EFITITTICTS

Non-university research organisations:
Institute for Biomedicine und Hedlth Sciences,
JOANNEUM RESEARCH Forschungsgesellschaft mbH
Institute of Biophysics and Nunosystems Re-
seurch, Austrian Acaudemy of Sciences

Industry:
JSW Lifesciences GmbH, Grambuch
Green River Polymers Forschuhys- und Entwick-
lungsGmbH
PICHEM Forschuhygs- u. Entwicklungs GmbH
RCPE GmbH - Reseurch Center of Pharmaceu-
ficul Enyineeriny
Siemens Medical Solutions Austric
ThioMatrix Forschuhgs- und Beratunhgs GmbH
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