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Materials with properties controllable by external fields become more
and more important not only for technical but for applications in the
biomedical area.

The development over the past decades has shown that a growing
knowledge concerning basics in physics, chemistry and biology is a
crucial precondition for a successful and safe development of new bi-
omedical applications. Therefore, an intense cooperation between
basic and application oriented research, synthesis, characterization,
theory and application design can finally lead to particles and fluids
suitable for the envisaged use.

The International Conferences on the Scientific and Clinical Applica-
tions of Magnetic Carriers have provided for nearly two decades a plat-
form for interdisciplinary discussions strengthening the scientific pro-
gress in the field. Besides being a forum for scientific exchange about
recent developments in the field of scientific and clinical applications of
magnetic carriers, the conference will highlight — as in the past — one
of the important aspects of the research field in early morning tutorials.
While magnetism and magnetic materials have been in the focus of
these tutorials during the last conferences, Joachim Clement will try
this year to explain “Biology for Physicists, Chemists and Engineers”!

However a conference is not only characterized by the scientific ses-
sions — the location where scientists meet to discuss their results can
be a sign for such a meeting too. In this respect, the 800 years old city
of Dresden, having a long and productive history as scientific center,
is obviously an inspiring venue.

The Technische Universitat Dresden, founded in 1828, belongs to the
oldest technical universities in Germany and became one the eleven

“Excellence Universities” in Germany in 2012. The faculty of mechani-
cal engineering is one of the strongest engineering research centers in
the country and includes a large research area in biomaterials.

Aside biomaterials the development and characterization of smart ma-
terials in general — from light weight composites to materials controlled
by external stimuli — are one of the major profile lines of the research
activities of TU Dresden. Within this context the establishment of the
Chair of Magnetofluiddynamics, Measuring and Automation Technol-
ogy anchored the field of magnetically controlled smart materials firmly
within TU Dresden and gave us the possibility to invite you to 10™ In-
ternational Conference on the Scientific and Clinical Applications of
Magnetic Carriers in Dresden.

We hope that the city as well as the scientific program will give you
highly interesting and inspiring days full of discussions, new ideas and
deepened contacts.

Dresden, June 2014

Stefan Odenbach
Urs Hafeli
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TU DRESDEN, CHAIR OF MAGNETOFLUIDDYNAMICS; MEASURING AND AUTOMATION TECHNOLOGY

11:00 Registration desk opens
Opening Session
13:00 Stefan Odenbach Opening of the conference / Welcome
13:20 Urs Hafeli Short review of the last 2 years of magnetic carriers research Vancouver, Canada Talk 0
Session 1 Magnetic Separation
14:00 Viola Vogel Nanomechanics By Which Immune Cells Pick Up Their Prey Zurich, Switzerland Invited Talk 1
14:40 Mathias Reisbeck Volumetric Measurements Of Cells In Whole Blood For Point-Of-Care Applications Erlangen, Germany Talk 1
15:00 Kazunori Hoshino Single-Cell PCR Analysis Of Circulating Tumor Cells Captured By Immunomagnetic Microchip Connecticut, USA Talk 2
15:20 JitKang Lim Rapid Magnetophoretic Separation Of Microalgae Nibong Tebal, Malaysia Talk 3
15:40 Coffee break
Session 2 Nanotechnology
16:20 Longfei Ye Monitoring Nanoparticle Self-Assembly Dynamics In Extreme Magnetic Field Gradients: A New Metrology For Colloidal Magi Columbia, USA Talk 4
16:40 Clara Marquina Antibody Distribution On Bio-Functionalized Magnetic Nanoparticles Analyzed By Spatially-Resolved EELS Zaragoza, Spain Talk 5
17:00 Lamar Mair Single Particle Tracking Reveals Biphasic Transport During Nanorod Magnetophoresis Through Extracellular Matrix Baltimore, USA Talk 6
17:20 Binh Pham High Iron Content Magnetic Nanoparticles As Effective Delivery Vehicles Of Anti-Cancer Drugs Into A Solid Tumour Model Sydney, Australia Talk 7
17:40 Sudeshna Chandra Dendrimer-Magnetic Nanoparticles As Multiple Stimuli Responsive And Enzymatic Drug Delivery Vehicle Mumbai, India Talk 8
18:00 Informal reception and welcome cocktail (Apero) - generously sponsored by TurboBeads and Chemicell
Wednesday, June 11, 2014
08:00 Registration desk opens
08:30 Joachim Clement Daily tutorial "Biology for the Physicist, Chemist and Engineer” Jena, Germany Tutorial 1
Session 3 Biological Applications
09:00 Ludwig Schulz Interaction of ferromagnetic and superconducting permanent magnets - superconducting levitation Dresden, Germany Invited Talk 2
09:40 Randall Erb Manufacturing Ordered Biocomposites With Weak Magnetic Fields Boston, MA, USA Talk 9
10:00 Katrin Zimmermann Magnetic Nanoparticles Assisted Modulation Of The Vascular cGMP Pathway Bonn, Gemrmany Talk 10
10:20 Kathy Saatchi Magnetic Nanoparticles As A Delivery System For Adipose Tissue-Specific Rosiglitazone Targeting In Type 2 Diabetes Vancouver, BC, Canada Talk 11
10:40 Coffee break
Session 4 Biological Applications
11:20 Ryan Middleton Magnetic Antibody-Linked Nanomatchmakers For Therapeutic Cell Targeting West Hollywood, CA, USA Talk 12
11:40 Maxim Nikitin Denaturation-Resistant Magnetic-Fluorescent Colloidal Superstructures Assembled Via The Proteinaceous Barnase Barstar Moscow, Russia Talk 13
12:00 Joost Pouw Performance Of Three Different Clinical Magnetic Nanoparticle Tracers For Sentinel Lymph Node Detection Enschede, Netherlands Talk 14
12:20 Yijie Chen Highly Effective Inhibition Of Lung Cancer Growth And Metastasis By Systemic Delivery Of siRNA Via Magnetic Mesoporous Shanghai, China Talk 15
12:40 Adam Monsalve Manipulating Signaling Proteins Via Magnetic Particles For Remote Cell Control Gainesville, FL, USA Talk 16
13:00 Lunch
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Session 5

Biological Applications

Annette Schmidt Responsive Core-Shell Nanoparticles For Medical Applications Kéln, Germany Invited Talk 3
Stephan Karl A Novel Rotating-Crystal Magneto-Optic Technique For Malaria Diagnosis Melbourne, Australia Talk 17
Raoul Kopelman Evaluating Metastatic Potential By The Cell Magneto-Rotation Method Ann Arbor, MI, USA Talk 18
Martin Koch Interaction Of Dynamic Magnetic Fields With Magnetic Particles Immobilized At Lysosomes Seeheim, Denmark Talk 19
Coffee break
Session 6 Biosensors
Amy Buck Magnetic Separation Of Algae Expressing Enhanced Intracellular Ferritin Concentration Cleveland, OH, USA Talk 20
Caio Quini Renal Function Evaluation By Alternating Current Biosusceptometry Of Magnetic Nanoparticles Botucatu, Brazil Talk 21
Marco Donolato Molecular Diagnostics Based On Magnetic Nanobead Clustering Dynamics Monitored Using A Blu-Ray Optomagnetic Read: Kgs. Lyngby, Denmark Talk 22
Petr Nikitin New Method Of Investigation Of Affinity Properties Of Magnetic Nanoparticles With Recognition Receptors Moscow, Russia Talk 23
Giovanni Rizzi On-Chip Magnetic Bead-Based DNA Melting Curve Analysis Using A Magnetoresistive Sensor Kgs. Lyngby, Denmark Talk 24
Poster session | with Bier and Bretzeln - generously sponsored by Diagnostic Biosensors

Thursday, June 12, 2014
Registration desk opens
Joachim Clement Daily tutorial "Biology for the Physicist, Chemist and Engineer" Jena, Germany Tutorial 2
Session 7 Magnetic Imaging/MPI
Christoph Alexiou Application Of Magnetic Nanoparticles (Spion) In Medicine — The Seon-Concept Erlangen, Germany Invited Talk 4
Yanglong Hou Multifunctional Magnetic Nanoparticles For Targeted Cancer Diagnosis And Therapy Beijing, China Talk 25
Frank Wiekhorst Magnetic Particle Spectroscopy To Quantify Blood Half-Life Of Superparamagnetic Iron Oxide Nanoparticles In A Mouse Str PTB, Berlin, Germany Talk 26
Sylvie Begin Dendronized Magnetic Core-Shell And Cubic Shaped Nanoparticles Designed For Targeting, Mri And Hyperthermia Strasbourg, France Talk 27
Coffee break
Session 8 Magnetic Imaging/MPI
Martijn Visscher Depth Limitations For In Vivo Magnetic Nanoparticle Detection With A Compact Handheld Device Enschede, Netherlands Talk 28
Daniel Baumgarten Magnetorelaxometry Imaging Of Magnetic Nanoparticles With Inhomogeneous Fields Based On Plane-Wise Sensitivity limenau, Germany Talk 29
Annika Kasten Tracking Of Adipose Tissue-Derived Progenitor Cells Using Two Magnetic Nanoparticle Types Rostock, Germany Talk 30
Olivier Sandre Nano-Thermometer With Thermo-Sensitive Polymer Grafted USPIOs Behaving As Positive Contrast Agents In Low-Field Mr Bordeaux, France Talk 31
Katharina Bayer Magnetic Nanoparticles In Mural Tumors Detected And Quantificated By Micro-Computertomography Dresden, Germany Talk 32
Lunch
Session 9
Dieter Scharnweber Engineering Cellular Microenvironments — Chemistry Meets Physics Dresden, Germany Invited Talk 5
Poster session Il
Boat trip on the Elbe - generously sponsored by micromod; dinner in the castle "Schloss Pillnitz"

Friday, June 13, 2014

08:00 Registration desk opens
Joachim Clement Daily Tutorial "Biology For The Physicist, Chemist And Engineer" Jena, Germany Tutorial 3
Session 10 Grant Panel Discussion
Alexander Pfeifer DFG-Forschergruppe 917: Nanoparticle-Based Targeting Of Gene- And Cell-Based Therapies Bonn, Germany Talk 33
Stefan Odenbach SPP1681: Field Controlled Particle Matrix Interactions Dresden, Germany Talk 34

09:20
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Heinrich Hofmann NFP64: Chancen Und Risiken Von Nanomaterialien, Nationales Forschungsprogramm Lausanne, Switzerland Talk 35
Christer Johansson EU-FP7: Nanomag Goteborg, Sweden Talk 36
Urs Hafeli Panel Discussion About The Current Climate For Getting Grants In Our Field Vancouver, Canada
Coffee break
Session 11 Analytical Methods
Adriele Prina-Mello Quantification Of Superparamagnetic Nanoparticle Concentration Using Particle Electron Paramagnetic Resonance: An In V Dublin, Ireland Talk 37
Robin Ras Magnetic Droplets For Exploring Dynamics And Dissipation On Superhydrophobic Surfaces Espoo, Finland Talk 38
Tim St Pierre The Interaction Between Schistosome Eggs And Magnetic Microspheres Crawley, Australia Talk 39
Johannes Nowak The Magnetoviscous Effect Of A Biocompatible Ferrofluid Diluted With Sheep Blood Dresden, Germany Talk 40
Stephen Sherman The Relationship Between Mason Number And Bingham Number In Magnetorheological Fluids College Park, USA Talk 41
Robert Mdller Detection Of Magnetic Nanoparticles After Perfusion Of A Placenta Jena, Germany Talk 42
Lunch
Session 12 Magnetic Drug Delivery
Jeffrey Anker Detecting Mechanical and Chemical Changes Through Tissue Using Magnetically Modulated Optical Sensors Clemson, USA Talk 43
Kirsten Pondman In Vivo Magnetic Drug Delivery Using FePd Nanowires Enschede, Netherlands Talk 44
Anjali Seth Magnetic Beads To Enhance Drug Penetration Across Intestinal Membrane Paris, France Talk 45
Shimon Lecht Non-Invasive In Vivo Magnetic Targeting Of Mouse Embryonic Stem Cells To The Lung Philadelphia, USA Talk 46
Coffee break
Session 13 Magnetic Drug Delivery
Alessandro Russo Treatment Of A Critical Long Bone Defect Using Magnetic Scaffolds Reloaded By Magnetic Nanoparticles-VEGF Bologna, ltaly Talk 47
Jan Dieckhoff Single-core magnetic markers in rotating magnetic field based homogeneous bioassays and the law of mass action Vancouver, Canada Talk 48
Christophe Monnier Janus Magnetic Liposomes For Drug Delivery Marly, Switzerland Talk 49
City tour, reception at the Dresden transport museum - generously sponsored by Zepto Life Technology

Saturday, June 14, 2014
Registration desk opens
Session 14 Hyperthermia
Julian Carrey Magnetic Hyperthermia From The Physics Side: State Of The Art And Open Questions Toulouse, France Invited Talk 6
Cristina Blanco-Andujar Reproducible Microwave Synthesis Of Multi-Core Iron Oxide Nanoparticles For Magnetic Hyperthermia And In Situ Tracking London, UK Talk 50
Robert Ludwig Analysis Of Molecular Effects After Treatment Of Pancreatic Cancer Cells With (Magnetic Fluid) Hyperthermia Jena, Germany Talk 51
Sara Majetich Terahertz Absorption In Iron Oxide Nanoparticles Pittsburgh, USA Talk 52
Satoshi Ota Measurement Of Magnetic Rotation Of Magnetic Nanoparticles In Cultured Cells Under Alternating Field Yokohama, Japan Talk 53
Coffee break
Session 15 Nanoparticle Synthesis
Ying Jing Smart And Biocompatible Fe-Si Nanoparticles Minneapolis, USA Talk 54
Ben Erné Diverging Magnetic And Physical Size Distributions Of Superparamagnetic Nanoparticles Utrecht, Netherlands Talk 55
Jian-Chao Si Solvothermal Synthesis Of Tunable Magnetite Nanorods And Its Transfer From Organic Phase To Water Phase Xi'an, China Talk 56
Fernando Herranz Microwave-Assisted Chemoselective Functionalisation Of Iron Oxide Nanoparticles For Cardiovascular Imaging Madrid, Spain Talk 57

12:40
13:00
13:15

Closing Comments and Announcement of the NEXT MEETING: Urs Hafeli / Stefan Odenbach

Meeting ends
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Nanomechanics by which cells explore their environments
and pick up their prey

Viola Vogel

pplied
gg?haqobioiogy

Laboratory of Applied Mechanobiology, Department of Health Sciences and Technology,

ETH Zurich, Switzerland. E-mail: viola.vogel@hest.ethz.ch

Cells exploit mechanical forces to sense the physical aspects of their microenvironments.

They pull on the surrounding extracellular matrix and the anchorage of cells to their

environment is essential for their survival. If they encounter microbes or (magnetic)

particles, cells exploit similar mechanisms to pull on the objects, move towards them and if

possible initiate phagocytosis. Various examples will be presented illustrating sophisticated

nanomechanical concepts by which cells can feel nanoscale topographical features, and how

our immune cells exploit mechanical forces to fight bacterial infections.

1

2

Electron microscopy image showing how
a macrophage approaches surface-bound
E. Coli bacteria. Image taken by Jens

Méller - for more information see [2].

J Albuschies, V' Vogel, The role of filopodia in the recognition of nanotopographies, Scientific Reports, 3
(2013) 1658

J Moéller, T Lihmann, M Chabria, H Hall, V Vogel, Macrophages lift off surface-bound bacteria using a
filopodium-lamellipodium hook-and-shovel mechanism, Scientific Reports, 3 (2013) 2884

S Schiirle, M Selman Sakar, A Meo, J Mdller, B E Kratochvil, C S Chen, V Vogel and B J Nelson, Three-
dimensional, automated magnetic biomanipulation with subcellular resolution, Robotics and Automation
(ICRA), IEEE International Conference (2013) 1452-1457

Volumetric Measurements of Cells in Whole Blood
for Point-of-Care Applications

M. Reisbeck'?", M. Helou'”, L. Richter', B. Krafft', 0. Hayden'

!Siemens AG, Corporate Technology, Erlangen, Germany, 2FAU Erlangen-Nirnberg, Institute of
Medical Biotechnology, Erlangen, Germany, *CAU Kiel, Institute for Materials Science, Kiel,
Germany, *E-Mail: mathias.reisheck@siemens.com

For routine and point-of-care (POC) applications the workflow of flow cytometry requires (1) an
integration of pre-analytical steps, (2) fast turn-around-time, and (3) effortless data analysis for
non-expert usage. To achieve such an ambitious goal the methodology of fluorescence flow
cytometry is challenged by the fact that blood samples require dilution, often lysis of red blood
cells, and some centrifugation step to remove excess fluorescence background after
immunophenotyping.

Here, we discuss a time-of-flight (TOF) magnetic flow cytometry approach® for POC
applications which potentially enables a fully integrated workflow on a cartridge. The envisioned
system does not require any sheath flow buffer but operates with whole undiluted blood.
Amongst other the TOF measurement is an enabler to derive cell volumes in whole blood with a
resolution and precision only known from Coulter methods. With an external magnet field
immunomagnetically labeled cells are enriched on the substrate surface where integrated
magnetoresistive sensors detect the rolling specimen at a highly controlled sensor-to-analyte
distance. To achieve high recovery rates magnetophoresis with a chevron pattern of nickel stripes
is applied to align immunomagnetically labeled cells on the substrate surface. Furtherrmore, the
chevron pattern is useful for in-situ filtration of non-bound 200 nm superparamagnetic labels
which is due to magnetic forces exceeding the lift force generated by the laminar flow profile.
Case examples of cell detection in whole blood are discussed and results are benchmarked
against established methods.

The project “MRCyte” is supported by the German Federal Ministry of Education and Research
under the program ‘Werkstoffinnovationen fiir Industrie und Gesellschaft — WING'.

Schematic of an integrated workflow with in-situ magnetic enrichment (1), magnetophoretic
focusing of immunomagnetically labeled cells (3), in-situ filtration of excess labels (2) and
magnetoresistive TOF measurement (4).

* Helou et al, Lab Chip, 2013, 13, 1035
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Single-cell PCR analysis of circulating tumor cells captured by immunomagnetic microchip
K. Hoshino!", H.W. Chung?, C.H. Wu?, K. Rajendran?, Y.Y. Huang?, P. Chen?, K.V. Sokolov?, J. Kim?, and X.J. Zhang?"*

1The University of Connecticut, 260 Glenbrook Rd Unit 3247, Storrs, CT 06269-3247, USA
The University of Texas at Austin, 1 University Station C0800, Austin, TX 78712-0238, USA
*hoshino@engr uconn edu, **john zhang@engr utexas edu

We have demonstrated a microfluidic immunomagnetic assay with the downstream single-cell
polymerase chain reaction (PCR) analysis of circulating tumor cells (CTCs) CTCs are cells that have
detached from a primary tumor and circulate in the blood stream Detection of CTCs may provide important
information for possible early cancer detection and decisions on individualized treatment. CTCs are
challenging to study for two reasons: a low cancer-blood cell ratio (between 1 and 107) and the number of
cancer cells often less than 5 in 5-10 mL of the patient’s blood PCR is among the most widely utilized
techniques for genomic analysis of tumors PCR has a strong potential for the analysis of CTCs because the
techniques and methodology studied for tumor tissues can be applied to obtain equivalent information from
CTCs Developing a single-cell PCR technique that can extract useful information from a very small
number of cells is crucial A critical component for “rare cell” PCR analysisisthe purity of the sample An
advantage of our method is that collected cancer cells are fixed on a standard microscope glass slides and
several existing microscopic observation techniques can be used before single cell PCR analysis

Figure (a) shows a diagram of the experimental setup Cancer cells are labeled with FesOs4 magnetic
nanoparticles (size: 100-200 nm) which are functionalized with anti-epithelial cell adhesion molecules
(anti-EpCAM)  As the blood sample flows through the microchip, labelled cells are captured onto a
polyethylene naphthalate (PEN)-film coated glass slide Figure (b) is a photograph of the microfluidic chip
Figure (c) is a TEM photograph of the magnetic nanoparticles Details of our microchip-based separation
method has been reported elsewhere The capture rates for spiked experiments were demonstrated to be
more than 80-90%* We have successfully separated cancer cells from blood samples of breast, colon, lung
and prostate cancer patients at the UT Southwestern Medical Center at Dallas? Once a cancer cell is located
by fluorescence observation, an area of about 500 um x 500 um of the film around the cell is cut by the
laser microdissection technique (see figure (d)) A combination of detailed immunofluorescence
observation and laser cutting enables selection of important cancer cells and elimination of contaminants
Reverse transcription single cell gPCR analysis was performed using a commercially available high
throughput system (BioMark HD System) Three different breast cancer cell lines of MCF7, SKBR7, and
MDA-MB231 were tested with eight different gene sequences of GAPDH, ESR1, HER2, GRB7, EPCAM,
KRT7, KRT8, KRT18, and KRT19 The result showed in figure (¢) demonstrated a good match with that
from a few thousand control cells, showing promise for our method of single cell separation and analysis

(a) e = (d) vcm% C€
P ©RBC .
© © ©uwac " S
v “ 100nm |
* c Labelled CTC il Laser cut

PEN fi

1 Hoshino K, Huang Y'Y, Lane N, et al Microchip-based immunomagnetic detection of circulating tumor cells Lab
on a Chip 2011;11(20):3449-3457

2 Huang Y, Hoshino K, Chen P, et al Immunomagnetic nanoscreening of circulating tumor cells with a motion
controlled microfluidic system Biomed Microdevices 2013;15(4):673-681

Rapid Magnetophoretic Separation of Microalgae

Pey Yi Toh,! Bee Wah Ng,? Chi Han Chong,® Abdul Latif Ahmad,* Ji-Won Yang,* Derek Juinn Chieh Chan,*
Jitkang Lim**"

*School of Chemical Engineering, Universiti Sains Malaysia, Nibong Tebal, Penang 14300, Malaysia
?School of Biological Sciences, Universiti Sains Malaysia, Minden, Penang 11800, Malaysia
3Department of Physics, Imperial College London, South Kensington Campus, London

“Department of Chemical & Biomolecular Engineering, Korean Advanced Institute of Science and
Technology, Daejeon 305-701, Republic of Korea

®Department of Physics, Carnegie Mellon University, Pittsburgh, PA 15213, USA

*corresponding author: JitKang Lim (email: chjitkangl@usm my, tel: 604-599-6423)

The rising cost and dwindling reserves of fossil fuels have stimulated interest and various research efforts over the
past few decades in the development of alternative energies One of the promising technologies in biofuel
production is through transesterification of microalgal lipid to biodiesel Even though biodiesel from microalgae
looks promising, the dewatering of microalgae culture is a major bottleneck towards the realization of any large-
scale industrial processing

Here we propose the use of magnetic iron oxide nanoparticles (IONPs) for microalgae separation Magnetic
collection of biofuel producing strain of microalgae Chlorella sp. from culture media facilitated by low magnetic
field gradient was achieved in real time [1] By using a cationic polyelectrolyte poly(diallyldimethylammonium
chloride) (PDDA) as a binding agent, we have successfully promoted the attachment of IONPs onto the microalgal
cells Transmission and scanning electron microscopy (TEM & SEM) together with Fourier transforms infrared
(FTIR) spectra analysis are employed to confirm the full attachment of PDDA functionalized IONPs onto microalgal
cells and how the particles distributed on the cell's surfaces From the cross section TEM images of cells, IONPs
shown the tendency to be internalized into Chlorella sp. cells but not affect the biofuel quality [2]

These encouraging outcomes prove the reliability of magnetophoretic separation, with 99% of separation efficiency,
for microalgal biomass collection and can be implemented as an effective downstream process for biofuel
production

0 104 Tmin 15 min Wmin  1Smin  20min  Clear
42380 GTAIN A9 SLAN LM LIS 99.0r%  99.TIN 99T Medinm

‘1 iuawﬁ S L

Figure 1 (a) Time lapse images showing the rapid magnetophoretic separation of microalgae, (b) microalgal cells-
IONPs clusters after subjected to magnetic separation, (c) Particle attachment onto the microalgal cell, and, (d)
internalization of IONPs into microalgal cells confirmed by FE elemental mapping

References:

[1] JK Lim, CJC Derek, S A Jalak, PY Toh,NH Yasin,BW Ng, AL Ahmad, Small 8 (2012) 1683—1692

[2] PY Toh,BW Ng, CH Chong, AL Ahmad, JW Yang, CJC Derek, J K Lim, RSC Advances 4 (2014)
4114—4121
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Monitoring nanoparticle self-assembly dynamics in extreme magnetic field gradients:
A new metrology for colloidal magnetic nanomaterials

L. Ye, B. Fellows, T. Pearson, Y. Cordeau*, O. T. Mefford*, and T. M. Crawford"
Physics and Astronomy, University of South Carolina, Columbia, SC 29208
*Materials Science and Engineering, Clemson University, Clemson, SC

For clinical and biomedical applications of magnetic nanoparticles, colloidal stability of the particles is an absolute
requirement for high biodistribution and bioavailability. Traditional techniques to measurs this stability includse light
scattering and optical imaging. We have developed a new technique that provides enhanced levels of stability
detection compared to these techniques. This sensitivity is obtained by utilizing optical diffraction to monitor
magnetic-field directed self-assembly (MFDSA) of magnstic nanoparticles into patterned arrays. Using extremse
magnetic field gradients (- 107 T/m) at the surface of disk drive
media, our team has demonstrated a low cost technology for ;
nanomanufacturing user-designed custom polymer " /
o i o H 5 magaetic mediu /
nanocomposites with 25 nm resolution [1]. Magnetic Ve i7

nanoparticles are attracted from a dilute colloidal suspension to il .7 5

assemble on the field gradient pattern. By recording a series of [ i I l | R
4

parallel lines, we have manufactured an all-nanoparticle 304
laser light

diffraction grating and tested it in a calibrated spectrograph [2].
To understand the dynamics of the self-assembly process, we
monitor diffracted intensity in real-time as the nanoparticles self-
assemble into the grating (Figure 1 — inset) [3]. This approach
works because diffraction is extremely sensitive to the
underlying pattern, which was created with — 10 nm resolution
by commercial magnetic recording. Solution pH, ferrofiuid
concentration, and nanoparticle stability are all observed to o4 |
impact the dynamics of grating formation [3]. Further, Figure 1 5 ah N Ba
shows that the rate of diffracted intensity increase can be Time(s)

strongly enhanced by adding phosphate buffered saline (PBS)  Figure 1 — Difiracted intensity ve time for differing
to the assembly suspension. Importantly, these changes in  amounts of PBS added to a dilute Fe304 nanoparticle
assembly dynamics occur at PBS concentrations too low to ~ Soltion. Note the large jump in rate of intensity
cause measureable aggregation in the bulk colloidal fluid, as no
change in scattered intensity is observed by either in-Situ  grected seff-assembly.

scattering measurement or via Dynamic Light Scattering (DLS)

studies on identical colloid/PBS fluids. We hypothesize that the extremse field gradients cause local aggregation of
nanoparticles at salt concentrations too weak to affect bulk colloidal stability. We have simulated intensity vs. time
by solving the nanoparticle trajectories with Newtonian mechanics, and using generalized multiparticle Mie theory
to predict diffracted intensity. While the simulations are similar to the assembly curves [3], more complicated
dynamics are also observed that are not yset predicted by the model. In addition to identifying novel self-assembly
mechanism in extreme fisld gradients, monitoring nanoparticle self-assembly with diffraction could provide a new,
highly sensitive probe of colloidal magnetic fluids. Because subtle changss in particle surface coating and colloidal
stability can affect long timescale aggregation, this measurement could enable a better understanding of
interparticle interactions and impact commercial applications of magnetic carriers for MRI contrast, hyperthermia,
and drug delivery. Finally, this real time measurement technique can provide feedback to help create unique
structures for both diagnostic and therapeutic applications using the MFDSA process.

Diffracted intensity(uV)

[1] . H . S. Shi, S. G and T. M. Crawdord. Nanotechnology 28 186304 (2012).
[2] L. Ye. B. Terry. O. T. Mefford, C. Rinaii, and T. M. Crawford. Optcs Express, 21,1088 (2013).
[8] L Ye. B. Qi, T. Pearson, Y. Cordeau, O. T. Mefiord, and T. M. Crawford. J. Appi. Phys.. 116 178513 (2014).

* Email: crawftm@mailbox sc.edu

Antibody Distribution on bio-functionalized Magnetic Nanoparticles analyzed by Spatially-
Resolved EELS

C. Marquina®®, Raul Arenal®®®, Laura De Matteis®, Laura Custardoy®®, Alvaro Mayoral®®,
Marcel Tence', Valeria Grazu®, Jesus M. de la Fuente®s, M. Ricardo barra®*®

®Instituto de Ciencia de Materiales de Aragén (ICMA), Consejo Superior de Investigaciones Cientificas
(CSIC)-Universidad de Zaragoza, 50009 Zaragoza, Spain
prtoA de Fisica de la Materia Condensada, Universidad de Zaragoza, 50009 Zaragoza, Spain
“Instituto de Nanociencia de Aragon (INA), Universidad de Zaragoza, 50018 Zaragoza, Spain
9 aboratorio de Microscopias Avanzadas (LMA),Universidad de Zaragoza, 50018 Zaragoza, Spain
®Fundacion ARAID, 50004 Zaragoza, Spain
fL aboratoire de Physique Solides,Universite Paris-Sud, 91405 Orsay, France

clara@unizar es

Abstract

In biomedical applica ions, core-shell magnetic nanoparticles are commonly used as supports for
macromolecules of biological interest. The shell, either organic or inorganic, allows in principle the use
of different functionalization protocols to link a large variety of biological moieties, depending on the final
purpose.

The functionalization of nanoparticles wi h antibodies makes possible the use of the nanoparticles in
applications based on immuno-recognition processes, in which he particles act, for example, as carriers
for targeted drug delivery, as labels for immuno-assays [1] etc. An adequate immobilization strategy is
critical in order to guarantee not only the stability of the antibody binding on the nanoparticle surface,
but also its correct orientation. Therefore, detailed knowledge of the functionalized nanoparticle surface
is crucial when working with nanopar icle-antibody conjugates. Some information can be obtained by
means of biochemical techniques but there is still a need for characterization at microscopic level.

We have made use of Spaially Resolved Electron Energy Loss Spectroscopy (SR-EELS) using
Scanning Transmission Electron Microscope (STEM) for the identification and determina ion of the
spatial distribution of the components/elements of immuno-functionalized core-shell superparamagnetic
magne ite nanoparticles [2] at subnanometer scale [3]. SR-EELS measurements have allowed the study
and direct identifica ion of he biological moieties (protein G and anti-Horseradish peroxidase antibody,
which was used as a model system) on the nanoparticle. Our findings provide information on the spatial
localization/distribu ion on the nanopar icle surface. We conclude that the data obtained in this study,
together with those gathered by conventional biochemistry techniques, provide insight into the efficiency
and potential applications of these nanoparticles in biomedicine and related fields.

[1] D. Serrate, J.M. de Teresa, C. Marquina, J. Marzo, D. Saurel, F.A. Cardoso, S. Cardoso, P.P.
Freitas, M_R. Ibarra, Biosens. Bioelectron. 35 (2012) 206.

[2] L. De Matteis, L. Custardoy, R. Femandez-Pacheco, R, Magen, C_; de la Fuente, J. M_; Marquina,
C_; barra, M. R, Chem. Mater. 24 (2012) 451.
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Single Particle Tracking Reveals Biphasic Transport During Nanorod Magnetophoresis
Through Extracellular Matrix

L O Mair®®" IN Weinberg®, R Superfine®
*Curriculum in lied Sciences and Engineering, University of North Carolina at Chapel Hill, Chapel
Hill, NC USA, "Weinberg Medical Physics LLC, Bethesda, MD USA, “Department of Physics and
Astronomy, University of North Carolina at Chapel Hill, Chapel Hill NC
*Email: Lamar Mair(@gmail com

Magnetic drug targeting has been proposed as a means of efficiently targeting drugs to tumors However,
the extracellular matrix (ECM) remains a significant barrier to long- nnge magmetophmeuc transport
through the tumor volume The ECM is a ipl hwork of collag and other proteins It is
a viscoelastic, biphasic bwpolymex which frequently ensnares patt:cles as they move through the volume of
a tumor While of ) g is have been reported. a single
particle level und. ding of tophoreti rt ins at large Do particles move thmughthe
ECM with constant velocities? Do they exhibit snbstannal motion in the direction nonnal to the axis of
field gradient directed pulling? We perform in vitro quantification d is throngh ECM
based on single particle observations, and these single particle observations allow us to answer thae and
other questions

We investigate the transport properties of nanorods with diameters of 18, 55, and 200 nm Nanorods are
grown via temp guided electrodeposition, and their surfaces are modified with PEG so as to minimize
adhesion to ECM proteins We find that smaller diameter particles aclueve larger ve.locma through ECM
despﬂeexpenencmgsnallexmagnehcfotces Additionally, two i are elucidated First,
18 om di e bimodal stick-slip motion thwugh ECM during static field
magnewphoxests wmkstmﬂubimodalkansponlsnotobsavedfotﬁ nm nor 200 nm diameter nanorods
S ller particles experi htgeruc' ions in their ori 1 anglewuhmpecttothemagmnc
ﬁeld This work elucidates important d ics of particle plex, porous

ials that may go i ‘dnnng bl We feel our obsexvmons of individual
particles move through the complex structure of ECM in vitro R 1dk 1 ing talking points

fundamental to the study of magnetophoresis in biology and

P

c  Figure 1: S ing electron micrographs of nickel d:
with nominal diameters of (a) 200 am. (b) 55 nm, and (c) 18
nm Scale bars in (a) — (c) are 1 um Zeta potential
measurements of rods reveal drastic differences before and
after PEGylation (d) TEM images reveal the rough native
oxide surface (e) and the smooth, functionalized PEG surface
®

Zeta Potential (mV)

Figure 2: Acceleration-decelerati 1 observedfor18nm
diameter nanorods during 2 h (a) Mini
intensity projections of nanorods movmg throngh ECM (1 frame
per second) can be tracked (b) and demonstrates locations of
significant steric hindrance (c arrows) Particle motion, and
direction of i ;, dient, is in the +x direction
Significant motion in the +/-y dxrecuons as well as motion in the
—x direction. elucidates the complexity of magnetophoretic
transport for small di ds in dense poly
networks

High Iron Content Magnetic Nanoparticles as Effective Delivery
Vehicles of Anti-cancer Drugs into a Solid Tumour Model

Binl Pham, Nicole Bryce, Nicole Fong, Eh Hau Pan, Nirmesh Jain, Renee Whan, Trevor
Hambley and Brian Hawkett

Key Centre for Polymers & Colloids, School of Chemistry, University of Sydney. NSW Australia
binh.pham(@svdney.edu.au and brian. hawkett(@svdney.edu.au

Diffusion of active cytotoxic agents throughout an entire solid tumour is a particular challenge to
successful drug delivery. Anti-cancer chemotherapeutic drugs such as doxorubicin and mitoxantrone
only penetrate to about 70 microns from a blood supply while the rapid growth of solid tumours
leads to poor development of vasculature with much tumour tissue being considerably more distant
from a blood vessel. Considerable effort has been expended to design effective and efficient
targeting and controlled release systems for cancer treatment using nanomaterials to incorporate
drugs by conjugation or encapsulation. However, poor nanoparticle stability and meffective or
uncontrolled drug release has impacted adversely on their effectiveness. Moreover, release of
conjugated active compounds from particles is often problematic, resulting in cellular accumulation
of the active compound in lysosomes or failure of the active compound to reach the site of effective
action.' However, notwithstanding these efforts. without drug penetration of the entire tumour mass
chemptherapy will ultimately be ineffective.

We present a novel approach using custom designed superparamagnetic iron oxide (y-Fe;O3)
nanoparticles (SPIONs) to co-administer with chemotherapy drugs. Our SPIONs were stabilized
either with only one type of the steric stabilizer (homogenous coating) or with a heterogeneous mix
of the steric stabilizers with different end functionality. The SPIONS has iron content of as high as 55
weight % and are stable under physiological conditions. Figure 1 shows that optimised SPIONs
facilitate and enhance penetration of doxorubicin though out a solid tumour. but do not alter the
cellular interaction mechanism of the cytotoxin The effectiveness of the nanoparticle/drug co-
administration is strongly governed by both the functionalized end group and the composition of the
polymeric stabilizers and is unique for each drug.

200 pm

45 &3 Y S
Figure 1: Fluomscmce lifetime m:ages (FLIM) of xorubicin treated DLD-1 colon cancer cells in
monolayers (a); in spheroids without SPIONs (b) or with SPIONs co-admuinistration (c) The false colour
FLIM image of the cell monolayer treated with Dox allows for the cellular localizations of different lifetimes
to be easily observed: the orange colour indicates nuclear Dox, green indicates cytoplasmic localized Dox

[¢))] Dai, X ; Yue, Z ; Eccleston, M E ; Swartling, J ; Slater, N K ; Kaminski, C F N dicine : hnology,
biology, and medicine 2008, 4, 49

()] Kaaki, K ; Herve-Aubert, K ; Chiper, M ; Shkilnyy. A ; Souce, M ; Benoit, R ; Paillard, A ; Dubois, P ; Saboungi,
M L ; Chowrpa, I Langmuir : the ACS journal of surfaces and colloids 2012, 28, 1496

[©)] Qm,Y Sun, L;Li X ; Cao,Q ; Wang, H ; Tang, X ; Ye, L Journal of Materials Chemistry 2011, 21, 18003

@ Zow, P;Yu, Y; Wang, Y A ; Zhong, Y ; Welton. A ; Galban, C ; Wang, S ; Sun, D Mol Pharm 2010, 7, 1974
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Dendrimer-Magnetic Nanoparticles as Multiple Stimuli Responsive and Enzymatic Drug
Delivery Vehicle

Sudeshna Chandra', Glen Noronha', Sascha Dietrich’, Heinrich Lang” and Dhirendra Bahadur*'
B Department of Metallurgical Engineering & Materials Science, Indian Institute of Technology Bombay, Powai, Mumbai, India,
2 Technische Universitat Chemnitz, Institute of Chemistry, StraRe der Nationen 62, D-09111 Chemnitz, Germany
Presenting author: Sudeshna Chandra, Email: sudeshna_cc@iitb.ac.in

The unique ability of iron oxide magnetic nanoparticles (MNPs) to be guided by an external magnetic field has been
utilized for magnetic resonance imaging (MRI), and targeted drug and gene delivery The motivation for this study
is to combine the functions of longevity (PEGylation in dendrimer), targetability (use of MNP to assist in magnetic
guidance to tumor site) and stimuli sensitivity (pH, temperature) in addition to leveraging the tumor
microenvironment (acidic pH, over-expression of enzymes promoting degradation)

Iron oxide nanoparticles were synthesized by co-precipitation method and were stabilized by (poly)ethylene glycol-
functionalized PAMAM dendrimers having six end-grafted ethylene glycol ether-tentacles of type CH,CH,C(0)O-
(CH,CH,0),C,Hs, (designated as PEG-PAMAM-MNPs) The XRD pattern of PEG-PAMAM-MNPs indicates
formation of a single-phase Fe;O, inverse spinel structure TEM shows particles are spherical though irregular
shaped with mean size of ~7 nm and the nanoparticles exhibited typical superparamagnetic behavior without
hysteresis or remanence The BET surface area, total pore volume and average pore diameter are 138 6 m%/g, 0 4
cm®/g and 109 4 A, respectively

The interaction of doxorubicin (DOX) with PEG-PAMAM-MNPs is evident from the predominant quenching of
DOX fluorescence The loading efficiency is strongly dependent on the ratio of particles to DOX which is attributed
to the electrostatic interactions between positively charged DOX and negatively charged carboxyl and ethylene
glycol moieties of the dendrimers A maximum of ~ 98 7% drug loading efficiency (w/w) was achieved A sustained
release of ~25% of loaded drug in acetate buffer (pH 4 3) against PBS (pH 7 3) were observed after 70 h In-vitro
drug release goes up to 30% at 43°C, a possible hyperthermic temperature Enzyme cathepsin B has also been used
as effective biomolecule to trigger drug delivery from the system with a sustained release of ~45% for 72 h Thus, in
conditions simulating the extra-cellular matrix or lysosomes of target cells, it is inferred that the enzyme cleaves the
dendrimer, promoting a faster release rate The concept of applying a stimulus (via pH or temperature change)
followed by enzymatic breakdown of the dendritic system is a new approach to develop a controlled drug release
system, where both sustained and burst release of drug is achieved
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Multiple Stimuli Responsive Drug Delivery System Based on Dendrimer-Magnetic Nanoparticles

Schematic representation of multi responsive PEG-PAMAM-MNPs

Interaction of ferromagnetic and superconducting permanent magnets -
superconducting levitation

Prof. Dr. Ludwig Schultz

Professor, Director of the Institute for Metallic Materials, IFW Dresden Department of Materials

Abstract

New means of urban transportation and logistics will become realistic with superconducting
magnetic bearings using nanostructured bulk high temperature superconductors. The advantage
of superconducting magnetic levitation is that it works passively stable without any electronic
control but with attracting and repelling forces to suspend a vehicle pendant or standing upright
from zero to high speed - perfect conditions for the idea of rail-bound individual transport with
cabins for 4 - 5 passengers requested call by call.

In Dresden the world largest research and test facility for transport systems using HTS bulk
material in the levitation and guidance system in combination with a permanent magnet track
was put into operation using a vehicle for 2 passengers running on an 80 m long oval driveway.
In the presentation the superconducting materials as well as the principle of superconducting
levitation by flux pinning in high temperature superconductors will be described. Future
directions of superconductivity-based magnetic levitation and bearing for automation
technology, transportation and medical treatment under enhanced gravity will be given.
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Manufacturing Ordered BioComposites with Weak Magnetic Fields

Joshua J. Martin, Michael S. Riederer?, Melissa D. Krebs?, Laetitia Galea®, Marc Bohner®, and
Randall. M. Erb*

1Department of Mechanical & Industrial Engineering, Northeastern University, Boston, MA, USA
2Chemical & Biological Engineering Department, Colorado School of Mines, Golden, CO, USA
*RMS Foundation, Bettlach, Switzerland.

Recently, we have found an ultra-high magnetic response in stiff anisotropic particles by adsorbing
nominal amounts of magnetite nanoparticles onto the surface of the particle [1] This modification allows
for the remote control of particle orientation and spatial positioning under magnetic fields only an order of
magnitude larger than the Earth’s magnetic field This level of control, among numerous exciting
possibilities, can lead to the positioning of particle reinforcement in manmade materials that mimics the
structures found in natural systems such as seashells or mammalian bone [2]

Here, we apply this technique to produce a new family of biocomposites Our overarching aim in this
work is to develop biocompatible composite materials that exhibit both high strength for bearing load and
high water content for cellular viability and bioactivity We target a range of strong biocompatible
particles from calcium phosphate rods and platelets to calcium sulfate fibers that could serve to reinforce
biopolymers in vivo We demonstrate the creation of aligned particle architectures in a variety of matrices
including calcium cements and alginate and chitosan hydrogels

We have developed an energy model for these particle suspensions that explain this ultra-high
response and suggest the key parameters essential in these systems We take on the case of magnetic
alignment under shear, which dominates discontinuous fiber production We determine that magnetic
alignment can be made significant enough to overcome particle alignment during typical extrusion
processes that are best described with Jeffrey orbitals and average orientation tensors This work offers a
way forward in recreating these defined reinforcement architectures within manufactured polymers

SPION Enabled Alignment of Fibers Magnetic alignment of Calcium Phosphate
in Hio-compatible Composites g = 7

Calcium Sulfate Rods as Porous Templates
- TR ' X

= ; ) Ji Lin
[1]R M Erb, R L Libanori, N Rothfuchs, A R Studart, Science, 335, 199-204, 2012
[2]R M Erb,J Sanders, R Grish, A R Studart, Nature Communications, 2013

Magnetic nanoparticles assisted modulation of the vascular cGMP pathway
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Abstract

Cyclic GMP (cGMP) is a major mediator of relaxation in the vascular system. It is produced by the
enzyme soluble Guanylyl Cyclase (sGC) in response to nitric oxide (NO) from neighbouring
endothelial cells, and activates Protein Kinase G (PKG), which in turn mediates relaxation through
phosophorylation of various targets. One of the major substrates of PKG is the VAsodilator-
Stimulated Phosphoprotein (VASP). VASP is a member of the Ena/VASP protein family together
with Ena/VASP-like protein (Evl) and Mammalian enabled protein (Mena). Recent studies show
that VASP-deficient brown adipocytes have an increased activity of the small GTPase and
Ena/VASP binding partner Rac1 and elevated levels of sGC. These data suggest a regulatory role
for VASP in cGMP-mediated processes. Preliminary data acquired from the analysis of VASP-
deficient (VASP™) mice provide also evidence for the importance of VASP in the cGMP mediated
relaxation pathway. However, the role of VASP in vascular smooth muscle relaxation is currently
unknown. Furthermore, we are interested in the regulation of NO production in the vascular
endothelium. For both approaches, functional measurements are required. Therefore, we use an
ex vivo perfusion system that enables homogenous transduction of a perfused murine aorta. This
is possible due to a special magnetic configuration that results in a homogeneous and radially
symmetric gradient of the magnetic flux density in the aorta. The aorta is perfused with complexes
of lentiviral vectors (LVs) and magnetic nanoparticles (MNPs) or MNP loaded microbubbles that
are attracted in the magnetic field, enabling an efficient and homogenous transduction of the
vessel. Besides using the intact aorta to target the endothelium, the vessel can also be denuded by
removing the endothelium for targeting the smooth muscle cells. The genetically modified intact or
denuded aorta can subsequently be subjected to contractility and relaxation measurements using a
wire myograph.

The MNPs of the core-shell type have a ferrimagnetic core (Fe;O,) surrounded by different
coatings. We combine these MNPs with LVs that are versatile tools for genetic modification and
stable long term expression as they are able to integrate into the host genome. The applied
microbubbles consist of a lipid layer that contain a high molecular weight hydrophobic gas
(octafluorpropane) in the interior and can be decorated with MNPs and LVs, making them efficient
gene transfer vehicles that can be attracted by a magnetic field. Through subsequent destruction of
the bubbles using ultrasound application they release their cargo. By applying LVs encoding e.g.
for constitutively active Rac, VASP or PKG or different shRNAs in the ex vivo loop system, the
functional readout will give deeper insights into the cGMP pathway in vessels which in turn is of
great importance in the development of new therapies for vascular homeostasis.

magnet configuration
surrounding the vessel
as used in ex vivo loop
system

Perfluorocarbon gas
/

Magnetic nancpartices

scheme of
LV/MNP complex

scheme of LV / MNP
decorated microbubble
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Magnetic Nanoparticles as a Delivery System for Adipose Tissue-Specific
Rosiglitazone Targeting in Type 2 Diabetes

Kathy Saatchi?, Sarah Tod!, Donna Leung?, Kenton Nicholson?, Christian Buchwalder?,
Veronika Schmitt?, Urs O. Héfeli?, Sarah L. Gray!”

1Northern Medical Program, University of Northern British Columbia, Prince George, BC, V2N 3Z9, CANADA,
corresponding author: Sarah.Gray@unbc.ca; 2Faculty of Pharmaceutical Sciences, University of British
Columbia, Vancouver, BC, V6T 1Z4

Thiazolidinediones (TZDs), such as rosiglitazone (RSG) are high affinity ligands for the nuclear
receptor, peroxisome proliferator activated receptor gamma (PPARy). TZDs induce potent anti-
diabetic effects in Type 2 diabetics by enhancing insulin action. Much of the anti-diabetic effects of
TZDs are mediated by PPARy activation in adipose tissue, improving lipid and glucose clearance by
activating adipocyte differentiation and lipogenesis and promoting an insulin sensitizing adipokine
profile (Ahmadian et al., 2013). However since 2007, TZD use has been significantly limited due to a
potential increase in cardiovascular side effects when administered systemically (Lago et al., 2007).
To reduce or even eliminate these side effects, it is hypothesized that targeted TZD delivery to
adipose tissue is desirable.

To accomplish this, magnetic nanoparticles (MNPs) coated with alendronic acid (Al) or undecylenic
acid (Un) were assessed for their suitability as therapeutic delivery agents for adipose tissue-
targeted RSG therapy. AI-MNPs and Un-MNPs were incubated in concentrated solutions of RSG (350
ug/ml in water) to allow successful adhesion of drug molecules to surface coatings by lipophilic
interactions. Thereafter, MNPs were magnetically separated from binding solutions, washed, and
subjected to a timed release study under sink conditions in PBS. High performance liquid
chromatography was employed to measure the amount of drug bound and released. Results show
that RSG adsorbed to and was then released from both MNP types. We observed a rapid burst
release (within the first 6hrs) and by 24hrs 21.2+4.9% 0.057
and 8.36+0.98% of bound RSG was released from Al-
and Un-MNPs respectively. MTT assays revealed that
neither Al- nor Un-MNPs were cytotoxic to two beta-
cell lines (INS-1 and Min6 cells). However, a dose
independent effect on cell viability was found in
3T3L1 pre-adipocytes. RSG-UnMNPs were shown to
bind and activate PPARy in HEPA1-6 murine liver cells
using a PPARy response element (PPRE)-luciferase
reporter assay. Additionally, we have assessed the
ability of RSG-MNPs to target adipose tissue in a
rodent model of obesity using in vivo imaging
(SPEC/CT) of radiolabelled RSG-MNPs. Our results

suggest that MNPs are a viable delivery agent to target | ,cerase 0T
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Magnetic antibody-linked nanomatchmakers for therapeutic cell targeting
Ryan Middleton, MS and Eduardo Marban, MD, PhD
Cedars-Sinai Heart Institute, Los Angeles. Contact email: Ryan.Middleton@cshs.org

A central challenge in therapeutics is how to achieve selective, targeted cell-cell interactions.
Conventional cell therapy is limited by inefficient interaction between potentially beneficial cells
and the injured tissue. In the case of ischemic injury (e.g., heart attack or peripheral vascular
disease), we seek to bring healing cells together with injured cells more effectively. Novel
methods are required to attract the right cells to their targets, and to engage them with the target
tissue. Here we put forward the concept of magnetic antibody-linked nanomatchmakers for
therapeutic cell targeting. Iron nanoparticles, which can be detected by magnetic resonance
imaging (MRI) and enriched by magnetic focusing, are coated with antibodies directed against
the therapeutic cell and the disease target. The resultant nanocomplex enables molecular
matchmaking, physical targeting, and noninvasive imaging. By varying the antibodies and/or
adding a drug payload onto the iron core, the strategy is broadly generalizable. Moreover,
translatability to patients should be possible, given that both the iron nanocore and recombinant
human antibodies are widely utilized clinically.

The underlying logic is as follows: 1) Disease occurs when an insult outpaces the organism’s
ability to resist that insult. 2) Whether the inciting event is a pathogen, tumor growth, or
ischemia, natural defenses do exist, but they may not suffice to repel or offset the threat. 3) At
least part of the deficit is due to ineffective co-localization of healing cells and injured cells. 4)
Nanoparticles engineered specifically to co-localize healing cells and injured cells
(“nanomatchmakers”) have the potential to accelerate the healing process. 5) Utilizing multiple
distinct principles (molecular targeting plus physical enrichment) to achieve co-localization will
be superior to reliance on a single principle of action. If the logic holds, then the development of
novel nanomatchmakers has the potential to create an important treatment paradigm of general
applicability.

Desirable features of a nanomatchmaker include: 1) Ability to tailor particles for precise
cellular matchmaking at a molecular level; 2) Capacity for enrichment in diseased tissue by
simple physical principles, above and beyond molecular targeting; 3) Detectability by
noninvasive imaging; 4) Ease of delivery; 5) Ease of manufacturing; 6) Ready translatability to
the clinic. At the proof-of-concept level, we have developed a prototype nanomatchmaker which
fulfills all the criteria listed above. The prototype achieves in vivo cell-mediated tissue repair,
imaging and targeted enrichment without transplantation into the target organ. Iron
nanoparticles are conjugated with two types of antibodies (one against antigens on healing
cells, the other directed at injured cells) to produce a magnetic bi-functional cell engager
(MagBICE). MagBICE serves as a matchmaker to bring the two cells together for therapeutic
intent, and the iron core enables imaging as well as physical enrichment. We treated acute
myocardial infarction (MI) by targeting bone marrow-derived stem cells (expressing CD45) to
injured cardiomyocytes (expressing myosin light chain [MLC]). In vitro, MagBICE exhibited
minimal cytotoxicity and specifically bound bone marrow-derived stem cells and injured
cardiomyocytes, conjoining the two. In rats with MI, intravenously-infused MagBICE
concentrated in injured heart muscle, as visualized by MRI. Furthermore, MagBICE captured
circulating bone marrow-derived stem cells and targeted these cells to the injured heart tissue,
reducing scar formation and improving pump function. Targeting was further enhanced by
magnetic attraction, with a magnet placed over the injured heart. Thus, we have achieved
significant therapeutic efficacy, rivaling that of conventional cell therapy, with a novel
intravenously-infused nanoparticle.
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Denaturation-Resistant Magnetic-Fluorescent Colloidal Superstructures
Assembled via the Proteinaceous Barnase Barstar Interface
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To date, a number of biomolecule-mediated nanoparticle self-assembly systems have been developed
that are amenable to controllable disassembly under relatively gentle conditions. However, for some
applications such as design of self-assembled multifunctional theragnostic agents, high stability of
the assembled structures can be of primary importance. Here, we report extraordinarily high
durability of protein-assisted nanoparticle self-assembly systems yielding bifunctional (magnetic &
fluorescent) colloidal superstructures resistant to extreme denaturing conditions intolerable for most
proteins (e.g., high concentrations of chaotropic agents, high temperature) [1].

Use of proteinaceous “molecular glues” for nanoparticle self-assembly purposes is of interest due to
the advantages of introducing new functionalities to the self-assembled structures via additional
protein modules fused to initial molecules mediating assembly. Among them, we find the barnase-
barstar system (BBS) particularly noteworthy due to benefits offered by genetic engineering of this
entirely protein-based system and ease of heterologous prokaryotic expression of the proteins in
ample amounts [2].

In this work, we address the question of stability of the BBS-“glued” assemblies subject to
destruction. To this end, we test their behavior under severe protein denaturing conditions such as
high temperature and low pH as well as high salt and chaotropic agent (urea and guanidinium
hydrochloride) concentrations.
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1. U.F. Aghayeva, M.P. Nikitin, S.V. Lukash, S.M. Deyev. ACS Nano, 7(2), 950-961 (2013).
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USA, 107, 5827-32 (2010).

Performance of three different clinical magnetic nanoparticle tracers for
sentinel lymph node detection
J.J. Pouw"’, M. Ahmed?, B. Anninga?, K. Schuurman', M. Douek?, B. ten Haken'
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P.0O. Box 217, 7500 AE, The Netherlands, 2Research Oncology, Kings College London, United
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As most solid cancers, breast cancer predominantly metastasizes via the lymphatic system.
The presence of metastases is diagnosed by resection of the sentinel lymph nodes (SLNs),
which are the first draining lymph nodes from the primary tumour, followed by histological
analysis. SLNs can be localized and resected with a hand-held gamma probe after injection
of a radioisotope interstitially into the breast. However, the use of radioisotopes exposes
patient and health care workers to radiation, is heavily controlled by legislation.

A novel magnetic technique without these drawbacks, using a magnetic nanoparticle tracer
and a handheld magnetometer (SentiMAG, Endomagnetics LTD.), has recently been
developed [1, 2]. In these trials a magnetic tracer with a hydrodynamic particle size of 60nm
was used. The ideal magnetic is rapidly distributed to the SLNs, retained in the first nodes
reached and accumulates in high concentration in these nodes and not in higher echelon
nodes. We evaluated the performance of three different magnetic tracers, approved for use
in humans, on these aspects. Rienso, Sienna+ and Endorem, with hydrodynamic particle
sizes of 20, 60 and 80-150 nm respectively, were diluted to 11.2 mg Fe/mL. In 18 mini-pigs
(6 per tracer), 0.5 mL of magnetic tracer was injected into the third inguinal mammary gland,
bilaterally. Transcutaneous magnetometer measurements of the draining lymph node basins
were performed to assess the speed of uptake of the different tracers. After 4 h the SLNs
were identified with the magnetometer and excised. Quantification of tracer uptake in each
node was undertaken using VSM measurements.

SLNs were successfully identified in all 36 procedures. The smaller Rienso tracer identified a
mean of 2.9 nodes (1-5) per procedure, the intermediate sized Sienna+ 1.8 nodes (1-4) and
the larger Endorem 1.7 nodes (1-4). The mean iron content of the SLNs identified by Rienso
was lower compared to Sienna+ and Endorem. Transcutaneous magnetometer
measurements indicated that the intermediate sized Sienna+ tracer is distributed most
rapidly from the injection site to the SLNs, uptake was noticed within 10 minutes in all
Sienna+ procedures.

In conclusion, the 60 nm hydrodynamical diameter Sienna+ is currently the most suitable
tracer for magnetic SLN detection with the SentiMAG handheld magnetometer. It distributes
rapidly from the injection site to the SLNs, is retained in the first nodes reached, and
accumulates in high concentrations.

www.cancer.gov

www.endomagnetics.com

1. Douek, M., et al., Sentinel Node Biopsy Using a Magnetic Tracer Versus Standard Technique: The SentiMAG Multicentre Trial.
Ann Surg Oncol, 2014. 21(4) p. 1237-45.
2. Anninga, B., et al., Magnetic sentinel lymph node biopsy and localization properties of a magnetic tracer in an in vivo porcine

model. Breast Cancer Res Treat, 2013. 141(1) p. 33-42.
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Highly Effective Inhibition of Lung Cancer Growth and Metastasis by
Systemic Delivery of siRNA via Magnetic Mesoporous Silica-based Nanocarrier

Yijie Chen'”, Hongchen Gu', Ding Sheng-zi Zhang', Fan Li’, Tengyuan Liu!, Weiliang Xia®

'State Key Laboratory of Oncogenes and Related Genes. School of Biomedical Engineering. Shanghai
Jiao Tong University, ‘E-mail: chirejoe@hotmail com

Lung cancer has been the leading type of cancers with regard to mortality and mobility
New versions of RNAi-based therapy are greatly required to tackle the challenges of lung
cancer In this study, we developed a novel siRNA delivery vector based on our magnetic
mesoporous silica nanoparticles (M-MSNs) platform This nanocarrier was constructed by
loading siRNAs into the mesopores of M-MSNss, followed by polyethylenimine (PEI) capping.
PEGylation and fusogenic peptide KALA modification The resultant delivery system
exhibited prolonged half-life in bloodstream, enhanced cell membrane translocation and
endosomal escapablity, and favorable tissue biocompatibility and biosafety Systemic
application of vascular endothelial growth factor (VEGF) siRNA via this nanocarrier resulted
in remarkable tumor suppression, both in subdermal and orthotopic lung cancer models, while
tumor metastasis was also significantly reduced, overall leading to improved survival In
addition, the magnetic core of the particles and the functionalized fluorescence markers
conveniently enabled in vivo imaging of target tissues Taken together. this M-MSNs-based
siRNA delivery vehicle has shown very favorable applicability for cancer therapy

Figure. (A) Schematic representation of the design of this work: synthesis and application of this
nanocarrier Photographs of tumor tissues were collected at the end of experiments from (B) subdermal
model and (C) orthtopic model (D) Monitoring nanocarrier delivery into tumors in subdermal and
orthotopic (both tumor in situ and is) models by T>-weighted MR imaging (MRI) The four
groups are: i) saline; ii) M-MSN_NC siRNA@PEI-PEG-KALA; iii) M-MSN@PEI-PEG-KALA and iv)
M-MSN_VEGF siRNA@PEI-PEG-KALA

Manipulating Signaling Proteins via Magnetic Particles for Remote Cell Control
‘Adam Monsalve, Ana Bohorquez, Carlos Rinaldi? 35, Alexandra Garraud*, David Arnold+5, and Jon Dobson? 25
University of Florida, ‘Deprtment of Materials Science Engineering, J. Crayton Pruitt Family Dep nt of Biomedical it ’ammml
Engineering Department, Electrical and Computer Engineering Department, *Institute for Cell and. y

Magnetic nanoparticles (MNP’s), in particular iron oxides, represent an attractive option for
biomedical research and clinical applications as they can be remotely manipulated via external
applied magnetic fields. MNP’s are currently used as MRI contrast agents and are in use in clinical
trials of magnetic fluid hyperthermia (MFH) in Europe. Recent MFH studies have shown
experimentally that surface heating (Magnetically-Mediated Energy Delivery - MAGMED) occurs
under alternating fields where bulk solution heating was not observed. [1][2] This highly localized
heating ph offers a unique opportunity to deliver energy to surface bound ligands as a
mechanism of remote control over biological molecules. This offers the possibility of manipulating
the activity of molecules remotely in vivo using externally applied magnetic fields.

In addition, magneto-mechanical forces can be applied to magnetic particles targeted to cell
membrane receptors via the application of external, high gradient magnetic fields. To study the
downstream effects, signaling molecules are monitored during the experiment. Ca 2, one of the more
prevalent secondary messengers, proves useful for demonstrating magneto—mechamcal actuation via

release of intracellular calcium stores or activation of h ion 1s. Intracellul
concentrations of Ca 2 are hghtly regulated, and small changes in cellular envir t, physical or
chemical, can result in p Ilular changes. [3] Previous studies have shown that mechamml

stimuli can induce ca]cxum changes within cells using magnetic microparticles subjected to magnetic
field gradients. [4] We have utilized novel, laser-machined, high gradient NdFeB needles with a 100
pm tip diameter to actuate magnetic particles tagged to surface receptors. Fluo-4-AM, an intracellular
Ca 2 dye, increases its fluorescence 100-fold upon binding Ca 2, allowing for real time monitoring of
the signaling pathway via fluorescence microscopy and hme lapse image capture. We have shown
successful activation of brane receptors via magr hanical actuation in vitro utilizing
micromanipulator controlled NdFeB magnetic needles and are currently developing strategies for
activation and deactivation of additional cell signaling molecules.
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Responsive Core-Shell Nanoparticles for Medical Applications
Prof. Dr. Annette M. Schmidt

Professor, Institute for Physical Chemistry, Chemistry Department, Universitat zu KoIn, and Fraunhofer Institut fir
Umwelt-, Energie und Sicherheitstechnik UMSICHT, Oberhausen

Abstract

The convergence of responsive organic moieties with magnetic nanosized objects offers various
application perceptions in the biomedical area as therapeutic or diagnostic agents. The talk will
summarize recent developments with respect to site-specific or on-demand activity of
nanoscopic magnetic carriers with a focus on biocatalytic systems and the delivery of bioactive
small molecules. Combining concepts from polymer and colloid chemistry and material science,
we are engaged in the development of novel perspectives to get organic-inorganic hybrid
nanostructures into biological interaction.

A Novel Rotating-Crystal Magneto-Optic Technique for Malaria Diagnosis

Stephan Karl'", Agnes Orban’, Adam Butykai’, Wasan Forsyth', Danika Hill', Louis Schofield', Ivo
Mueller', Thomas Haenscheid®, Istvan Kezsmarki’

!Infection and Immunity Division, Walter and Eliza Hall Institute of Medical Research, 1G Royal Parade,
Parkville 3052 VIC, Australia, *Department of Physics, University of Technology and Economics, Miiegyetem
rakpart 3-9, 1111 Budapest, Hungary; *Microbiology & Infection Unit, Institute of Molecular Medicine,
University of Lisboa, Av Professor Egas Moniz, 1649-028 Lishoa, Portugal; *email: karl@wehi edu au

Malaria killed approximately 600,000 people in 2012. Efficient diagnostic tools are a
cornerstone of malaria control. Currently used diagnostic tests either lack sensitivity or are
too expensive to afford for resource limited countries, which bear most of the malaria burden.

We have developed a novel rotating-crystal, magneto-optic diagnostic (RMOD)
device for malaria diagnosis and tested it under laboratory conditions and on blood samples
collected from returned travellers with malaria infections. The RMOD technique is based on
detecting hemozoin, a by-product of malaria parasite metabolism inside infected red blood
cells. Hemozoin is a crystalline heme compound that can be found not only inside red blood
cells but also in leukocytes and tissues of infected individuals (Figure). It exhibits nearly
ideal paramagnetic properties. Due to their elongated shape, hemozoin crystals align when
exposed to a strong, homogenous magnetic field. When this field is rotated, the hemozoin
crystals follow the rotation in a manner that is dependent on crystal-size and the viscosity of
the sample suspension. This rotation is detected optically using a laser diode and a detector.
The RMOD technique is easy to perform and does not require additional expensive reagents.

We have shown that the RMOD technique has a detection threshold for malaria
parasites exceeding that of light microscopy (~10-50 parasites per microliter of blood), the
technique most widely used for malaria diagnosis. Furthermore, we have shown that parasite
maturation could be measured using RMOD methodology at unprecedentedly low parasite
levels and in a clinically relevant time-frame (<6h). Therefore, RMOD represents a promising
technology not only to diagnose malaria but also to develop novel, convenient and very
sensitive ways to measure parasite maturation in antimalarial drug susceptibility assays. In
the future, this may make it possible to customize antimalarial treatment based on the
resistance profile of the infecting parasite strain.
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Panel A: Origins of Hemozoin. Hemozoin can be found in red blood cells infected with
malaria parasites (Plasmodium sp.), in leukocytes and in certain tissues. Panel B: RMOD
technique. Polarized light from a laser diode (1,2) passes through the sample placed inside a
rotating magnetic field (3,4). Synchronous rotation of hemozoin crystals result in a hemozoin
concentration-dependent signal (5).
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Evaluating Metastatic Potential by the Cell Magneto-Rotation Method

Remy Elbez, Hernan Roca, Ken Pienta and Raoul Kopelman
The University of Michigan, Ann Arbor, MI

The Problem: Over the past decades, it has become accepted that cancer turns lethal mostly because of
metastatic spreads toward other tissues. While the body, with treatment, can fight one localized tumor, the battle
becomes more unbalanced as soon as other organs are also colonized and cease to function optimally. Therefore,
controlling metastasis, by stopping malignant cell migration, would significantly improve the chances of survival of
patients, as well as their quality of life, due to a restricted domain of tissues bearing tumors. However, most
therapies focus on a reduction of the tumor volume as a criterion for treatment success, but, in many cases,
unfortunately, current therapy fails to detect/neutralize the cells that are likely to regenerate a tumor, such as
the Cancer Stem Cells (CSCs). In addition, targeted therapies usually stress one particular kind of markers, but,
then again, they may become powerless against rapid mutations of the cancer. Instead of looking for particular
markers, we believe that monitoring what cancer cells do, rather than what they exhibit (i.e. their surface
markers), could help identify the most aggressive cells, among the general cancer cell population. By providing the
opportunity to extract common patterns of metastatic cells, one could potentially bypass the effects of inevitable
mutations and prevent both metastatic spread and a relapse of the patient, sometimes years later. Therefore, a
quantitative method for evaluating the metastatic potential of individual cells is badly needed.

The technology: Towards achieving the above scheme, we designed the Cell Magneto-rotation (CM) method, by
which one can monitor the shapes of suspended single cancer cells, without the cells being attached. Cells are
magnetized using superparamagnetic nanoparticles, and can be actuated by an external rotating magnetic field.
Combining the changes in rotation speed with image analysis for each of the single cells we image (between 100
and 200 at a time), we can monitor changes in morphology (e.g. turning amoeboid or protrusive) that we relate to
their metastatic potential. More specifically, our goal is to detect how the Epithelial to Mesenchymal Transition
(EMT), one of the critical transforming steps that a cell undergoes to become metastatic, affects the patterns of
morphology changes in cells. Most of the detection methods available today either rely solely on biomarkers,
which, as mentioned, may evolve and change during the course of a therapy, and/or on cells attached to a
surface. Contrary to the latter option, with CM, we can identify specific behavior in real time and detect minute
changes in the shape of the suspended cell. This could as well provide a very precious insight into what makes a
Circulating Cancer Cell (CTC) metastatic, its metastatic potential, and what agent could stop or neutralize it,
either before entering the bloodstream, or by preventing its attachment to the endothelial wall.

Highlights of progress: So far, we have successfully shown that CM is harmless to the cells, is able to detect, in
real time, morphology changes in single cancer cells, especially changes that characterize their metastatic
potential, and is able to monitor cells’ response to a chemical stressor in their environment (a drug or a toxic
agent). Using a multiplexed trapping device, we measured the repartition of different morphological types of
suspended cells among an epithelial PC-3 cell line and a (stable through passages) mesenchymal PC-3 cell line
(that was obtained through EMT of the previous PC-3 cell line). Our results showed that mesenchymal cells rely on
protrusions to probe their environment and move, while epithelial cells are mostly round or use small surface
blebs. However, when we disturbed the cytoskeletal structure using different inhibitors, mesenchymal either
turned toward a fast shape-changing amoeboid-type, or to a round shape cell. These cells, epithelial and
mesenchymal, were shown to share the same genotype, but have a very different phenotype. In order to increase
the volume of data that we can treat, and to increase the accuracy of our pattern recognition, we are currently
running cell identifications on a computer cluster. We are also investigating potential correlations between cell
phenotypes and their motility characteristics.

We acknowledgeNIH/NCI/ IMAT grant R21 CA160157 (RK & KP).

Interaction of Dynamic Magnetic Fields with
Magnetic Particles Immobilized at Lysosomes

Mar in Koch', Joachim Wiest?
" Stetter Elektronik, Hohenstrasse 5, 64342 Seeheim-Jugenheim, Germany, mko@mail.tele.dk

2 cellasys GmbH — R&D, Karlstrasse 96, 80335 Munich, Germany, wiest@cellasys.com

Abstract

In this study superparamagnetic iron oxide particles (Spions) were employed. The Spions
were loaded with antibodies for the lysosomal membrane and moved by a dynamic
magnet field above an adherent cell layer (Figure 1). A virus trying to invade a cell is
emulated by the particle’s rolling motion above the cell’s surface. An invasion of the beads
into the cells was finally accomplished endocytotically (First step). Then, inside the cells,
close to the lysosomal membrane, the Spions were immobilized due to a covalent
antigen/ant body binding. A following wiggle action (Second step) could permeabilize the
lysosomal membrane, setting free aggressive enzymes inside the cytosol, which provoked
apoptosis.

Principles of the Dynamic Field System
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Fig.1 Principle of he first step, where he particles are moved above the cell layer by a magnetic dynamic
field, herewith copying a virus which is infecting a cell.
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Magnetic separation of algae expressing enhanced intracellular ferritin concentration

Amy Buck’, Lee R. Moore’, Christopher Lane’, Nicolas White?, Wei Xue®, Jeffrey J.
Chalmers®, Maciej Zborowski'

’Departmem of Biomedical Engineering, Cleveland Clinic, Cleveland, OH 44195; 2P’hycal Inc..
Cleveland. OH: *William G. Lowrie Department of Chemical and Biomolecular Engineering,
The Ohio State University, Columbus, OH 43210, US A ; “E-mail: zborowm(@ccforg

Algae were investigated in the past as a potential source of biofuel and other useful chemical
denivatives. An important step in algae processing is dewatering of cellular mass prior to lipid
extraction. Magnetic separation of algae has been proposed by others based on iron oxide
nanoparticle binding to cells. We have investigated feasibility of magnetic separation based on
the presence of natural iron store in the cell, the fernitin, based on development of
Auxenochlorella protothecoides (A. p.) strains with
enhanced assimilation storage and tolerance to

= c c = c o =
82 'g. S 83 R E % paramagnetic elements. A number of A. p.
8uzx £8 E = € constructs were developed and tested for inserted
gé2 Ez 8 - :
- 7T E’ o * genes and for increased cell magnetophoretic
B mobility (by cell tracking velocimetry, CTV). The

cells were cultured in increasing concentration of
soluble iron compound (FeCl; EDTA. from Ix to
8x compared to baseline) in culture media
(Sueoka’s high salt media with a modified trace
metals solution and added vitamin B1) in order to
increase their intracellular iron concentration. The
cell magnetic separation conditions were tested
using a thin rectangular channel pressed against
interpolar gaps of a permanent magnet forming a

separation system of a well-defined fluid flow and
¢ magnetic fringing field geometry (dubbed magnetic
deposition microscopy, or MDM, Figure).
Following culture. the cell suspension was pumped through the MDM system (Figure) to test for
the presence of the magnetically susceptible cells. The presence of magnetic cells in suspension
was detected by formation of characteristic deposition bands at the edges of the magnet
interpolar gaps (Figure) amenable to optical scanning and microscopic examination. The results
were corroborated by inductively coupled plasma mass spectroscopy (ICP-MS) and by cell
tracking velocimetry (CTV) confirming increasing cellular Fe uptake with increasing Fe
concentration in the culture media in wild type strain (shown in Figure) and in selected
genetically modified constructs. The well controlled field and flow parameters of the MDM
analysis allowed theoretical modeling of the magnetic cell separation process and extrapolation
of key magnetic separation parameters to industrial scale algae dewatering.
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Renal Function Evaluation by Alternating Current Biosusceptometry of
Magnetic Nanaparticles
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The collection and cl e of magnetic tracers in the kidney of rats were assessed trough the time

lution of ic signals obtained with an AC bi P This device consists of a pair of air

coutnnsfonnets onewodungasamﬁermceandﬂ:eoﬂ)uasmeasntmgmsformtandhasbeen
extensively used to study gastrointestinal motility (1) and pharmaceutical sciences (2,3) in our group

Eight male Wistar rats weighing from 200 to 250 g were employed in this experiment A magnetic
nanoparticle (MNp) tracer based on manganese and iron oxide with an average diameter of 13 nm was
used (4) After anesthesia the animal was positioned as shown in figure 1 (left) with the sensor fixed at
the lumbar projection The magnetic tracer was administered through and infusion in the right femoral
vein

Figure 1 (right) shows a typical plot of the signal versus time In all data obtamed, it is possible to
observe the arrival of the MNps at the kidney, the increase in signal i ity i g the collection of
MNps in the organ and its clearance The clearance appears to have two slages with rhﬁuent decay times
The time it takes for the signal to decay at half of its maximum intensity (T:;) was measured in all
animals giving Ty=(17s=14)

The AC biosusceptomter has sensitivity to detect the presence of the MNps in the kidney and
dynamical studies of the kidney activity can be performed This instrument will be used to explore the
presence of MNps in other organs

Acknowled Partial fi ial support: FAPESP, CNPq and CAPES
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Figure 1: Positioning of the sensor to acquire the magnetic signal from the kidney (left) and typical signal
versus time After the injection, there is a rapid increase of the signal that decays to base line after a few
seconds
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Molecular diagnostics based on magnetic nanobead clustering dynamics
monitored using a Blu-ray optomagnetic readout system

M. Donolato"’, P. Antunes', R. S. thedZ T. Zardan Gémez de la Torre?, A. Ahlford’, M. Stromberg” s
M. Nllsson M. Stmmme E.T. ku C. Chen® P. Svedlmdh ABmsen P. Vavassori* , ML.F. Hansen'”
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The detection of specific DNA sequences has facilitated the diagnosis and targeted treatment of several human diseases
Although great advances have been made, pathogenic bacteria are mainly identified using bacterial culture, colony
counts or using polymerase chain reaction In this work we demonstrate detection of DNA coils formed from Vibrio
cholera, via padlock probe recognition and isothermal rolling circle amplification at pM concentrations ! The readout
is based on a novel opto-magnetic approach exploiting the change of the clustering dynamics of magnetic nanobeads
(MNBs) when these are bound to biomolecules

The technique relies on measurements of the light transmission modulation caused by the AC magnetic field-stimulated
reversible formation and disruption of elongated MNB supra-structures during a cycle of the uniaxial applied magnetic
field MNBs that bind to the um-sized DNA coil cannot rotate under the field action to form MNB chains This results
in a strongly modified opto-magnetic signal The non-contact readout system uses a commercial Sony Blu-ray pickup
head (the same as in a PlayStation 3) as a single and unique optomagnetic component and it is combined with a
centrifugal microfluidic platform for easy multiplexed analysis (Fig 1a)

We show that the method can detect DNA coils down to a concentration of 10 pM with a linear range up to a few
hundreds of pM (Fig 1b) Compared to a readout using magnetic susceptometry®™?, the presented system shows a
similar or enhanced sensitivity and the approach is easily integrated with upstream sample processing in a low-cost
disposable system In conclusion, dynamic properties of magnetic nanoparticles are for the first time combined with
existing technologies (Blu-ray reader) to achieve bacterial DNA detection in a miniaturized and truly low-cost platform
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Figure 1 (a) Picture of the set-up used for the measurements, where a Sony Blu-ray pickup-head is used as a readout element The
light, modulated by MNBs (Micromod 100 nm BNF starch, 0 1 mg/mL), reflected by the mirror is analyzed using a data acquisition
card (b) Data obtained (2™ harmonic, in phase component) for different concentrations of DNA coils formed from cholera by rolling
circle amplification The inset shows the dose response curve with a detection limit of 10 pM

[1]M Strémberg et al , Nano Lett.8, 816-821 (2008)
[2] T Z Gémez de la Torre et al., Biosens Bioelectron 29, 195-199 (2011)

New method of investigation of affinity properties of magnetic
nanoparticles with recognition receptors
P.I. Nikitin, N.G. Massarskaya, T.I. Ksenevich, B.G. Gorshkov

General Physics Institute, Russian Academy of Sciences, Moscow, Russia
e-mail: nikitin @kapella.gpi.ru

Magnetic nanoparticles (MNP) are very promising labels for biosensing [1]. This application
field requires quantitative estimation of the recognition properties of receptors on the MNP
surface depending on the method of their coupling to MNP. In this work, a novel method for
quantitative study of the affinity constants of the receptors on MNP has been developed based
on the spectral correlation interferometry (SCI) [2]. The SCI allows recording of thickness
changes Ad averaged over the sensing area of a layer of molecules or nanoparticles on a
surface of a cover slip with a picometer resolution.

The kinetic constants of interacting agents are measured by processing of the SCI sensograms,
which are 4d(t) dependences of binding reactions, using the equilibrium association model.
The representative sensograms for all stages of a sandwich immunoassay with using MNP as
the labels for detection of cardiac troponin I (cTnl) are shown in Fig. 1. The obtained kinetic
association constants for each stage of the assay are given in Table. The values of kinetic
association constants observed at the MP stage are 2-3 orders of magnitude higher than those
of molecular antibody (AB) association with antigen (AG). Such good kinetic characteristics
of AB coupled with MNP are due to polyvalence of MNP having several AB simultaneously
on the surface of nanoparticles.

The developed method, being of special interest for investigation and kinetic characterization
of interaction of nanoparticles with molecules, offer practical prospects. In particular, the
developed optomagnetic biosensor based on the SCI with MNP employment demonstrates
high sensitivity and wide dynamic range for detection of the antigens. The 50-nm MNP
employed as labels yield 100-fold amplification of the SCI signals, and the achieved detection
limit for cTnl is 0.1 ng/ml, which is relevant to earlier diagnostics of myocardial infarction.
This biosensing approach with disposable sensor chips of inexpensive cover slips and MNP is
an economically sound alternative for immunoassays for disease diagnostics, detection of
pathogens in food and environmental monitoring.

Ad, nm Observed kinetic association constant,
== Surface t Mgt
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} Table. Dependence of the kinetic
\ association constant observed at each stage
0 of the assay for different surface types
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Fig.1. Sensograms of the assay on the biotinylated (bottom) and epoxylated (top) surfaces of the
cover slip: AB; — capture antibody; AG — cTnl; AB, — tracer antibody; MNP — association with
receptors coupled with magnetic nanoparticles

[1]. A.V. Orlov, Y.A. Khodakova et al. Anal. Chem. 85 (2013) 1154-1163.
[2]. P.I. Nikitin, B.G Gorshkov, E.P.Nikitin, T.I. Ksenevich. Sens.& Act. B, 111-112 (2005) 500-504.
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On-chip magnetic bead-based DNA melting curve analysis
using a magnetoresistive sensor

Giovanni Rizzi, Frederik Westergaard Gsterberg, Martin Dufva, Mikkel Fougt Hansen

Department of Micro- and Nanotechnology, Technical University of Denmark,
DTU Nanotech, Building 345 East, DK-2800 Kongens Lyngby, Denmark

We present real-time measurements of DNA melting curves in a chip-based system that detect the amount of surface-
bound magnetic beads using so-called planar Hall effect bridge (PHEB) magnetic field sensors. The sensors use a new
differential sensor geometry (Fig. 1) that detects the difference between the amount of beads between the top and
bottom sensor branches.' The sensor surfaces are functionalized with wild type (WT) and mutant type (MT) capture
probes, respectively, differing by a single base insertion (a single nucleotide polymorphism, SNP). Matching
biotinylated targets in suspension couple streptavidin magnetic beads to the sensor surface. The beads are magnetized
by the field arising from the bias current passed through the sensor and thus no external magnetic fields are needed.
Here, we expand on our previous work' by demonstrating the first on-chip measurements of the melting of DNA
hybrids upon a ramping of the temperature. This overcomes the limitation of using a single washing condition at
constant temperature.” Moreover, we demonstrate that a single sensor bridge can be used to genotype a SNP.

The sensors (Fig. 1) are based on the anisotropic magnetoresistance of permalloy, exchange-biased to have a magne-
tization along the x-direction in zero external magnetic field. An alternating bias current of amplitude I,, = 25 mA and
frequency f = 167 Hz is passed through each sensor. The magnetic bead signal is found in the out-of-phase 2™ signal
V,' obtained by lock-in technique from the bridge voltage Vy.1 As the bottom and top halves of the sensor bridges are
identical, the bridge output is proportional to the difference between the amount of beads experienced by them. This
efficiently eliminates a background from magnetic beads in suspension as well as due to unspecifically bound beads.
Three sensors on a sensor chip were functionalized with WT and MT capture probes as illustrated in Fig. 1. A referen-
ce sensor functionalized directly with biotinylated DNA was used to correct for the temperature dependence of the
sensitivity. In the experiments, equal volumes of the stock solution of 50 nm Streptavidin Microbeads (Miltenyi
Biotec) and 10 nM WT DNA target were mixed and injected on the sensor. After hybridization for 60 min, the
unbound target and magnetic beads were washed away with 0.05xsaline-sodiumcitrate. Then, the sensor signals were
measured while increasing the temperature at a rate of 0.1°C/s. Fig. 2 shows the sensor signals relative to the positive
reference vs. temperature. The mismatched DNA duplexes formed between the WT target and MT probes melt at a
lower temperature than the matching ones between the WT target and WT probes. The signals tend to zero when the
temperature increases above 60°C. The signal from the WT-MT sensor is identical to the difference between the
signals from the WT and MT sensors and it displays a clear maximum at the temperature with the highest difference
between matched and mismatched DNA hybrids and thus allows for single sensor detection of the SNP.
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Fig. 1. Sensor geometry and illustration of the functionalization of the sensors with ~Fig. 2. Sensor signals vs. temperature for the indicated
biotinylated WT, MT and reference capture probes. Each sensor arm (shown in light ~sensors. Signals are reported relative to that obtained
green) has a length / = 250 pm and width w = 25 pm. from the reference sensor. The obtained melting
temperatures are indicated.

[1] G. Rizzi, F.W. @sterberg, M. Dufva, M.F. Hansen, Biosens. Bioelectron. 52, 445 (2014).
[2] M. Dufva, J Petersen and L. Poulsen, Anal. Bioanal. Chem. 395, 669 (2009).

Application of Magnetic Nanoparticles (SPION) in Medicine —
The SEON-Concept

Christoph Alexiou

Department of Otorhinolaryngology, Head and Neck Surgery, Section of Experimental Oncology and
Nanomedicine (SEON), Else Kroner-Fresenius-Stiftung-Professorship, University Hospital Erlangen,
Glickstrasse 10a, 91054 Erlangen, Germany

Magnetic Nanoparticles are used for a variety of applications in medicine This ranges from in vitro
diagnostic  tests, in vivo imaging, targeted drug delivery and tissue regeneration
To translate basic findings into clinical trials several requirements such as detailed synthesis and
characterization of the nanoparticles, nanotoxicological testings, ex vivo models to simulate in vivo
conditions for appropriate adjustment of the necessary parameters and pre-clinical animal studies have
to be addressed These results are of pivotal importance to start with respective GMP production and
approval, which is essential for translating these products into clinical trials (scheme)
SEON (Section of Experimental Oncology and Nanomedicine) addresses these issues with a special
focus on drug delivery in oncology" and their promising potential applications in cardiovascular?,
regenerative medicine® and imaging* The aim is the translation of the preclinical results into clinical
trials and the respective steps necessary to gain this ambitious object

The SEON-Concept - from bench to bedside
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evaluation =
%
ln vivo fl 5 " 3

Biological
mechanisms GMP-compliant
production

Nanoparticle

Scheme of the SEON-Concept, addressing the respective steps to translate basic/pre-clinical results into clinical trials
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Multifunctional Magnetic Nanoparticles for Targeted

Cancer Diagnosis and Therapy

Jing Yu, Rui Hao, Yanglong Hou!*
! Department of Materials Science and Engineering, College of Engineering.
Peking University, Beijing 100871, China
*E-Mail: hou@pku edu cn

Magnetic nanoparticles (NPs). which possess controlled size, shape and magnetic moments,
have been applied as multifunctional probes in biomedical field, including MRI, drug delivery
and magnetic hyperthermia, by enhancement of contrast in magnetic resonance imaging (MRI)
and emote manipulation [!]

In this talk, we will first present general protol of monodisperse magnetic NPs, and then
give an example of hollow manganese phosphate (HMP) NPs with particle size of 18 nm and a
10 nm hollow structure, for pH-modulated cancer cell targeted MRI and drug delivery.  Folic
acid (FA) was selected as a target molecular for specific binding with cancer cells, and
doxorubicin was loaded into the hollow structure for cancer therapy. This multifucntional probe
can specifically target cancer cells overexpressing FA receptors, and be engulfed by lysosomes.
The HMP NPs were dissolved at low pH environment in lysosomes, which can release Mn®* for
sensitive MRI, and DOX loaded for effective killing of cancer cells. Bl

We then talk about Hagg iron carbide (FesC;) magnetic NPs for bimodal tumor imaging and
therapy (Scheme). ! Interestingly. due to the presence of carbon layers of NPs, with high
absorption in near-infrared (NIR) optical region, FesC; NPs can be used for photoacoustic
tomography (PAT) and photothermal therapy (PTT). The probe exhibits high saturation
magnetization, 1; relaxivity and temperature increasing after exposure to NIR. The conjugation
of Herceptin enabled the targeting to Her2-overexpressed cells (SK-OV-3 cells). After
incubation with NPs in vitro, SK-OV-3 cells showed much lower MRI T2 signal, and no
noticeable in vitro toxicity has been observed. Determined by using a fluorescent viability stain,
cells incubated with NPs and exposed to NIR light were found to have undergone
photothermally induced morbidity. The in vivo experiments were carried out on nude mice with

ovarian cancer modal. After injection .

of NPs through the tail vein, it showed PTT Therapy
long-lasting negative-contrast M \—)
enhancement MRI as well as high PAT Carbon )

signal at the tumor site. High tumore Ziera, 302 \pn)
ablation was achieved after NIR 3 i

irritation. From the loss of body weight, Temmens Disgriosis
morphological and pathological esC, MR
examinations, almost no systematic “ PEG J
toxicity has been observed. Our results Affibody Zuerz. a2 w

highlight the great potential of FesCy O carvon
NPs as a multifunctional probe for @ FeC:
cancer theranostic applications. Schematic illustration for the design of FesC: NPs

as a targeted theranostic platform.
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Magnetic Particle Spectroscopy to quantify blood half-life of
superparamagnetic iron oxide nanoparticles in a mouse stroke
model

F. Wiekhorst!, T.D. Fan‘2, M. Fiichtemeier’. U. Harms’,
M. Endres’, Ch. Harms’, L. Trahms'

lPh, ikalisch-Technische Bund 1t, Abb 2-12, 10587 Berlin
2 Center for Stroke Research Berlin, Charite University Medicine Berlin, Charitéplatz 1. 10117 Berlin
*E-Mail: frank wiekhorst@ptb de

The application of magnetic resonance imaging (MRI) employing superparamagnetic iron oxide
nanoparticles (SPIOs) as a confrast agent is presently investigated as a modality to monitor signal
mtensity changes by SPIOs in the 1schemic region dunng the acute stage of (experimental) stroke [1]
In a preclinical stroke study of middle cerebral artery occlusion (MCAO) in mice we employed
Magnetic Particle Spectroscopy (MPS) to determine the blood half-life of three different types of
SPIOs and their uptake in organs [2]

At different time intervals after iv-injection of a SPIO dosage (300 or 1000 gmol/kg body weight),
consisting of either VSOP (citrate coated SPIOS, Chanté Berlin) or Feraheme® (carbohydrate coated,
Amag Pharmaceuticals), about 50 pl blood samples stabilized in EDTA were taken from the mouse
and measured by MPS MPS detects the nonlinear magnetic response of SPIO exposed to an
oscillating magnetic field (25 mT at 25 kHz) The amplitude of the MPS signal 1s proportional to the
SPIO amount while biological tissue and paramagnetic blood iron do not contribute

Before mjection, no magnetic signals could be detected in blood, while the SPIO concentration
increased dramatically within the first two minutes after the infusion reaching concentrations larger
than 100 (400) ng Fe/mg blood for the 300 (1000) umol’kg dosage With increasing time after
mjection the SPIO concentration monotonically decreased as shown for the 300 pmol’kg dosage in
Fig 1 (left) for both SPIO types By fitting a single exponential c(f)=c; exp(-t/7) the blood half-life 7
was extracted As depicted in Fig 1 (right) Feraheme SPIO circulate longer than VSOPs Furthermore
the half-lives are dosage dependent

Note that the MPS signal reflects only the iron of magnetic nanoparticles and is not compromised by
natural body iron Due to its high sensitivity only small sample volumes of 10 to 100 nanograms of
SPIO 1ron per sample are required for a reliable SPIO quantification The short measurement time and
easy sample handling make MPS the ideal high-throughput magnetic nanoparticle quantification tool
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Dendronized magnetic core-shell and cubic shaped nanoparticles designed for
targeting, MRI and hyperthermia

Aurélie Walter, Delphine Felder-Flesch,? Claire Billotey,” Sylvie Begin-Colin,*"
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® Hospices Civils de Lyon - Service de Médecine Nucléaire Pavillon B, 5 place d’Arsonval,
69437 Lyon cedex 03, France.

Corresponding author: sylvie begin@ipcms unistra fr

Some of the significant and most promising applications for inorganic nanoparticles (NPs) lie
in the fields of biology and biomedicine Due to their magnetic properties tuned by their shape
and/or composition, superparamagnetic iron oxide NPs (SPIO) with appropriate surface
chemistry can be used in numerous in vivo applications such as MRI contrast enhancement,
hyperthermia treatment, cell sorting, drug delivery

In that context, we propose a concept combining a dendritic coating of magnetic oxide
nanoparticles with phosphonate anchors Indeed, phosphonates ensure a strong anchoring at
the NPs surface while preserving their magnetic properties, and dendritic shells, in addition to
their small and easily controllable size (as a function of their generation), are promising
building blocks simultaneously solving the problems of biocompatibility, large in vivo
stability and specificity Dendronized iron oxide nanoparticles were demonstrated to induce
any cytotoxicity In vivo and in vitro MRI measurements showed that the contrast
enhancement properties of the dendronized NPs were higher than those obtained with
commercial polymer-coated NPs Moreover, both types of dendronized NPs were eliminated
by urinary and hepatobiliary pathways without unspecific uptake especially in the RES organs
and in the lungs The design of dendronized NPs was further improved to obtain theranostic
nano-objects (which can both identify disease states and simultaneously deliver therapy) by
adjusting the morphology and the composition of the inorganic magnetic core and by
designing multifonctionalized dendrons These NPs were found suitable to combine imaging
and therapy by hyperthermia Finally these dendronized NPs bearing melanin vectors were
demonstrated very suitable to specifically target in vivo tumoral cells
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Depth limitations for in vivo magnetic nanoparticle detection
with a compact handheld device
M. Visscher, S. Waanders J.J. Pouw, B. ten Haken*

MIRA Institute for Biomedical Engineering and Technical Medicine, University of Twente, Enschede,
P.O. Box 217, 7500 AE, The Netherlands, ‘e-mail: b.tenhaken@utwente.nl

In vivo magnetic particle detection with a compact handheld device was recently
demonstrated in clinical trials for the Sentinel Lymph Node Biopsy (SLNB) procedure in
breast cancer patients [1,2]. An important outcome from this research is that the clinical
requirements for sensing depth and sensor size are more demanding than can be realized
reliably with the existing detection technology. We will give a short review of the existing
detection technology and its limitations in terms of the diamagnetic properties and the
irregular geometry of the human body surrounding the magnetic nanoparticle target.

Given the large ratio between the magnetic susceptibility of the particles and the tissue
(>10°), the uncertainties in the human skin thickness(~1 mm) and the limited sensor area
(~10 mm), the particle sensitivity is limited to 1 — 10 pg in a 1 — 10 mm sensing window. In
our patients we observe varying particle quantities 1 — 350 pg in the excised Sentinel Lymph
Nodes. The depth estimation, obtained from preoperative MRI images, shows that a
significant number of these nodes is located much deeper than 25 mm in the body. Due to
the irregularly shaped, water-like diamagnetic body, the clinically required detection depth
cannot be realized with a linear magnetic susceptibility based sensing method.

The main conclusion is that the clinical case needs a different detection technology, instead
of a further improvement of the susceptibility measurement. An available method is MRI
which is costly and presently not usable in the operating theatre. A more attractive alternative
that is usable in the operating theatre was recently introduced as DiffMag [3]. By utilizing the
highly non-linear superparamagnetic magnetization relation, this technology can realize the
clinical demands for SLNB detection. By carefully compensating the diamagnetic signal from
the human body, a DiffMag system can detect superparamagnetic nanoparticles system, up
to a depth which is significantly larger than the sensor diameter.

1. Douek, M., et al., Sentinel Node Biopsy Using a Magnetic Tracer Versus Standard Technique: The SentiMAG Multicentre Trial.
Ann Surg Oncol, 2014. 21(4) p. 1237-45.

2. Thill, M., et al., The Central-European SentiMag study: Sentinel lymph node biopsy with superparamagnetic iron oxide (SPIO) vs.
radioisotope. Breast (Edinburgh, Scotland), 2014. 23(2), 175-179.

3. Waanders, et. al., Method and apparatus for measuring an amount of superparamagnetic material in an object., Patent

application EP 12194029.0., Priority date 23 nov. 2012
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Magnetorelaxometry imaging of magnetic nanoparticles with
inhomogeneous fields based on plane-wise sensitivity

Daniel Baumgarten

Institute of Biomedical Engineering and Informatics, Technische Universitat Ilmenau, llmenau, Germany,

Email: daniel baumgarten@tu-ilmenau de

Promising biomedical applications of magnetic nanoparticles share the need for a quantitative
knowledge of their in-vivo distribution. Magnetorelaxometry (MRX) non-invasively obtains
the characteristic relaxation behavior of the particles after being exposed to sudden changes of
an external excitation field. From multichannel MRX measurements employing homogeneous
excitation fields, the distribution of the particles can be quantitatively determined by
minimum norm estimation techniques [1]. The sequential activation of inhomogeneous
excitation fields leads to a considerably enhanced imaging quality [2]. In first studies, single
coils were consecutively activated. We aim at further advancing this imaging technology by
finding suitable activation patterns involving multiple excitation coils.

In this work, these patterns are defined based on the spatial sensitivity [3] in the source space
that describes the influence of a voxel on the sensor system. It is determined by the geometric
relation between the voxel and sensor positions as well as the excitation field in the voxel.
While the first are fixed within a given setup, the latter can be controlled by the currents in the
excitation coils. Defining a target sensitivity, the required excitation currents can be estimated
by solving an inverse problem.

In our work, the target sensitivities are maximized in single planes of the source space while
preserving a low sensitivity elsewhere (see fig. a). These planes are moved through the source
space in all three orientations, defining one excitation pattern per plane position. In an inverse
paradigm, all voxels except for one plane are sensitive. Both approaches are investigated in
simulation studies using a surrogate setup (fig. b) and their imaging quality is evaluated for
varying number and dimension of the planes.

Our results (fig. c) demonstrate the principal applicability of spatial sensitivity based
approaches of defining inhomogeneous activation patterns for magnetorelaxometry imaging
of magnetic nanoparticles. The obtained activation patterns targeting plane-wise sensitivity
and non-sensitivity, respectively, allow for a similar imaging quality using a lower number of
activation sequences compared to the conventional single coil activation.

b) surrogate sensor  c¢) simulated particle distribution (top)
and excitation setup  and example reconstruction (bottom)

[1] D Baumgarten et al Magnetic nanoparticle imaging by means of minimum norm estimates from remanence
measurements Med Biol Eng Comp, 46(12):1177-1185, 2008

[2] U Steinhoff et al Imaging of magnetic nanoparticles based on magnetorelaxometry with sequential activation of
inhomogeneous magnetization fields Biomed Tech, 55:22-25, 2010

[3] G Crevecoeur et al Advancements in magnetic nanoparticle reconstruction using sequential activation of excitation coil
arrays using magnetorelaxometry IEEE Trans Magn, 48(4):1313-1316, 2012

Tracking of adipose tissue-derived progenitor cells using two magnetic nanoparticle types
A. Kasten'*, B.J. Siegmund', C. Griittner?, J.-P. Kiihn3, B. Frerich'

! Department of Oral and Maxillofacial Surgery, Facial Plastic Surgery, Rostock University Medical Center, Schillingallee 35,
D-18057 Rostock, Germany
2 Micromod Partikeltechnologie GmbH, Rostock-Warnemiinde, Germany
3 Department of Radiology and Neuroradiology, Greifswald University Medical Center, Greifswald, Germany
* E-Mail: annika.kasten @med.uni-rostock.de

Magnetic resonance imaging (MRI) is to be considered as an emerging detection technique for cell tracking
experiments to evaluate the fate of transplanted progenitor cells and develop successful cell therapies for Tissue
Engineering. Adipose tissue engineering using adipose tissue-derived progenitor cells has been advocated for the
cure of soft tissue defects or for persistent soft tissue augmentation.

For cell labeling, bionized nanoferrite particles (BNF) and superparamagnetic iron oxide dextran particles
(nanomag®-D-spio(SPI0)), both coated with poly-D-lysine and 100 nm in diameter, were used. For initial in vitro
studies, adipose tissue-derived mesenchymal stem cells (ASC) were labeled with BNF (10/25/50 pg Fe/ml) and
SPIO (25/50/100 pg Fe/ml). Regarding the influence of nanoparticle labeling on cellular functions, both
nanoparticle types altered the proliferation as well as differentiation potential of ASC in a dose-dependent manner.
Compared to unlabeled cells, proliferation of ASC was enhanced three times (BNF) as well as twice (SPIO) at the
lowest labeling concentrations but increased as labeling concentrations were likewise increased. For testing the
adipogenic differentiation potential, the accumulation of lipid droplets was analyzed. The treatment with BNF
resulted in a concentration-dependent reduction of adipogenic differentiation, whereas only SPIO-labeling at 100 pg
Fe/ml decreased lipid droplet accumulation. To test the MRI detection in vitro, nanoparticle labeled ASC were
embedded in 1.5 % agarose and scanned using a high-field 7.1 Tesla animal MR system (ClinScan, Bruker). Both
BNF-labeled as well as SPIO-labeled cells were successfully detected at all labeling concentrations (Figure 1).
According to findings of the in vitro study, ASC were labeled with both BNF and SPIO at the lowest labeling
concentration. Labeled cells were seeded onto collagen scaffolds and subcutaneously implanted into severe
combined immunodeficiency (SCID) mice. MRI scans were performed at several time points (24 h up to 4 months)
resulting in a successful visualization of the cell seeded scaffolds. Moreover, volumetric analyses were performed
revealing a significant volume loss over time.

In conclusion, first insights are provided showing the successful transfer of an in vitro cell tracking model using

MRI in an in vivo SCID mice model.

Figure 1: Visualization of
(A) unlabeled cells, (B) BNF
and (C) SPIO labeled cells
(labeling concentration:

50 pg Fe/ml) embedded in
agarose using a 7.1 Tesla
animal MR system (ClinScan,
Bruker).
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Nano-thermometer with Thermo-sensitive Polymer Grafted USPIOs
behaving as Positive Contrast Agents in low-field MRI
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146, rue Léo Saignat, F-33076, Bordeaux France
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We designed ultra-small superparamagnetic iron oxide (USPIO) nanoparticles of constant core
diameter ~10 nm with a poly(ether) shell “breathing” reversibly between a highly hydrated state at low
temperature and a de-hydrated state above the LCST of the chains, two statistical copolymers of
ethylene and propylene oxide, Jeffamine® M-2005 (PEO;-st-PPO5;) and M-2070 (PEOu-St-PPO;5)
Their LCSTs were measured by DLS and NMR at 22+1°C for M-2005 and 52+1°C for M-2070
Several attempts were made in the literature to compare the efficiency as MRI contrast agents of
magnetic nanoparticles (MNPs) with the so-called “outer sphere” model developed in the nineties ' On
the one hand this model contains very few parameters, namely the size and the magnetization of the
sphere limiting the volume accessible to water protons On the other hand, these parameters can hide
more subtle differences between the samples, like the permeability to water protons or more generally
the “hydrophilicity” of the particles In the case of particles made of an assembly of several USPIOs
arranged as a cluster, there were experimental evidences that a hydrophilic polymer coating
significantly raised up the efficiency as negative (T,) contrast agents, as shown for magnetic minigels >

In the present work, we examined
the case (to our knowledge not reported yet)
of the effect of the hydration degree in the
USPIO-case, i.e. for un-clustered MNPs
Researchers in this area realized that small
USPIOs maintained in a perfect individually
dispersed state thank to a repulsive polymer
coating (PEG, polysaccharides...) behave
not only as negative MRI contrast agents,
but also as positive (T;) contrast agents >
This seems to be a particularly interesting
challenge for the chemists to develop
coatings based on (bio)-polymers to prevent the clustering of USPIOs in physiological conditions The
positive contrast (hyper-signal compared to pure water) is indeed a property that can be obtained with
contrast agents truly at the nano-scale, and that disappears as soon as the MNPs are slightly aggregated
(the effect of USPIOs clustering being more sensitive on the T, relaxation of the neighboring protons
than on their T, relaxation) This is thus an example of true “nano effect” in the biomedical area! With
this fundamental view in mind, we built a simple system of USPIO cores that can be compared in two
hydration states: either hydrated or dehydrated The longitudinal and transverse relaxivities can be
understood within the frame of the outer sphere model, with a relaxometric radius and an overall
magnetization that vary in perfect agreement with the picture of a polymer shell hydrated below the
LCST and collapsed above it, thus impermeable to protons (see above sketch)
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Magnetic Nanoparticles in Mural Tumors detected and quantificated
by Micro-Computertomography
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Magnetic nanoparticles enable a new field of promising opportunities for medical applications.
Particularly magnetic drug targeting for cancer research is an interesting approach. For further
research regarding this application the knowledge of the biodistribution and quantity of the
nanoparticles in biological tissue during and after therapy is essential. For this purpose we used
micro-CT imaging to analyze the distribution.

Our investigations focus on determining the amount of nanoparticles incorporated in a mural tumor
(FaDu cell line). Due to the fact that mural tumors have a small volume, there are only minor
masses of 30-300 pg nanoparticels to detect. To achieve exact results we developed a new method
for calibrating the micro-CT. In contrast to earlier CT-calibrations, especially considering the
procedure used by Rahn (Rahn et al. 2012), we used Magnetorelaxometrie (MRX) to quantify mural
tumors and therefore to define the calibration function. Via MRX the mass of magnetic particles
was measured for each mural tumor. After scanning those mural tumors under equal measurement
conditions the average gray values within the tumor has been extracted. The last step of the
calibration procedure is attaching the average gray value obtained by micro-CT to the respective
MRX measured concentration of nanoparticles, allowing the quantification of the concentration of
magnetic nanoparticles in the tumor.

This study used eleven mural tumors to define the calibration function of the micro-CT scanner.
Therefore the estimation of the amount of nanoparticles with different characteristics in mural
tumor tissue is enabled. This method offers a compatitive edge, since smaller particles in such low
concentration cannot be measured via MRX.

As the result of our research, micro-CT enables to quantify and investigate tumor tissue with minor
masses of small magnetic nanoparticles for deeper knowledge of the distribution of magnetic
particles in tissue achieved with magnetic drug targeting.

Mural tumor extracted from a micro-CT-scan The red and yellow areas mark the presence of magnetic
nanoparticles
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Engineering Cellular Microenvironments — Chemistry Meets Physics

Prof. Dr. Dieter Scharnweber

Professor, Max Bergmann Center of Biomaterials, Institute of Materials Science, TU Dresden, Germany

Abstract

Prof. Scharnweber takes an engineering approach in developing strategies to mimic both the
biochemical and physical properties of native cellular microenvironment. His talk will focus on
aspects of matrix engineering with glycosaminoglycan derivatives: on how their structure deter-
mines their interaction with proteins, on how they can direct stem cells fate in combinations of
biochemical and physical signals, and on the potential applications of magnetic nanoparticles in

such signal combinations.

Interdisciplinary Research Unit Nanoguide / FOR 917
Magnetic Nanoparticle based targeting of gene- and cell-based therapies

universitétgn! TI-ITI LMU lSI-B

Speaker: Univ.-Prof. Dr. med. Alexander Pfeifer (Institute of Pharmacology and Toxicology, University
of Bonn)

Vice-Speakers: Univ.-Prof. Dr. med. (I) Bernd Fleischmann (Institute of Physiology I, University of
Bonn); Prof. Dr. rer. nat. Christian Plank (Institute of Experimental Oncology and Therapy, Technische
Universitat Miinchen)

The Research Unit FOR 917 focuses on the use of magnetic nanoparticles (MNPs) as tools
for studying physiological and pathophysiological processes in the cardiovascular system.
MNPs can be manipulated by magnetic gradient fields, which can be used not only to
enhance gene transfer, but also to target the genetic material (nucleic acids including DNA,
RNA as well as viral vectors) to a defined region.

At the cellular level, we use MNP-guiding with tailored magnet gradient fields e.g. to generate
gene gradients. Thereby, dosage effects of single genes as well as interplay between genes
is investigated in the setting of cardiac pacemaking and cellular reprogramming.

On a tissue and organ level, we study MNP-assisted delivery of genetic material to vessels
and the heart under physiological conditions. Because cells that have taken up nanoparticles
become “magnetic”, these particles can also be used for the targeted positioning of cells with
magnetic gradient fields.

The position and local concentration of MNPs and magnetic cells in vivo is measured using
magnetic resonance imaging (MRI) as well as by magnetorelaxometry (MRX). Overall, these
characteristics make MNPs an important tool to address biological questions as well as for
the development of novel therapeutic approaches for gene- and cell-based therapies in the
cardiovascular system.

Magnetic targeting is a complex endeavor that requires close collaboration of different
scientific fields. A major characteristic of FOR917 is that its members cover a broad scientific
spectrum ranging from pharmacology and physiology to physics and engineering.

Initially, the focus of the Research Unit FOR917 was mainly focusing on technical issues of
efficient magnetic targeting of genes and cells including the optimization of physical and
chemical properties of MNPs, the design and measurement of magnetic fields as well as the
design of biological models to test MNP targeting. Presently, the Research Unit is applying
magnetic targeting to address biological questions - ranging from cardiac pacemaking, to
vessel tone and angiogenesis - as well as to develop novel therapies in the cardiovascular
system.

The biological research focus of FOR917 lies on the cardiovascular system. Cardiovascular
disease remains the leading cause of death in developed countries. Since cardiovascular
lesions are characteristically localized, site specific targeting is required for successful gene
and cell therapies. Herein, we combine MNP-based gene- and cell targeting to address
biological as well as clinically relevant questions.

= FOR917: Research Unit/Forschergruppe funded since 2009 by the DFG

DF Deutsche
Forschungsgemeinschaft
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DFG-Priority Programme 1681

»Field controlled particle matrix interactions: synthesis multiscale modelling and application of magnetic hybrid materials“
(SPP 1681)

The use of magnetic fields is an external stimulus for the control of
material properties, which is of considerable technical interest, since
magnetic fields can easily be generated and controlled Magnetically
controlled materials such as suspensions of magnetic nano - and
microparticles - ferrofluids and magneto - rheological fluids - have
the ability to exhibit strong changes of material behavior at
reasonable technical effort In the aforementioned fluids, the matrix
in which the particles are embedded, ie the carrier liquid,
constitutes only a thermal bath which, although changing the typical
time constants of the material, does not provide any specific
interaction between the particles and the matrix In contrast,
magnetorheological elastomers in which magnetic particles are
embedded in an elastic matrix are a first step in the direction of magnetic hybrid materials with
controllable particle-matrix interaction

In the center the priority program focuses on five key issues: First, it must be clarified, how (1) the
material behavior of a magnetically controllable hybrid material is influenced by the particle-matrix
interaction and how appropriate materials can be synthesized A multi-scale modelling of the material
properties (2) is the fundament for the understanding of the behavior of the materials necessary to explain
their magnetic controllability at a microscopic level The odelling is also needed for the establishment of
constitutive material laws, which are needed for the design of applications Closely connected to this
modeling of the material properties is (3) the experimental evaluation of the material properties and its
connection to changes in the microstructure Based on this understanding of the magnetic hybrid materials
one can answer the question (4) what kind of possibilities they offer in novel actoric and sensory
applications, as well as the question (5) how the effectiveness of the biomedical use of magnetic
nanoparticles can be improved by a control of the interaction between the functionalized particles and
tissue

For more information: http://www mfd mw tu-dresden de/spp1681/index php/willkommen

Prof Stefan Odenbach

Technische Universitat Dresden

Faculty of Mechanical Engineering

Institute of Fluid Mechanics

Chair of Magnetofluiddynamics, Measuring and Automation Technology
D-01062 Dresden, Germany

stefan.odenbach@tu-dresden.de
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The National Research Programme "Opportunities and Risks of Nanomaterials" (NRP
64) hopes to be able to bridge the gaps in our current knowledge on nanomaterials.
Opportunities and risks for human health and the environment in relation to the
manufacture, use and disposal of synthetic nanomaterials need to be better
understood. The projects started their research work in December 2010.

NRP 64 aims to identify opportunities arising from the use of nanomaterials for health care, the
environment and natural resources. At the same time, it intends to reveal the potential risks that
nanomaterials pose in these areas.

NRP 64 specifically aims to:

« gain insights into engineered nanomaterials, their development, use, behaviour and risks;

¢ develop methods and tools to monitor the behaviour of nanomaterials and their potential
effects on humans and the environment;

« develop tools that maximise the advantages of nanomaterials and minimise the risks for
humans and the environment;

« support the development and application of safe and effective technologies based on
nanomaterials;

« make information available for decision-makers, including manufacturers, distributors
and consumers;

« enhance and strengthen specialist knowledge and competencies for developing innovative
nanomaterials and assessing risk in Switzerland.

For more information, please contact Heinrich Hoffmann, Heinrich.Hofmann@epfl.ch

10th International Conference on the Scientific and Clinical Applications of Magnetic Carriers

24



Quantification of superparamagnetic nanoparticle concentration using particle
Electron Paramagnetic Resonance: an in vitro and in vivo validation study
NanoMag T
PROGRAMME . o, s N 4 4 4 . s
OL Gobbo', F Wetterling”, P Vaes’, S Teughels’, F Markos", D Edge”, CM Shortt", K Crosbie-Staunton’, MW
Radomski®, Y Volkov*” and A Prina-Mello®>”"; *Email: prinamea@tcd.ie

Na no Mag - Na nometrology Sta nda rdization Meth od S lTnsitute of Neuroscience, Trinity College Dublin, Dublin, Ireland
. . Faculty of Engineering, Trinity College Dublin, Dublin, Ireland
fOl‘ Magnetlc Nanopa rtIC|ES SPEPRIC nv, Leuven, Belgium

*Department of Physiology, University College Cork, Cork, Ireland
The objectives of the EU financed NanoMag project are to standardize, improve and redefine

analyzing methods of magnetic nanoparticles. Using improved manufacturing technologies,
synthesized magnetic nanoparticles with specific properties will be analyzed with a
multitude of characterization techniques (focusing on both structural as well as magnetic
properties). Bringing the results together will give a self-consistent picture which describes
how structural and magnetic properties are interrelated. All of the NanoMag results will be
used to define standard measurements and techniques which are necessary for defining a Superparamagnetic iron oxide nanoparticles (SPION) have increasignly showing an important role as drug carriers and
magnetic nanoparticle system and for quality control. The application areas of magnetic
nanoparticles in the NanoMag project is focused on biomedical applications, for instance
biosensing (detection of different biomarkers), contrast substance in tomography methods In this work we present the biodistribution results of SPIONs in mice and rats using a new technique, particle Electron
(Magnetic Resonance Imaging and Magnetic Particle Imaging) and magnetic hyperthermia
(for cancer therapy).

School of Medicine, Trinity College Dublin, Dublin, Ireland
®School of Pharmacy and Pharmaceutical Sciences, Trinity College Dublin, Dublin, Ireland
7CRANN, Trinity College Dublin, Dublin, Ireland

Abstract

imaging agents It is therefore essential to detect these therapeutic agents in pre- and clinical research environments

Paramagnetic Resonance (pEPR) This technique is based on electron paramagnetic resonance which selectively

measures the magnetization of magnetic nanostructures such as SPION The pEPR technique was initially compared to
NanoMag brings together leading experts in; manufacturing of magnetic single- and multi-

core nanoparticles, analyzing and characterization of magnetic nanostructures, and national
metrology institutes. In the NanoMag consortium we have gathered partners within
research institutes, universities and metrology institutes, all carrying out front end research
and developing applications in the field of magnetic nanoparticles.

Inductively Coupled Plasma Mass Spectrometry in vitro by testing different SPION concentrations suspended in blood,
plasma, and saline, as shown in figure The pEPR technique was then adopted for measuring the in vivo samples The

biodistribution (by pEPR and MRI) of SPION were

16
. . . . . 18 evaluated following a single intravenous dose We
The NanoMag project started in November 2013 and will continue until November 2017. The s,
NanoMag consortium is; Acreo Swedish ICT AB, Swedish ICT Research AB, University College é"a' =r:::;:""n; believe pEPR is novel, and has great potential to
London, Uppsala University, The Spanish National Research Council (CSIC), Micromod | Efxs";::. b cinele sten” o distineuish
Partikeltechnologie GmbH, Technical University of Denmark, University of Cantabria, E'z =Ir>c€::shll,m ecome an easy “single step” process 1o distinguis
Chalmers University of Technology, Federal Institute of Materials Research and Testing *‘E“' between SPION and naturally present iron
(BAM), Technical University of Braunschweig, nanoPET Pharma GmbH, Solve Research & I L
. . . . . . . . el T 1 1
Consultancy AB, University of Liibeck, Eindhoven University of Technology, The Physikalisch 209 Therefore pEPR is a good alternative and has
Technische Bundesanstalt (PTB), SP Technical Research Institute of Sweden, National e benefits such as sample preparation and selectivity
Physical Laboratory (NPL). 0.18
compared with the ICP-MS technique

For more information, please contact: i BI
Christer Johansson, Associate Professor, Scientific Coordinator of the NanoMag project £ Acknowledgements
ACRE.O SWEDISH ICT AB 0 This work was supported in part by the European
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MAGNETIC DROPLETS
FOR EXPLORING DYNAMICS AND DISSIPATION
ON SUPERHYDROPHOBIC SURFACES

Jaakko V 1 Timonen'?, Mika Latikka', Olli Ikkala', and Robin H A Ras'

! Aalto University School of Science, Espoo, Finland
2 Northwestern University, Evanston, USA
E-mail: robin ras@aalto fi

Aqueous droplets show a number of fascinating dynamical effects on superhydrophobic (= water repel-
lent) surfaces, including giant hydrodynamic slip and nearly frictionless motion and small roll-off an-
gles [1] Quantification of the small but non-zero “friction” experienced by individual moving drops has
proven to be challenging under well-controlled tangential and normal forces

In this work we describe a new way for investigating dynamics and energy dissipation on superhydropho-
bic surfaces by using magnetic drops as probes (Figure 1) [2] These drops consist of ca 0 2% of 4 61 4
nm superparamagnetic iron oxide nanoparticles well-dispersed by surface-bound citrate anions in water
Density, surface tension and viscosity are within a couple of percent from those of pure water The mag-
netic nanoparticles allow any vectorial force to be induced on the drop by applying an appropriate exter-
nal magnetic field We focus on trapping the magnetic probe drop in a harmonic potential well (resulting
in a Hookean restoring force) and demonstrate both freely decaying and externally driven horizontal os-
cillations of the drop on the test surface We calculate two dissipative forces (due to contact angle hyste-
resis and viscosity) by analyzing the damping rate and/or frequency-dependent oscillation amplitude, and
quantify these two as a function of normal force [2]

On the other hand, strongly magnetic droplets with nanoparticle loading up to 25% can be split on a su-
perhydrophobic surface into multiple droplets by applying a perpendicular magnetic field The resulting
daughter droplets self-assemble into various static arrangements in a similar harmonic potential well as in
the dissipation measurements (Figure 1 right) These static arrangements can be switched reversibly into
dynamic dissipative ones by applying a time-varying oscillating magnetic field [3]

[1] M Reyssat, D Richard, C Clanet, D Quéré, Faraday Discussions 146, 19-33 (2010)
[2] J V I Timonen, M Latikka, O Ikkala, R H A Ras Nature Communications 4, 2398 (2013)
[3] J V I Timonen, M Latikka, L Leibler, R H A Ras, O Ikkala, Science 341, 253-257 (2013)

Figure 1: Magnetic droplets on a superhydrophobic surface (left) Droplet oscillator for probing friction
experienced by a moving droplet [2] (right) Self-assembly of magnetic droplets [3]

The Interaction Between Schistosome Eggs and Magnetic
Microspheres

Renata R. F. Candido', Vivian Favero', Stephan Karlz, Lucia Gutierrez’, Mary Duke3,
Carlos Graeff-Teixera', Malcolm K Jones3, Robert C Woodwardz, Tim St. Pierre’

1 Laboratério de Biologia Parasitaria, Faculdade de Biociéncias e Laboratorio de Parasitologia Molecular,
Instituto de Pesquisas Biomédicas, Pontificia Universidade Catolica do Rio Grande do Sul, Porto Alegre, Brazil,
2 School of Physics, The University of Western Australia, Crawley, Western Australia, Australia,

3 Queensland Institute of Medical Research, Queensland, Australia
* E-mail: Tim StPierre@uwa edu au

Schistosomiasis is a public health problem affecting more than 200 million people in Asia,
Africa and America. Two main species may cause the intestinal infection in humans:
Schistosoma mansoni and Schistosoma japonicum. Helmintex® is a new very sensitive
method for detection of Schistosoma eggs in human faeces based on the interaction of eggs
and paramagnetic microspheres, with 100 % sensitivity at limit of 1.3 eggs per gram. The
objective of this study was to investigate the magnetic properties of Schistosoma eggs and the
interaction of microspheres with the eggs to enable optimization of the Helmintex® method.
Eggs from both species were isolated from livers of infected mice and separately incubated
with four types of microspheres at pH7 and pH 8 at an egg/microsphere ratio of 1:500 for 30
minutes with no applied magnetic field. The polystyrene microspheres were a) magnetic iron
oxide coated; b) magnetic iron oxide and streptavidin coated; c) uncoated, d) streptavidin
coated. The conjugates were sieved to remove unbound microspheres. An optical microscope
was used to determine the distribution of the numbers of microspheres bound per egg. The
observed distributions were well modeled with double Poisson distributions. At pH 7, both
the S. japonicum and S. mansoni eggs appeared to fall into two types, one type having a
greater affinity for magnetic iron oxide coated spheres than the other. S. japonicum eggs had a
higher affinity for magnetic iron oxide coated microspheres than S. mansoni. Strepdavidin
coating reduced the affinity for both species. At pH 8, the affinities of both species of eggs for
the magnetic microspheres was reduced. In the absence of magnetic iron oxide coating, there
was very little affinity of the eggs for microspheres. These observations suggest that the
interaction between the microspheres and eggs is more likely to be related to electrostatic
interactions between eggs and magnetic iron oxide rather than through magnetic interactions.
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The Magnetoviscous Effect of a Biocompatible Ferrofluid diluted
with Sheep Blood

J. Nowak!, S. Odenbach'

Chair of Magnetofluiddynamics, Measuring and Automation Technology, Institute of Fluid Mechanics
Technische Universitat Dresden, Germany

Biocompatible ferrofluids are receiving a great interest regarding the use in the biomedical
context. Those potential application include e.g. possible treatments of cancer like magnetic
drug targeting or magnetic fluid hyperthermia besides several other approaches.

For a possible use of those suspended magnetic nanoparticles in the biomedical area the
detailed knowledge of the flow characteristics is essential. For ferrofluids used in the
engineering context the magnetoviscous effect is well known and investigated in some detail,
resulting in an increasing viscosity if an external magnetic field is applied. This effect was
measured to be present for biocompatible ferrofluids as well, leading to an increasing viscosity
above one order of magnitude if an external magnetic field is applied.

During a potential clinical use of ferrofluids a dilution with blood occurs. A detailed
knowledge regarding the possible interactions of the structures formed by the fluids’
nanoparticles and the blood cells has to be available to guarantee a safe and effective
application.

This experimental study focuses on the investigation of the relative change in viscosity if a
ferrofluid is diluted with sheep blood and a magnetic field is applied. The figure attached depicts
the effect depending on the dilution if water respectively sheep blood is used. Therefore a
difference can be determined, resulting in a stronger effect if the animals’ blood is used. As a
result the above mentioned interaction of blood cells and structures of the fluids’ nanoparticles
can be assumed. Furthermore a rather strong change of viscosity of the mixture despite the
comparatively weak magnetic field can be measured.

The results found in this experimental study prove an influence of the formations formed by
the ferrofluids’ nanoparticles on the viscosity if those fluids are mixed with sheep blood, having
the potential to influence safety and effectiveness regarding potential biomedical applications.
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The magnetoviscous effect of a biocompatible ferrofluid depending on the dilution factor for two
diluting agents The magnetic field strength is H=35 kA/m and a shear rate of y = 6 s is applied

10th Inter. Conf. on the Scientific and Clinical Applications of Magnetic Carriers, Dresden, Germany. June 10-14,
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The Relationship Between Mason Number and Bingham
Number in Magnetorheological Fluids

Stephen G. Sherman, Andrew C. Becnel and Norman M. Wereley (wereley@umd.edu)
Dept. of Aerospace Engineering, University of Maryland, College Park, MD, USA.

Magnetorheological (MR) fluids under shear are typically described through two non-dimensional
numbers, the Mason number and Bingham number The Mason number, Mn, which is the ratio of particle
viscous forces to magnetic forces, is typically used for predicting the particle microstructure, as well as
modeling behavior at the micro-scale The Bingham number, Bi, which is the ratio of bulk magnetic
forces to bulk viscous forces, governs macroscopic scale fluid behavior, and can be used to predict the
force output of a MR damper For example, it is well know that the dynamic range, D, defined as the ratio
of the on-state to the off-state torque of an MR clutch, is given by D=1+Bi In this paper, we show that
Bingham and Mason number are inversely related First, we make this claim through analysis If we
observe that both non-dimensional numbers represent ratios of magnetic and viscous forces, and assume
that such forces are linearly related across scales, then we can justify the hypothesis that the Mason
number is inversely proportional to the Bingham number If we apply the well known experimental result
that normalized apparent viscosity has the form of 1 + K/Mn, and show that the normalized apparent
viscosity of a Bingham plastic is, by definition, 1 + Bi, then it can be proven that the Bingham number is
inversely proportional to the Mason number Second, we can also experimentally validate this hypothesis
using magnetorheometer testing, in this case, of a 40 vol% MR fluid (Lord Corp MRF140)
Measurements of apparent viscosity taken on a custom-built high shear rate Searle cell rheometer (shear
rates up to 10,000 s') are shown in Fig 1 The data are shown as symbols, for a wide range of applied
field values (shown in the legend) The analytical curve is shown is shown as the solid black curve The
data and analysis match quite well, which demonstrates that this relation holds at high shear rates This
demonstrates that the Mason number allows microscale-based analyses to be extended to device scales,
where Bingham number based analysis is most useful As such, a microstructural investigation of novel
particle and fluid formulations can now be placed in the device context through a simple algebraic
relation
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Figure 1  Normalized apparent viscosity vs Mason number for a MR fluid (Lord MRF140), on a high shear rate
rheometer operating at shear rates of up to 10,000 s This demonstrates that the relationship between Bi and Mn
holds at high shear rates
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Detection of magnetic nanoparticles after perfusion of a placenta
R. Miiller', M. Gliser', C. Gohner?, L. Seyfarthz*, E. Schleussner’, A. Hofmann®*, W.
Fritzsche'
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3 University of Applied Sciences, Jena, Germany * HTS Systeme GmbH, Wallenfels, Germany
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Nanoparticles (NP) are potential tools for medical applications. Nevertheless, the current lack
of knowledge about their potential toxicity connected with a possible spatial distribution in
the human body requires of new methods to determine the latter one. Placentae can play a
central role as human tissue models as they do not constitute an ethical problem. Furthermore,
magnetic NPs are used as MRI contrast agent but their behaviour at the placenta barrier is not
known. To date, no standardised methods are available for quantification of NP in human
tissue.

Aim of our work are long term measurements of NP in a floating suspension in tube shaped
sample volume in order to conclude their (time dependent) whereabouts after perfusion of a
placenta for up to 6 hours. We used a modified Magnetreader what detects magnetic moments
of a few pAm’ via analysis of the higher harmonics caused by a frequency mix of ac-
magnetic fields. Since the signal depends as well on the magnetisation curve of NPs the
method is only semiquantitative.

The influence of the particle coating on as well the interaction (adhesion) in the measuring
system as the binding in the placenta was investigated. The results suggest a transfer of a

small amount of particles from the maternal to the fetal blood circuit.
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Detecting M echanical and Chemical Changes Through Tissue Using
Magnetically Modulated Optical Sensors

KhanhVan T. Nguyen, Fenglin Wang, Bobby Smith, Jeffrey N. Anker*
Department of Chemistry, Center for Optical Materials Science and Engineering Technology (COMSET),
SC BioCRAFT, and Environmental Toxicology Program, Clemson University, Clemson SC 29634, USA
*Email: janker@clemson edu

Although optical measurements are widely used in chemical and mechanical sensors, they are
challenging to employ for non-invasive imaging through tissue because absorption and scattering
attenuates the optical signals, while tissue autofluorescence backgrounds can obscure the sensor signal
We describe methods to overcome these limitations using sensors with magnetically modulated red
fluorescence Although the senor fluorescence is attenuated, it is able to penetrate through thick tissue,
while the magnetic modulation distinguishes the probe signal from the background autofluorescence

To demonstrate the approach, we fabricated magnetically modulated fluorescent particles comprising
fluorescent magnetic microspheres coated with a thin hemispherical aluminum shell ( ~70 nm thick)
coating half of the microsphere surface The opaque metal layer prevents excitation and emission light
from passing through one side of the “magnetically modulated optical nanoprobes” (MagMOONSs), which
creates an orientation-dependent fluorescence intensity The magnetic particles also align in an external
magnetic field and give blinking signals when they rotate to follow modulated external magnetic fields
The blinking signals from these MagMOONS are distinguished from background autofluorescence and
can be tracked on a single particle level in the absence of tissue, or for an ensemble average of particles
blinking through tissue When these MagMOONSs are dispersed in alginate gel, they become sensors for
gelation when calcium ions are added, and de-gelation upon addition of alginate lyase Our results show
MagMOON:Ss start to blink after approximately 10 minutes following 2 mg/mL alginate lyase addition and
the blinking is clearly detected through at least 4 mm of chicken breast tissue, superimposed on a rapidly
bleaching autofluorescence background (see Figure 1) This is an important proof-of-principle for
biosensors and drug delivery systems based on enzyme-catalyzed breakdown of gel components We also
show that similar magnetic modulation can also be applied to spectrochemical sensors based on
fluorescent indicator dyes Finally, we explain the effect of particle concentration, tissue thickness, and
optical attenuation on the modulated signal using Monte Carlos simulations
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Figure 1. A) Plot of fluorescence signal through 2 5 mm chicken breast and the moving average fit B) Background-
corrected magnetically modulated fluorescence signal through 1 mm, 1 5 mm, 2 5 mm, 4 mm and 6 mm chicken
breast Modulation can be clearly seen after 6, 12, 15 min with 1 mm, 1 5 mm and 2 5 mm respectively C) Zoom-in
to visualize modulation
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In vivo magnetic drug delivery using FePd nanowires

K.M. Pondman™*, N.D. Bunt’, A.W. Maijenburg®, R. van Wezel®, J.E. ten Elshof®, B. ten Haken"

®MIRA-Institute for Biomedical Engineering and Technical Medicine, University of Twente, Enschede, P.O. Box 217,
7500 AE, The Netherlands “E-mail: k.m.pondman@utwente.nl

® MESA+ Institute for nanotechnology, University of Twente, P.O. Box 217, 7500 AE, The Netherlands Enschede, The
Netherlands

Magnetic drug delivery is a promising technique to target a drug to the region of the decease Unfortunately
the commonly used spherical superparamagnetic nanoparticles need a very high magnetic field and gradient to
be captured from the flow of blood Elongated nanoparticles have more advantageous magnetic and flow
properties The magnetic moment in these particles is aligned along their long axes and the achievable
magnetic moment for a single particle is much higher than for a spherical particle

Recently we developed a biocompatible FePd magnetic nanowire prepared by electrodeposition inside the
pores of a polycarbonate membrane similar to (Haehnel, Fahler, Schultz, & Schlorb, 2010) The nanowires
have a very small size distribution length 1 9 + 0 3 um and diameter 88 + 15 nm The Pd protects the Fe from
oxidising, therefore the magnetic properties are maintained in solution over months The saturation
magnetisation of the particles is very high, while in suspension the coercive field is reduced to nearly zero,
providing superparamagnetic-like properties, which are advantageous to avoid clustering of the suspensions
Coating with Pluronic-F108 increased the dispersability further and provides a layer in which drugs or as used
in our experiments fluorescent Nile Red can be adsorped The nanowires were shown non toxic to cells and
phagocytosed without signs of frustrated phagocytosis
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The FePd nanowires were used in an in-vivo experiment with Wistar rats An electro magnet was developed
providing the optimal magnetic field and gradient to capture the nanowires The magnet was designed in such
way that it can be easily scaled up to use in human applications, making this in-vivo experiment a suitable
scale model of a clinical experiment The nanowires were injected systemically into the tail vain and captured
in the hind leg of the rat The targeting was proven very efficient by both magnetic measurements and
microscopy

Haehnel, V., Fahler, S., Schultz, L., & Schlorb, H. (2010). Electrodeposition of Fe70Pd30 nanowires from a complexed ammonium-
sulfosalicylic electrolyte with high stability. Electrochemistry Communications, 12(8), 1116-1119. doi: DOI
10.1016/j.elecom.2010.05.043

Magnetic Beads to Enhance Drug Penetration Across Intestinal Membrane

A. Seth"”, D. Lafargue’, C. Poirier?, J.-M. Péan?, J.-M. Delbos?, V. Jeannin® and C. Ménager'

* Laboratoire PHENIX UMR 8234, Université Pierre et Marie Curie, 4 Place Jussieu, 75005 Paris, France; ?
TECHNOLOGIE SERVIER, Formulation Galénique, 25-27 Rue Eugeéne Vignat, 45000 Orléans, France;*
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Oral administration is the most convenient and preferred means of any drug delivery to the
systemic circulation Low permeable drug class exhibits poor absorption in vivo, which leads to a poor
bioavailability Some recent studies describe gastro retentive delivery systems maintained in the upper
part of the Gastrointestinal Tract (GIT) to enhance the bioavailability of low permeable drugs After oral
administration, such dosage forms release the drug slowly into the gastrointestinal tract (GIT) close to its
absorption windows and maintain an effective drug concentration in the systemic circulation for a long
time

In this study we decided to use magnetic retention in order to increase the bioavailability of a low
permeable drug (BCS Class 111, high solubility and poor permeability) across the intestinal membrane by
inducing an over-concentration of the drug near its absorption window

Indeed the magnetic formulation is able to be retained at a specific location along the Gl tract using an
external magnet For this purpose we designed magnetic carriers containing magnetic nanoparticles
(MNPs) suitable for oral delivery that exhibit a superparamagnetic behavior as well as a very high drug
loading efficiency [

Ex vivo, in vivo and imaging experiments were carried to assess proof of concept Ex vivo experiments
were performed using Ussing Chambers and shown a threefold increase of drug permeation across rat
intestinal membrane Fluorescence and MRI imaging techniques were used to prove the accumulation of
the magnetic beads in the upper part of the intestine with a magnet placed on the abdomen (Figure 1)
Finally in vivo pharmacokinetic preliminary study proved that when using magnetic retention the
bioavailability of the drug is increased by 40%

Using magnetic carriers to load and localize a drug near its absorption window by using an external
magnet, enables to enhance significantly its permeation and its bioavailability This approach opens new
perspectives in the field of low permeable drugs oral administration

Figure 1: MRI sagittal section, (b) MRI axial section with = magnet initial position
(c) Near-IR fluorescence image of a rat intestine

A Seth, D Lafargue, C Poirier, J-M Péan and C Ménager, Performance of magnetic chitosan-alginate core-shell beads for
increasing the bioavailability of a low permeable drug, Eur J Pharm Biopharm , submitted
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Non-Invasive In Viva Magnetic Targeting of Mouse Embryonic Stem Cells to the Lung

Shimon Lecht™", Collin T. Stabler, Peter I Lelkes' and Boris Polyak™"
'Department of Bioengineering, College of Engineering, Temple University, Philadelphia, Pennsylvania
19122, USA; *Department of Surgery, Drexel University College of Medicine, Philadelphia, Pennsylvania
19102, USA ‘e-mails: shimon._lecht{@temple edu; bpolvak{@drexelmed. edu

Cell therapy is one of the leading strategies in regenerative medicine offering a truly curative
solution for repair of failing organs or diseased tissues. Current cell delivery techniques mainly rely on
the cell's intrinsic ability to home to the region of interest due to pathophysiological cues. However,
this process has low efficiency, may require administration of large number of cells and may involve
clinically cumbersome routes of administration. To overcome these drawbacks, there is a need to
develop efficient cell targeting strategies.

In this study we utilized polylactide (PLA)-based magnetite-loaded nanoparticles (MNPs) to load
mouse embryonic stem cells (mESCs) which were chosen as model for cells with low intrinsic
endo/pinocytotic activity. The uptake of fluorescently labeled MNPs by mESCs was quantitated using
flow cytometry. The fluorescent intensity, indicative of MNP quantity, obtained from flow cytometry
analysis linearly correlated with analytically determined intracellular magnetite content. Avoiding the
use of commercially available transfection agents, we optimized the generation of MNP-loaded
mESCs (Mag-mESCs) by systematic evaluation of conditions such as MNPs dose, duration of
incubation, cell density, application of external magnetic field gradient and magnetite content within
MNPs. At optimized conditions, 99£3% of the mESCs population was loaded with MNPs containing
2.8+0.2 pg/cell magnetite (e.g., 8.4£0.6 pg iron/cell). The Mag-mESCs demonstrated magnetic
responsiveness assessed by a vibrating sample magnetometer, magnetic cell patterning, magnetically
levitated cell adhesion assay, and in vitro cell capture under flow. Intracellular presence of MNPs did
not adversely affect cell viability, proliferation kinetics and pluripotent potential. Intravenously-
injected Mag-mESCs were efficiently localized in the mouse lungs by applying a magnetic field
gradient on dorsal side of the chest. Near-infra red whole-body imaging was performed over two
weeks and revealed differences in kinetic behavior and distribution profile of the Mag-mESCs
compared to unloaded cells. The application of the external field gradient resulted in distinct
patterning of the Mag-mESCs in the lungs.

This study provides for the first time insight into the in vivo kinetics of MNP-labeled cells and

demonstrates the ability to non-invasively influence in vivo cell distribution. The therapeutic
implications of these findings are the scope of future studies in our laboratories.
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Whole body NIR imaging of MNP-loaded mESCs targeted to the lung using externally applied

magnetic field gradient.

Treatment of a critical long bone defect using magnetic
scaffolds reloaded by magnetic nanoparticles-VEGF

A Russo!’, S Panseri’, A Ortolani', S T Meikle®, A Tampieri’, VDediu® M Santin®, M Marcacci’
! Nabi Laboratory — Rizzoli, Orthopaedic Institute, Bologna, Italy
2 ISTEC-CNR, Faenza, Italy
? University of Brighton, Brighton. UK
* ISMN-CNR. Bologna, Italy
* email: a russo@biomec ior it

Cntical long bone defect represents a significant problem for orthopaedic surgeons. In our study, we
describe a novel approach to fill critical long bone defects with a biodegradable magnetized
scaffolds as a template for cells attachment, proliferation, differentiation and extracellular matrix
deposition and subsequent magnetic guided VEGF delivery of functionalized magnetic
nanoparticles, in order to provide a controlled three dimensional architecture able to reproduce
native biological and mechanical characteristics of bone.

A cntical bone defect of 20.0mm in lengh. 6.00mm of inner diameter and 17.00 of outer diameter
was created in 6 sheep metatarsus diaphysis. A porous ceramic composite scaffold made of
Hydroxyapatite that incorporates magnetite (HA/Mgn 90/10) was implanted in the defect and
proximally fixated by two small cylindrical permanent parylene coated NdFeB magnets (one 6.00
mm diameter magnetic rod firmly incorporated into the scaffold and one 8.00 mm diameter
magnetic rods fitted into proximal medullary canal, both 10.00 mm long); stability of bone-
scaffold-bone complex was improved using screws and plate as a bridge. Biocompatibility of
scaffolds was previously assessed in vifro using human osteoblast-like cells. A finite element
software (COMSOL Multiphysics, AC/DC Model) was used to calculate magnetic forces through
scaffold.

Injection of magnetic nanoparticles functionalized with VEGF at the mid portion of the scaffold
were performed one week after surgery using a cutaneous marker positioned during surgery as
reference point. After sixteen weeks, sheep were sacrificed to analyze metatarsi. Macroscopical,
radiological, microCT and histomorphological examinations were performed.

From macroscopical point of view. bone tissue formation was present inside scaffold pores and with
complete coverage of scaffolds. in particular at magnetized bone-scaffold interface. X-rays show a
good integration of the scaffold with a good healing process of critical bone defect, and without any
sign of scaffolds mobilization. MicroCT confirmed this datas of new bone formation inside the
scaffolds, in particular at magnetized bone-scaffold interface. Also histomorphological evaluation
confirmed greater bone regeneration at magnetized interface. in both groups. Comparing groups
bone regeneration was greater when VEGF-MNP were injected.

These results lead our research to exploiting magnetic forces to stimulate bone formation, as
attested in both in vitro and i vivo models and to improve fixation at bone scaffold interface, as
calculated by finite element software, and moreover to guide targeted drug delivery without
functionalized magnetic nanoparticles dissemination in all body.
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Single-core magnetic markers in rotating magnetic field based homogeneous
bioassays and the law of mass action

Jan Dieckhoff ™", Stefan Schrittwieser®, Jorg Schotter®, Hilke Remmer™®, Meinhard Schilling® and
Frank Ludwig®®

(1) Institute of Electrical Measurement and Fundamental Electrical Engineering, TU Braunschweig, Hans-Sommer-Str 66,
38106 Braunschweig, Germany, *E-Mail: j dieckhoff@tu-bs de (2) AIT Austrian Institute of Technology, Molecular
Diagnostics, Donau-City-Str 1, 1220 Vienna, Austria

The application of functionalized magnetic nanoparticles (MNPs) as a test system in homogenous
bioassays enables a quick and quantitative detection of proteins, e.g., biomarkers in medical diagnosis
and therapy, directly in solution. Here, no wash-out steps to remove unbound markers are necessary.
The required magnetic manipulation of the MNPs is realized with a rotating magnetic field (RMF). The
RMF offers the possibility to perform a narrow-band measurement of the MNP response compared to
switched magnetic fields and to gain a higher measurement effect compared to alternating magnetic
fields [1,2].
In this work, we report on the effect of the absolute single-core MNP concentration on the quantitative
detection of proteins with MNPs in a RMF. Therefore, the phase lag change 4 ¢ of commercial 30 nm
iron oxide nanoparticles (Ocean Nanotech,
o R e Springdale, AR, USA) caused by bound

201 el proteins is measured with a fluxgate-based
RMF system. As a model system the

151 - detection of anti-human IgG via protein G

i v which is covalently linked to the MNP
§ 1ol \‘ 2 3 polymer shell is investigated. The measured
o phase lag changes for a fixed MNP and a

sl varying 1gG concentration are modeled

A CMNP) = 566 pM with logistic functions (Fig. 1). The effect

. ® :oMNE) =.2.26 pM of the MNP concentration change is
Siee ot it ase™ % explained with the law of mass action and

10 e 10 used to determine the parameters of the

cllgG) /M binding reaction. Further binding scenarios,

Fig 1: Measured phase lag change 4¢ in RMF due tobound I9G ¢ g, for the detection of the medical
as fur]ctlon of the 1gG concentration _The M_NP concentration relevant HER2 biomarker, are presented
variation affects the slope of the logistic functions (lines) which . . A
are fitted to the measurements The graphic illustrates the effect  and investigated regard_lng the dependence
of the protein binding on the phase lag between the RMF and 0N the MNP concentration.

MNP magnetic moment
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Janus magnetic liposomes for drug delivery

C. A. Monnier", C. Bonnaud'*, D. Demurtas®, D. Vanhecke', X. Montet", M. Lattuada', B. Rothen-
Rutishauser’ ! A. Petri-Fink' *
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Polytechnique Fédérale de Lausanne, " Radiology Department, Geneva University Hospital, ! Respiratory Medicine,
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Delivering and releasing drugs at their target in a controlled fashion remains a key determinant of
successful treatment and might contribute to reducing side effects.

By using liposomes as basic drug carriers and combining them with superparamagnetic iron
oxide nanoparticles (SPIONs), we have developed nanoparticle-liposome hybrids with SPIONs
directly embedded within the membrane bilayer. Unlike previous reports, the nanoparticles are
clustered and diverged at one pole, giving these hybrids a Janus-like appearance. High-resolution
cryo-electron microscopy techniques were used to characterize these vesicles under unadulterated
conditions, and showed at unprecedented detail the lipid bilayer unzipping around the
nanoparticles. The spatial organization and architecture of the embedded clusters could be
rendered by cryo-electron tomography, which further revealed that these structures consist of
hundreds of densely packed SPIONs — a quantity which has not been reached up to date.

SPIONSs heat up when exposed to an alternating magnetic field, thus offering a potent release
trigger as soon as the target is reached. Moreover, the present location of the injected medicine
can be tracked by MRI. By implementing clusters, the resolution and quality of the MRI signal
and release efficiency can be improved. This consequently opens a notable area of applications in
both biological and medical sciences alike.
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Theories and experiments on the way to optimize magnetic nanoparticles
for magnetic hyperthermia
Julian Carrey
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Abstract

The main part of the speech will be devoted to a pedagogical presentation of theoretical aspects
in magnetic hyperthermia using our results or some of the literature. The different approaches
suitable for the calculation of the heating power as well as the underlying mechanisms will be
presented. Emphasis will be put on common misconceptions or mistakes on this topic. We will
start from simple systems where the nanoparticles are fixed and magnetically independent and
then discuss the influence of mechanical rotation and magnetic interactions. Experimental results
obtained on metallic nanoparticles synthesized in our laboratory and illustrating the theoretical
aspects will be shown The portrait of the ideal nanoparticle will tentatively be drawn. Also, a
few useful setups developed in our group will be presented. The end part of the speech will be
devoted to a discussion around puzzling expeniments reported in the recent literature where cell
death occurs without temperature increase of the cells. The varnious hypotheses permitting to
explain them will be presented. We will conclude this part by showing that these experiments
bring new hopes to the field of magnetic hyperthermia but also bring new difficulties to the
optimization of nanoparticles to maximize cell death.
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Reproducible microwave synthesis of multi-core iron oxide nanoparticles for
magnetic hyperthermia and in situ tracking of induced cell death in a human
melanoma cell model
C. Blanco-Andujar™, D Ortega™ P Southem®. S A Nesbitt’, Q A Pankhurst® and N T K Thanh®’
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Previous studies have shown that magnetic heating properties of multi-core iron oxide
nanoparticles prepared by conventional chemical routes are very sensitive to subtle changes
in the reaction conditions, leading to issues of poor reproducibility and scalabi.lity.l This
threatens to limit their application in pre-clinical and clinical settings. Firstly we developed a
controlled synthesis for the preparation of iron oxide with sodium carbonate.” Here, we report
on the use of a microwave reactor for a simple, reproducible and scalable synthesis of
biocompatible nanoparticles by coprecipitation. Physicochemical characterization data are
presented that show that the matenials form multi-core structures, and that interparticle
interactions are decisive in determining the heating properties of the nanoparticle
suspensions.

The synthesized nanoparticles were then tested in vitro in a human melanoma DX3 cell
model. A range of field amplitude and frequency values were evaluated to tailor the treatment
to induce killing of the cells. The delayed cell response was analyzed by flow cytometry after
48 h following 1 and 2 h treatments. Furthermore. a novel magnetic hyperthermia device was
constructed to allow live cell observations during and after the application of a time-varying
magnetic field. The cell death mechanism was monitored by fluorescence microscopy and
found to be via an apoptotic pathway.

To summanize. these results indicate: (1) microwave-synthesized multi-core particles retained
their heating capability upon cell loading: (2) DX3 cells, loaded with iron oxide
nanoparticles. can be effectively killed by a time-varying magnetic field to induce apoptosis;
and (3) this further opens the possibility of the tailored treatments of near-surface or
accessible tumors, on which further work has commenced.
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Figure 1. Magnetic hyperthermia treatment effect over 24 h on CA-io loaded DX3. Dashed lines indicate cell response

during control experiment.

1 Kallumadil, M etal , J Magn. Magn. Mater. 2009, 321, 3650-3651
2 Blanco-Andujar, C, etal , J. Mater. Chem. 2012, 22, 12498-12506
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Analysis of molecular effects after treatment of pancreatic cancer cells with (magnetic
fluid) hyperthermia

R. Ludwig®, H.Dahring", S. Kossatz" and I. Hilger*

Department of Experimental Radiology, Division of Diagnostic and Interventional Radiology I, University Hospital
Jena, Germany, E-Mail: robert.ludwig@med.uni-jena.de

Hyperthermia, the heating of cells to temperatures up to 43°C for 60 to 90 min, can effectively be used to
inactivate and destroy tumor cells. One way of applying these temperatures is using superparamagnetic iron
oxide nanoparticles (MNP) in combination with an alternating magnetic field. These particles are biocompatible,
degradable and have the advantage to generate heat only in regions of their location. To better understand the
cellular reactions, we analyzed the impact of different temperature dosages on cell viability, the expression of
proliferation- and stem cell markers in vitro.

Pancreatic cancer cells (BxPC-3) were treated with increasing temperature dosages (37 - 47 °C for 60 min). The
used temperatures were either generated by exogenous heat sources (e g. humidified air) or by the internalized
MNPs within the cells after exposure to an alternating magnetic field (H = 15.4 kA/m, f =435 kHz) (internal
heating source).The expression of the proliferation markers K 67, TOP2A and TPX2 was analyzed using qRT-
PCR. Cell viability and expression of the pancreatic stem cell markers CD24, CD44 and CD326 was investigated
using flow cytometry.

Treatment of cells at 41 - 43 °C for 60 min using the exogenous heat source resulted in an increased mRNA
expression of the proliferation markers Ki67, TOP2A and TPX2 up to 30% 24h after hyperthermia compared to
non-treated controls (37 °C). In contrast, magnetic fluid hyperthermia (MFH) of 41 - 43 °C / 60 min reduced the
expression of proliferation markers up to 70 % compared to untreated controls at 24 hours after treatment. In
contrast to the utilization of exogenous heating sources, MFH of 43 °C / 60 min distinctly reduced the amount of
viable cells and increased the extent of apoptotic, late apoptotic/necrotic, and necrotic cells within the cell
population. Higher temperatures (47 °C / 60 min) of both treatment setups dramatically increased the amount of
late apoptotic/necrotic and necrotic cells. Application of exogenous heat using the same temperature dosage
(47 °C / 60 min) significantly (p < 0.05) reduced the expression of the stem cell markers CD24, CD44 and CD326
by around 9 % (24 h post treatment).

In conclusion, hyperthermic temperatures exhibited distinct effects on cell viability, proliferation- and stem cell
markers in vitro. Treatment of cells with MFH and temperatures between 43 - 47 °C for 60 min exhibited a greater
impact on proliferation and viability of tumor cells compared to external hyperthermia. Therefore, MFH is a
suitable and effective tool to inactivate tumor cells and inhibit tumor progression.

Terahertz Absorption in Iron Oxide Nanoparticles
S. D. Oberdick, R. A. Booth, S. A. Majetich, and K. N. Woods
Physics Department, Carnegie Mellon University, Pittsburgh, PA 15213, USA
Contact: sara@cmu.edu

In hyperthermia cancer treatment, magnetic nanoparticles are excited by AC magnetic fields with
frequencies ranging from 100 kHz — 1 2 MHz. Controversy remains concerning the details of the
heating mechanism: whether Brownian or Néel rotation dominates, if there is an optimal particle
size, and whether a macroscopic temperature increase is needed for cell death. It is feasible that
local heat generation by phonons couples to nearby protein molecules and causes them to
denature. Complex motion of large molecules is often excited with terahertz frequencies. To
address these questions, we have used terahertz absorption spectroscopy to identify the
fundamental excitations of iron oxide nanoparticles, and see how they change in an AC magnetic
field. Monodisperse Fe;O4 nanoparticles were synthesized by high temperature decomposition in
non-polar solvents and stabilized by oleic acid surfactant. Terahertz absorption spectra were
measured as a function of temperature. A custom electromagnet was constructed to deliver a 155
kHz AC field with an amplitude ranging from 0-200 G, or a DC field of up to 1 kG. DC
magnetometry measurements showed that a 200 G field was sufficient to reach 90% of saturation
at room temperature. The finite size of nanoparticles leads to predicted quantization of acoustic
phononmodes, with the lowest energy excitations are on the order of tens of wavenumbers. The
energies do not shift in a magnetic field, confirming that they are due to phonons rather than
magnons. However, the intensity of the phonon excitations changes with field. We describe the
effect of the AC magnetic field amplitude, temperature, and particle size on the excitation
spectra.
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Figure 1. Normalized spectra as a function of temperature between 3 and 8 meV (~25-60
cm1) showing the periodicity of the excitation features in zero magnetic field, and their
small temperature-dependent energy shift.
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Measurement of magnetic rotation of magnetic nanoparticles
in cultured cells under alternating field
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Magnetizati tation of i {lular and extracellular magneti particles (MNPs) under AC magnetic field
was evaluated We have ded in ing AC hy is loops of dried, dispersed and fixed MNPs under ac
magnetic field at 10-500 kHz [1] Heat dissipation of MNPs has quantitatively indicated without ing temperaty
rise, which may be affected by sample or diti In this p study, AC h is loops of MNPs
added to cells were measured by inserting cultivated cells into the pick-up coil

Polyethylenimine (PEI)-coated Fe;Oy particles were prepared PEI and Fe;O4 particles were hased

from Polysciences, Inc and Nanostructured & Amorphous Materials, Inc respectively HeLa cells (human cervical
line) were cultured and PEI-coated MNPs (400 pg/well) were added into cells After 24 h from adding MNPs,

cells were detached with trypsin and hy is loops were d Magnetic field of 50 Oe was applied at 50 kHz of
frequency The primary and hydrodynamic diameters of MNPs were 20—30 nm and 157 = 42 nm in water, respectively
Phase contrast and fluorescent microscopic observation confirmed that MNPs were internalized into cells MNPs bound
on cell surface were also observed

Figure 1 (a) shows the magnified view of DC major loop of PEI-coated MNPs dispersed in water, fixed with agar
and added to HeLa cells. respectively With respect to applying DC magnetic field. coercivity of the samples fixed with
agar and added to cells were significant comparing to that of the sample dispersed in water This probably attributed to
cluster formation due to aggregation during immobilization in the samples fixed with agar and added to cells [2] AC
hy is loop of the sample added to cells was similar to the fixed sample because PEI-coated MNPs were aggregated
in cells and on cell surface In contrast to DC major loops, coercivity of the samples fixed with agar and added to cells
were negligibl paring to the ple dispersed in water in terms of AC minor loops Brownian relaxation was
occurred in PEI-coated MNPs dispersed in water However, it was indicated that Brownian relaxation was not occurred
in MNPs added to cells b aggregation inhibits the rotation of MNPs AC hysteresis loops measured at higher

y are also di d

[1] Nakammra et al , JEEE Trans. Magn.. 49, 240, 2013
[2] Dutz et al . Nanotechnol., 22, 265102, 2011
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Fig 1 (a) Magnified view of DC major loop and (b) AC minor loops of PEI coated MNPs dispersed in
water, fixed with agar or added into HeLa cells

Smart and Biocompatible Fe-Si Nanoparticles

Ying Jing', Wei-Hang Ji*, Wei Wang', Jinming Lii, Shihai He', Xiao-Ze Jiang’, Timothy
Wiedmann®, Chun Wang’ and Jian-Ping Wang' *
1 Department of Electrical and Computer Engineering:2 Department of Biomedical Engineering:
3. Department of Pharmaceutics, University of Minnesota, USA: *jpwang@umn edu

Thermal energy has been realized as an important tool for medical applications. Due to
its non-invasive, locally selective potential, considerable effort has been focused on the use of an
external, alternating magnetic field for conversion of magnetic work to heat with iron oxide
nanoparticles. Proper regulation of thermal energy remains a challenge due to the lack of
feedback from the local temperature change to the external power supply. We report the
development of biocompatible magnetic nanoparticles that have self-regulated heat generation.

To produce a functional material with intrinsic temperature regulation, we incorporated
Si into Fe to produce the desired particles. It is recognized that the T, is determined by the
strength of quantum mechanical exchange-coupling between Fe atoms. As such, the underlying
physics justify the use of Si to reduce T, of Fe by tuning the interaction through a control of the
exchange process. Importantly, Fe and Si are relatively nontoxic and therefore can be expected to
be processed to produce a biocompatible material.

Fe-S1 nanoparticles were fabricated by a sputtering-based gas-phase condensation process
and engineered with an adjustable magnetic transition temperature through tuning the Si content.
The magnetic moment of these particles is relatively high. and their biocompatibility was
established in several cell lines. The nanoparticles were also combined with a thermo-sensitive
polymer. which had the capability to release molecules with a magnetic stimulus, thereby
providing a platform for locally controlled drug release.

Following the characterization of the magnetic properties of the NPs, the cytotoxicity and
the rate of magnetic field heating was evaluated. To examine the biocompatibility of the Fe-S1
NPs, the cytotoxicity was tested in cultured mouse embryonic fibroblasts (NIH 3T3) and human
umbilical vein endothelial cells (HUVECS) using the standard MTT (3-(4.5-dimethylthiazol-2-
y1)-2,5-diphenyltetrazolium bromide) assay and Fe-Si nanoparticles were proved biocompatible.
To test the possibility of using these particles for thermally stimulated drug delivery, a heating
experiment was also performed in which the NPs were incorporated into a thermosensitive block
copolymer. A poly(ortho ester amides) (POEA) block copolymer was synthesized according to a
published method so that a gel-sol transition temperature at about 45 C was obtained.
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Figure 1. Bright field TEM images of Fe-S1 NPs with a, 17at% Si. b, 25at% S1. ¢, 42at% Si
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Diverging Magnetic and Physical Size )istributions
of Superparamagnetic Vanoparticles
Jos van Rijssel, Bonny W.M. Kuipers, Ben H. Erné*

Van °t Hoff Laboratory for Physical and Colloid Chemistry. Debye Institut= for Nanomaterials Science,
Utrecht University, Padualaan 8, 3584CH Utrecht, The Netherlands *E-mail: b h erne@uu nl

Much effort 1s devoted to the chemical synthesis of monodisperse iron oxide nanoparticles,
the assumption being that monodisperse size equals m modisperse magnetic properties. Sharply
defined magnetic properties are crucial for certain applications such as ac-field induced
hyperthermia or magnetic particle imaging [1] We iiscovered that 3 5% polydispersity in
physical size may nevertheless correspond to 35% iolydispersity in the effective magnetic
diameter. see the figures below.[2] Such magnetic polydispersity implies that the magnetic
relaxation dynamics span several orders of magnitude. The divergence between physical and
magnetic size distributions 1s due to poor crystallization and depends on the synthesis method.

These important observations stimulated us to improve our ability to extract magnetic size
distributions from magnetization curves. We developed software that does not make any a priori
assumption about the shape of the magnetic size dis nibution, assuming neither a lognormal
function nor a single population. We took a numerical inversion nethod well known from the
light scattering analysis of colloidal dispersions, and we applied 1t to the model-independent
analysis of the magnetization curves of superparamagnetic materials. We approximate the dipole
moment distribution by a senies of discrete bins and we fit these to the magnetization curve using
a non-negative least squares method. Our mathematical approach was published at the beginning
of this year. including validity tests performed on simulations a |d experimental data.[3] The
software 1s available for free via the website of our university library.[4] The program runs on
different platforms (Windows, Mac), works with different data formats (AGM, VSM, SQUID),
and we call it MINORIM: Model-Independent NOn-Regularized Inversion Method.
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K M. Krishnan, JEEE Trans. Magn. 46, 2523 (2010),
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Solvothermal synthesis of tunable magnetite nanorods and
its transfer from organic phase to water phase
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Compared with spherical nanoparticles, 1D magnetite nanorods offer longer
blood circulation times, stronger interaction with tumors, enhanced retention at tumor
sites and improved targeting efficiency, making them excellent candidate as targeting
pharmaceutical carrier or MRI contrast agents. [1]

Herein, we present a facile solvothermal method to prepare single crystal Fe;O4

nanorods with tunable aspect ratio (length from 58 to 250 nm. width from 8 to 64 nm).

Then the as-prepared oleic acid-capped hydrophobic nanorods were transferred into
water phase by oxidation and decomposition of oleic acid with sodium periodate. The
nanorods were characterized by FTIR, TGA, XRD, XPS, and HRTEM. The results
indicate that the nanorods are successfully synthesized and transferred into water
phase without change in morphs and crystallinity. Significantly, the Ms of nanorods
increased from 62.5 to 71.3 emu/g after modification [?! These water soluble nanorods
would have great potential for various biomedical applications such as MRI, magnetic
hyperthermia and targeting drug delivery.

Fig. lTEanges(AandC)of ds in cycloh d solvothermally, and transfer of them into the
watu'eamer(BandD)andﬂJeconupoudmgSAED(msasmA,B C and D) and HR-TEM images (F) of iron
oxide nanorods There is no significant change in size and morphology (length in A, B=58nm. in C, D=250nm)
The nanorods dispersions before and after transfer are also showed (E)

Reference:

[11Y. Geng. P. Dalhaimer, S. Cai, et. al, Nat. Nanotechnol., 2007, 2, 249-255.
[2]J-C. S1, Y. Xing, M.-L. Peng, et. al, CrystEngComm. 2014, 16, 512-516.
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Microwave-assisted Chemoselective Functionalisation
of Iron Oxide Nanoparticles for Cardiovascular Imaging

Fernando Herranz®®, Beatriz Salinas®®, Riju Bhavesh® and Jests Ruiz-
Cabello®®

a, Advanced Imaging Unit, Spanish Cardiovascular Research Centre (CNIC), 28029
Madrid, Spain.

b, Spanish Pulmonary Diseases Research Centre (CIBERES), 28029 Madrid, Spain.
fherranz@cnic.es

The chemoselective and reproducible synthesis of iron oxide nanoparticles for
biomedical applications is one of the most important challenges in the field of
nanomedicine. This is particularly true if a final clinical application is intended. To achieve
this aim we have combined two innovative approaches; the microwave-assisted synthesis
of superparamagnetic iron oxide nanoparticles and their chemoselective functionalisation
with several biomolecules, also performed in a microwave. We have synthesised six types
of multifunctional nanoparticles with good magnetic properties, excellent reproducibility
and different biomedical applications.

A B

Figure 1. Selected examples of functionalised nanoparticles (A), in vivo optical imaging
(B) and Magnetic Resonance Imaging (C)

Among the different applications we will demonstrate the in vivo detection of
angiogenesis process (Figure 1) and the selective accumulation in atherosclerosis plaque.
These nanoparticles have particularly interesting proPerties for biomedical imaging like a
hydrodynamic size of 30 nm, a r, value of 173 mM's™ and about 5 molecules of the active
surfactant per nm®. The selective accumulation of these particles in atherosclerosis
models will be demonstrated by MR, fluorescence imaging and histology.
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#  First Author Poster Title Presenting Author

1 Adumeau Laurent Bioconjugation of multimodal nanoprobes for molecular imaging of vulnerable atherosclerosis plaques Adumeau Laurent

2 Ahrentorp Fredrik Effective particle magnetic moment of multi-core particles Johansson Christer

3 Al Akras M Ali Continuous and delayed photohemolysis sensitized with methylene blue and iron oxide particles Al Akras M Ali

4  Al-Kaidy Huschyar Use of superhydrophobic magnetite particles to build reaction capsules for lab-on-a-chip systems in microliter scale Al-Kaidy Huschyar

5 Andreu Irene Heating ability of cobalt ferrite nanoparticles showing dynamic and interaction effects Andreu Irene

6 Antal Iryna Aliskiren-loaded magnetic labelled PLA nanospheres for hypertension treatment Antal Iryna

7  Aurich Konstanze Evaluation of in vivo imaging of magnetically labelled blood cells Aurich Konstanze

8 Bahadur Dhirendra Bio-polymer stabilized Fe304-graphene as an amphiphilic drug carrier for thermo-chemotherapy of cancer Bahadur Dhirendra

9 Baker lan Dartmouth center for cancer nanotechnology excellence: Magnetic hyperthermia Baker lan

10 Balasoiu Maria Biogenic nanoparticles produced by bacteria klebsiella oxytoca: structural investigations Balasoiu Maria

11 Baldikova Eva Magnetically modified straw for dyes removal Baldikova Eva

12 Becnel Andrew Nondimensional scaling of magnetorheological rotary shear mode devices using the mason number Becnel Andrew

13 Bednarikova Zuzana Poly(lactide) nanoparticles loaded with albumin modified magnetite depolymerize insulin amyloid fibrils Bednarikova Zuzana

14 Belousov Andrey Preparation of nanotechnology as magnetically-resonant contrasting means during visualization of malignant tumour Belousov Andrey

15 Belousov Andrey Reduced of erythrocyte destruction by means of magnetite nanoparticles (MCS-B) Belousov Andrey

16 Benelmekki Maria Stable colloidal suspension of Fe-Ag nanoparticles encapsulated by an amorphous Si shell prepared by inert-gas-condensation meth Benelmekki Maria

17 Berenguel-Alonso  Miguel Magnetic actuator for the control and mixing of magnetic bead-based reactions on-chip Berenguel-Alonso Miguel

18 Berrin Saracoglu 3D formation of cancer stem cells within MCF-7 derived mammospheres and hyperthermia treatment Berrin Saracoglu

19 Beyk Beyk Tina Effect of precipitation agent on morphology of Fe304 nanoparticles in hydrothermal process Ghasemi Ebrahim

20 Blanco-Andujar Cristina Highly controllable microwave synthesis of biocompatible iron oxide nanoparticles with tailored magnetic relaxation properties Blanco-Andujar Cristina

21 Bleul Regina Continuously manufactured magnetic polymersomes - A further step towards theranostics Bleul Regina

22 Bokharaei Mehrdad Thermal properties of magnetic microspheres Bokharaei Mehrdad

23 Bokharaei Mehrdad Encapsulation of Hydrophilic and Lipophilic Magnetic Nanoparticles in PLA Microspheres using a Microfluidics Chip Bokharaei Mehrdad

24  Boskovic M. Magnetic human serum albumin microspheres as a possible radionuclide delivery platform in cancer therapy Antic Bratislav

25 Boudon Julien Multimodal imaging platforms based on SPIONs Millot Nadine
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26 Bouremana Ahmed Synthesis of nickel urchin-like chain: Structural, microstructural and magnetic studies Bouremana Ahmed

27 Branca Marlene Different ways to transfer iron nanoparticles into water: Towards MRI T2 contrast agents of increased efficiency Branca Marlene

28 Brezovan Diana Preliminary study regarding the solar protector factor of magnetic nanocompounds Brezovan Diana

29  Brintakis Konstantinos Multitasking iron oxide magnetic nanoclusters for diagnosis and medical treatment Brintakis Konstantinos

30 Brusentsov Nikolay Dextran-ferrite magnetic nanoparticles contrast-enhanced MRI and combined magneto-thermochemotherapy cancer treatment  Komissarova Lubov

31 Buliakova Barbora The surface-modified magnetite nanoparticles induce ERK1/2, SAPK/JNK and p53 phosphorylation in A549 cells Buliakova Barbora

32 Buske Norbert Theranostic potential of ferrofluids containing modified ultra small magnetic particles (USPIO-FF) Dutz Silvio

33 Cabrera David Experimental determination of dynamical hysteretic processes in superparamagnetic iron oxide nanoparticles Cabrera David

34 Cannas Carla Strategies in the design of colloidal low and high porosity silica-based magnetic nanoarchitectures Cannas Carla

35 Cargou Sébastien An integrated magnetic planar actuator redefining multilevel (3D) microfluidic strategies Cargou Sébastien

36 Celikkin Nehar Labelling of dendritic cells with polyelectrolyte-coated ferumoxytol nanoparticles for tracking by magnetic resonance imaging Celikkin Nehar

37 Chakraborty Sourav Synthesis of magnetic polystyrene nanoparticles using amphiphilic ionic liquid stabilized RAFT mediated miniemulsion polymerizatic Chakraborty Sourav

38 Chanhom Padtaraporn Magnetite-silica-titania nanocomposites and their photocatalytic activities Insin Numpon

39 Cheraghipour Elham Nanoparticles of conjugated methotrexate-cationic human serum albumin-superparamagnetic iron oxide: Synthesis, characterizatio Cheraghipour Elham

40 Chernenco Yulia Study of aggregation of magnetic microcarrier based on SiO2 by NMR relaxometry and conductometry Gareev Kamil

41 Chiriac Horia In vitro cytotoxicity of biocompatible Fe-Cr-Nb-B magnetic nanoparticles against human osteosarcoma cancer cells under high frequ Chiriac Horia

42 Conde-Leboran Ivan Uniaxial vs. cubic magnetocrystalline anisotropy on the dosage-dependence hyperthermia properties of ferromagnetic nanoparticle Conde-Leboran Ivan

43 Dahring Heidi Optimized treatment planning of tumors under consideration of magnetic nanoparticle distribution using microCT Déhring H.

44  De Matteis Laura Nanostructural characterization of bio-magnetic cobalt ferrite-alginate nanospheres De Matteis Laura

45 de Paula Leonardo Combination of the hyperthermia and photodynamic therapy on cancer treatment using target delivery chloroaluminum phthalocy: Tedesco Antonio

46 Debbeler Christina Micro CT-based determination of ferrofluid iron concentration Debbeler Christina

47 Dedourkova Tereza Preparation of manganese perovskite magnetic nanoparticles and their mechanical treatment Dedourkova Tereza

48 Dennis Cindi Determination of magnetic property distributions through first order reversal curves (FORC) Dennis Cindi

49 Dieckhoff Jan Single-core magnetic markers in rotating magnetic field based homogeneous bioassays and the law of mass action Dieckhoff Jan

50 dos Santos Jucély One pot synthesis of magnetic chitosan loaded with tryptophan dos Santos Jucély

51 Dutz Silvio FexOy nanopowders prepared by CO2 laser vaporization - Control of crystal phase composition Dutz Silvio

52 Dutz Silvio Formation of a protein corona around magnetic nanoparticles after administration into a biological system Dutz Silvio

53 Dvorakova Veronika Innovative approach for quantum dots antibody labeling based on antigen-modified magnetic particles Dvorakova Veronika

54  Dynes Jake A novel code for simulation of magnetic carrier laden fluids with structure dependent rheology in blood vessels Yecko Philip

55 Eamegdool Steven Iron oxide nanoparticles as multi-functional probes for tracking human foetal neural stem cells Pham Binh

56 Eberbeck Dietmar Magnetic behaviour of DDM128 in agarose gel, gelatine and sugar matrix Eberbeck Dietmar

57 El Hajj Diab Darine High-frequency magnetic field induced cell death in endocrine tumors cells targeted by magnetic nanoparticles El Hajj Diab Darine

58 Esposito Tullio CpG ODN coated magnetic nanoparticles have augmented activity via toll-like receptor 9 (TLR9) and potential vaccine applications Esposito Tullio

59 Fal Timothy Chain formation rates for magnetic nanoparticles Fal Timothy
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60 Feng Yinglong Simulation and experimental investigation of the effects of high moment magnetic nanoparticles on the generation of local reversal Feng Yinglong

61 Fouet Marc A microfluidic magnetic hybrid actuator for advanced handling functions at cell resolution Fouet Marc

62 Gabbasov Raul Characterization of iron oxide SHP-type nanoparticles from ocean nanotech by Mdéssbauer, magnetization and x-ray diffraction met Gabbasov Raul

63 Garaio Eneko Specific absorption rate dependence on temperature in magnetic field hyperthermia measured by dynamic hysteresis losses (AC mz Sandre Olivier

64 Gasilova Natalia Magnetic beads as an immunosupport for component-resolved diagnostic of cow's milk allergy Gasilova Natalia

65 Ghasemi Ebrahim Agglomeration effect on the rheological properties of a Fe304 ferrofluid Ghasemi Ebrahim

66 Gilbert Richard NGF releasing magnetic nanospheres - Moveable chemotactic gradients to direct neurite extension Dutz Silvio

67 Girod Matthias How temperature determines structure of maghemite nanoparticles: A small-angle X-ray scattering study Thiinemann Andreas

68 Gitter Kurt Investigations on a branched tube model in magnetic drug targeting - Measurements and simulations with water and blood Gitter Kurt

69 Gogola Daniel Simulation and experimental study of magnetic fields generated by the magnetic nanoparticles using magnetic resonance imaging Gogola Daniel

70 Goloverda Galina Development of non-polymeric amphiphilic coating for metal oxide nanoparticles to be used as delivery and imaging agents Goloverda Galina

71 Gdémez-de Pedro Sara Automatic microsystem for multi-step magnetic bead-based biochemical assays Sara Gomez

72 Gonzalez-Moragas Laura Initial evaluation of the interaction between iron oxide nanoparticles and caenorhabditis elegans Roig Anna

73 Gorobets Svitlana Biomineralization magnetic nanoparticles by human's bacterial symbionts Gorobets Svitlana

74  Grafe Christine Cationic superparamagnetic iron oxide nanoparticles affect the survival-associated AKT-FOXO3 axis Grafe Christine

75 Green Luke High pressure synthesis of FePt nanoparticles with controlled morphology and Fe content Nguyen Thanh

76 Green Luke Multicore magnetic FePt nanoparticles: Controlled formation and properties Nguyen Thanh

77 Grzeskowiak Bartosz Nanomagnetic activation as a way to control efficacy of nucleic acid delivery Mykhaylyk Olga

78 Gusenbauer Markus Magnetic particle dynamics in turbulent flow Gusenbauer Markus

79 Gutierrez Fabiola Characterization of individual superparamagnetic particles using a torsional molecular spring Gutierrez Fabiola

80 Gutiérrez Lucia Tunning magnetic and relaxometric properties of ferrihydrite Gutiérrez Lucia

81 Hachani Roxanne Development of novel functional magnetite nanoparticles for evaluation of human mesenchymal stem cell (hMSC) labelling in a tiss Hachani Roxanne

82 Heidsieck Alexandra Measurement of magnetic moment via optical transmission Heidsieck Alexandra

83 Heinke David Biogenic magnetite nanoparticles as new tracers for MPl and MRI Heinke David

84 Henrich Franzsika Heat transition during magnetic heating treatment: study with tissue models and simulation Rahn Helene

85 Henriksen Anders Optimization of magnetoresistive sensor current for on-chip magnetic bead detection using the sensor self-field Henriksen Anders

86 Herrera Wiliam Trujilo Synthesis and Characterization of Magnetite Nanoparticles Functionalized with Carboxyl and Amino acids for Biomedical and Enviro Herrera Wiliam Trujilo

87 Hirota Noriyuki Separation of the mixture of particles into individual component with the aid of magneto-archimedes separation Hirota Noriyuki

88 Hocine Mustapha X-ray diffraction, méssbauer and magnetic studies of (Fe70C030)100-xSix nanostructured powders elaborated by mechanical alloyir Hocine Mustapha

89 Holubova Lucie Magnetic macroporous particles as an essential tool of multiparametric degradation approach for production of size-defined hyalur Holubova Lucie

90 Horak Daniel Novel monodisperse carboxyl functionalized poly(ethylene glycol)-coated magnetic poly(glycidyl methacrylate) microspheres: ApplitHorak Daniel

91 Huang Charlie Simple, water base protein conjugation and/or assembly of complex magnetic nanoparticles Maeji Nobuyoshi

92 Hunt Haley Measurement of the size effects on the biodistribution of polymer sterically stabilized magnetic nanoparticles Hunt Haley

93 lllés Erzsébet Novel carboxylated PEG-coating on magnetite nanoparticles designed for biomedical applications Ilés Erzsébet
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94 Injumpa Wishulada Synthesis of magnetite-silica-PPEGMA nanocomposite size series for drug delivery applications Injumpa Wishulada
95 Jain Nirmesh The steric stabilization of magnetic nanoparticles is crucial for hyperthermia applications Jain Nirmesh
96 Jouhannaud Julien Detection of dendronized superparamagnetic nanoparticle using gradiometer induction sensors for intraoperative localization of thi Pourroy Geneviéve
97 Kacenka Michal Transverse relaxivity of silica coated manganite nanoparticles: The effects of composition and size Kacenka Michal
98 Kashevsky Bronislav Magnetic hyperthermia with high-coercivity nanoparticles Kashevsky Bronislav
99 Kim Jongsik Development of an intravascular magnetomotive optical coherence tomography system Kim Jongsik
100 Kistrup Kasper Liquid carry-over in an all-polymer chip system for magnetic bead-based solid phase extraction Kistrup Kasper
101 Kitenbergs Guntars Magnetic particle mixing with magnetic micro-convection for microfluidics Kitenbergs Guntars
102 Klein Todd Domain nucleation array and its interaction with magnetic nanoparticles Klein Todd
103 Klein Stefanie Iron oxide nanoparticles for radiation therapy Klein Stefanie
104 Knopke Christian Numerical simulation of different dipole-dipole-interaction models and their influence on temperature dependent magnetorelaxorr Knopke Christian
105 Koktan Jakub Hybrid silica coated magnetic nanoparticles decorated with gold Koktan Jakub
106 Kolesnichenko Vladimir NMR relaxivity studies on surfactant-free superparamagnetic iron oxide nanoparticles: The effect of particle size, magnetization anc Kolesnichenko Vladimir
107 Kolokithas-Ntoukas Argiris Condensed colloidal magnetite nanocrystal clusters for theranostic applications Bakandritsos Aristides
108 Kolokithas-Ntoukas Argiris Design and evaluation of epitaxially condensed colloidal nanocrystal clusters with superior magnetic properties for biomedical appli Kolokithas-Ntoukas Argiris
109 Komissarova Lubov Anti-tumor activity of hemin immobilized on magnetic microparticles Komissarova Lubov
110 Komissarova Lubov Possibility of using a new magnetic carbon sorbent as doxorubicin carrier Gorbunova Nellya
111 Koneracka Martina Magnetic fluids optimization for contrast enhancement in magnetic resonance imaging Koneracka Martina
112 Kopcansky Peter Destroying activity of magnetoferritin on lysozyme amyloid fibrils Kopcansky Peter
113 Koralewski Marceli Magnetooptical investigation of ferritin iron uptake and release Koralewski Marceli
114 Krafcik Andrej Computational analysis of magnetic field induced deposition of magnetic particles in lung alveolus in comparison to deposition prod Krafcik Andrej
115 Kralj Slavko Magnetic assembly of superparamagnetic nanoparticle clusters into peapod-like structures Kralj Slavko
116 Kramer Florian Colloidal stability of silica-encapsulated ni nanorods in moderate electrolytes and their biocompatibility to human brain microvascu Kramer Florian
117 Kubovcikova Martina Preparation, stability and biocompatibility of magnetic fluid modified by poly( ethylene glycol) Kubovcikova Martina
118 Kucerova Jana Magnetic beads-based DNA extraction: Different techniques compatible with PCR and microfluidic systems Kucerova Jana
119 Kulkarni Sandip Quantifying the motion of magnetic nanoparticles through liver, kidney and brain tissues Lamar Mair
120 Kumari Monika Assessing superparamagnetic iron oxide nanoparticles with first order reversal curves Kumari Monika
121 Kuznetsov Oleg Carbon-encapsulated iron nanoparticles for hyperthermia and other biomedical applications Kuznetsov Oleg
122 Lak Aidin Resolving particle size modality in iron oxide based magnetic ferrofluids using dynamic and static magnetic measurements Lak Aidin
123  Lamrani Sabrina X-ray diffraction and magnetic studies of permalloy thin films grown by evaporation Lamrani Sabrina
124 Landgraf Lisa High biocompatibility of asymmetric gold at iron oxide nanoparticles with excellent properties as drug carriers and for multimodal ir Landgraf Lisa
125 Leitgeb Maja Toxicity of magnetic chitosan micro and nanoparticles as carriers for biologically active substances Leitgeb Maja
126 Li Wensong Rapid and large-scale separation of magnetic nanoparticles by low-field permanent magnet with gas assistance Yang Liangrong
127 Liebl Maik A rabbit sized phantom for validation of magnetic nanoparticle imaging Liebl Maik
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128 Liu Peng Preparation and characterization of monodisperse magnetic microspheres using a T-shaped microchannel reactor Liu Peng
129 Lowa Norbert Detecting changes during cellular uptake of magnetic nanoparticles using magnetic particle spectroscopy Léwa Norbert
130 Lowa Norbert Hydrodynamic and magnetic fractionation of magnetic nanoparticles for MPI Lowa Norbert
131 Ludtke-Buzug Kerstin Development of SPION-coatings for visualization of surgical instruments in magnetic particle imaging Ludtke-Buzug Kerstin
132 Lunov Oleg Novel insight into mechanism of magnetic field action on cells with internalized nanoparticles Lunov Oleg
133 Lupu Nicoleta Novel Fe-ETM-Nb-B (ETM =TI, Ta, Mn) glassy alloys for use in magnetic hyperthermia Lupu Nicoleta
134 Mackova Hana Investigation of oxidative stress of colloidally stable polymer-modified iron oxide nanoparticles and their anti-tumor activity Mackova Hana
135 Maderova Zdenka The use of complex magnetic biomaterial for decreasing pseudomonas aeruginosa biofilm formation Maderova Zdenka
136 Mair Lamar Single-aperture microshell neuroparticlesTM for controlled CNS drug delivery Mair Lamar
137 Mandal Swapan Enhanced magnetic and size dependent properties of oleic acid stabilized BiFeO3 nanocrystals at room temperature Mandal Swapan
138 Mardinoglu Adil Modelling the size of SPIONs in stent assisted magnetic drug targeting applications Mardinoglu Adil
139 Martins Murillo Characterization with X ray and neutron scattering techniques of a magnetic bio-nanocomposite to be used in the treatment of bre: Martins Murillo
140 Matuszak Jasmin Accumulation of circulating superparamagnetic iron oxide nanoparticles (SPIONs) in endothelial cells: Effects on endothelial viability Matuszak Jasmin
141 Meffre Anca Novel route of water soluble iron based nanoparticles for magnetic hyperthermia Meffre Anca
142 Melnikova Lucia Structural properties of magnetoferritin by small angle X-rays and neutrons scattering methods Melnikova Lucia
143 Mertz Damien Protein micro/nanoparticles assembled via isobutyramide groups Mertz Damien
144 Mihesan Claudia Formation by LAL and characterization of citric acid-coated iron oxide nanoparticles Mihesan Claudia
145 Mischenko llya Mossbauer evaluation of the interparticle magnetic interactions within the magnetic hyperthermia beads Mischenko llya
146 Mitamura Yoshinori Effects of a high gradient magnetic field on flowing erythrocytes in a hollow fiber membrane oxygenator Mitamura Yoshinori
147 Moise Sandhya A study of the cellular-nanoparticle interactions and assessment of the magnetic response of novel bacterially synthesized substitut Moise Sandhya
148 Mojica-Pisciotti Mary In vitro and in vivo experiments with functionalized SPIONs for medical applications Mojica-Pisciotti Mary
149 Mojica-Pisciotti Mary Iron oxide nanoparticles: An experimental study on the magnetic heating effect Mojica-Pisciotti Mary
150 Molcan Matus Energy losses in bacterial magnetosomes as potential hyperthermia material Molcan Matus
151 Moore Lee Design of a continuous biomagnetic algae harvester Moore Lee
152 Muela Alicia Hyperthermia response of magnetosomes extracted from magnetospirillum gryphiswaldense strain MSR-1 Fdez-Gubieda M. Luisa
153 Miller Robert Optical detection of nanoparticles in a living system under the influence of a magnetic Miller Robert
154 Murakami Makoto Magnetic iron oxide nanoparticles having high AC-susceptibility Murakami Makoto
155 Mykhaylyk Olga Colloidal stability and magnetophoretic mobility of the silica iron oxide magnetic nanoparticles and their assemblies for gene delive Mykhaylyk Olga
156 Nantz Michael Amf-induced release of iron oxide-bound substrates via cyclization of thermally responsive amino-carbonates and -carbamates Nantz Michael
157 Narayanasamy Kaarijel Improving transfection efficacy using nanoparticles inmagnet-assisted gene delivery Dobson Jon
158 Naserimohajad M. Mehdi Design of High Frequency Magnetic Hyperthermia System for Human Cancer Treatment using Superparamagnetic Nano Particles  Naserimohajad M. Mehdi
159 Natividad Eva Why measuring SAR in function of temperature may result useful and/or interesting Natividad Eva
160 Nehilla Barrett Rapid and controlled transition of magnetic nano- to micro-particles: A useful feature for bioseparations Nehilla Barrett
161 Nemala H. Investigation of magnetic properties of Fe;0, nanoparticles using temperature dependent magnetic hyperthermia in ferrofluids Vaishnava Prem
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162 Nesztor Daniel Controlled clustering of PAM-coated superparamagnetic iron oxide nanoparticles through PEI Nesztor Daniel
163 Neubert Jenni Effects of different superparamagnetic iron oxide nanoparticles on murine primary brain cells Neubert Jenni
164 Niehaus Jan Controlled clustering and functionalization of SPIOs Niehaus Jan
165 Nikolaev Boris Instrumental approach for analysis of protein function in magnetic nanocarriers: 31P NMR study of atpase cycle of heat shock prote Nikolaev Boris
166 Nikolaev Boris Modelling of NMR relaxation immunoanalysis using superparamagnetic complement system: interferon-immunonanomarker Nikolaev Boris
167 Ooi Chin Chun Design for highly parallel and uniform magnetic cell separation Ooi Chin Chun
168 Orlov Alexey Express dry-reagent bioassay based on detection of magnetic nanoparticles from the entire volume of 3D structures Orlov Alexey
169 Ota Satoshi Differences between Brownian and Néel relaxation properties evaluated by AC susceptibility measurements Ota Satoshi
170 Pacakova Barbara Balanced nanoparticle spin disorder for enhancement of cancer treatment Pacakova Barbara
171 Palma Susana A new fucose rich bacterial exopolysaccharide for SPION stabilization Palma Susana
172 Pardowitz Johannes Field induced cluster formation detected by nuclear magnetic resonance Pardowitz Johannes
173 Parr Marina Electro-optical and DLS study of interaction between magnetic nanoparticles conjugated to Hsp70 and its antibodies Parr Marina
174 Payer Petra Mild magnetic separation of circulating tumour cells Payer Petra
175 Pivetal Jeremy Selective micro-patterning of microbial cells onto micro-magnet arrays for single cell analysis Pivetal Jeremy
176 Polikarpov Mikhail Mossbauer study of biodegradation of polymer coated magnetic beads Polikarpov Mikhail
177 Polikarpov Dmitry Mossbauer study of exogenous iron redistribution between the brain and the liver after administration of ferrofluid in the ventricle Polikarpov Dmitry
178 Pombo Garcia Karina Zwitterionic-coated ultrasmall iron oxide nanoparticles for magnetic resonance imaging Pombo Garcia Karina
179 POmpner Nadine Uptake and cytotoxic effects of methotrexate coupled magnetic nanoparticles in different breast cancer cell lines for multimodal tre Pompner Nadine
180 Pospiskova Kristyna Low-temperature postmagnetization of sensitive biological materials Pospiskova Kristyna
181 Prabu Chakrapani  Encapsulation of methotrexate magnetic microcapsules for targeted rheumatoid arthritis therapy Latha Subbiah
182 Prabu Chakrapani  Formulation optimisation and evaluation of prednisolone loaded magnetic shells Selvamani Palanisamy
183 Puddu Michela Stable and inert DNA/silica encapsulates with magnetic cores as tracing/tagging tools Puddu Michela
184 Pyanzina Elena Influence of magnetic interparticles interaction on the macroscopic behavior of magnetic fluids Pyanzina Elena
185 Pyshnyi Michael Multi-beam ultrasonic doppler imaging technique improves sensitivity and spatial resolution of visualization of magnetic micro- and Pyshnyi Michael
186 Qiuyu Zhang Fabrication and characterization of 1 D polymer magnetic nanochains with thermal and ph response for controlled drug release Qiuyu Zhang
187 Radon Patricia Magnetic particle spectroscopy for real-time quantification of magnetic nanoparticles in a flow phantom Radon Patricia
188 Radovic Magdalena  Multifunctional 90Y-labelled Fe304-PEG600 nanoparticles for possible application in combined radionuclide-magnetic hyperthermi: Radovic¢ Magdalena
189 Raikher Yuriy Modelling of magnetic nanoparticle hyperthermia with allowance for the néel and brown relaxation mechanisms Raikher Yuriy
190 Ramachandra Kurup Arathyram Mussel inspired electrospun smart magnetic nanofibers for hyperthermic chemotherapy Ramachandra K. S. Arathyram
191 Ramaswamy Bharath Chaining and movement of magnetic nanoparticles in brain tissue Lamar Mair
192 Remmer Hilke Suitability of magnetic single- and multi-core nanoparticles to detect protein binding with dynamic magnetic measurement techniq Remmer Hilke
193 Ruiz Amalia Biotransformation of magnetic nanoparticles as a function of the coating in a rat model Ruiz Amalia
194 Rimenapp Christine Detection of molecules and cells using magnetic resonance with magnetic nanoparticles Rimenapp Christine
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195 RiUmenapp Christine Monitoring of the aging of magnetic nanoparticles using moessbauer spectroscopy Rimenapp Christine
196 Sader Maha Use of magnetic nanoparticles functionalized with an antagonist of nucleolin named NUCANT 6L for therapy and diagnosis of breast Sader Maha
197 Sakellari Despoina Exploring multifunctional potential of commercial ferrofluids by magnetic particle hyperthermia Sakellari Despoina
198 Sanchez-Antequera Yolanda Magnetofection technology for efficient mRNA delivery to somatic cells Sanchez-Antequera Yolanda
199 Schamber Stefania Iron oxide polyelectrolyte multilayer particles: Transport of sirna into cells Schamber Stefania
200 Scharfenberg Dorothee Directing nanoparticle-loaded brain cancer cells by a magnetic field Scharfenberg Dorothee
201 Schlenk Florian Biocompatibility testing of intravenously applied iron oxide contrast agents in vitro and ex ovo Fischer Dagmar
202 Schmidt Daniel Parameterization of the harmonic content of the complex MPI signal of magnetic tracers using a set of polynomial coefficients Schmidt Daniel
203 Schneider Thomas Facile microwave synthesis of uniform magnetic nanoparticles for magnetic drug targeting Schneider Thomas
204 Schrittwieser Stefan Protein biomarker detection by a homogeneous label-free method based on rotational dynamics of hybrid magnetic nanorods Schrittwieser Stefan
205 Schumacher Christoph Quantitative recovery of magnetic nanoparticles from flowing blood: Trace analysis and the role of magnetization Schumacher Christoph
206 Seidel Maria Preparation and characterization of phantoms for imaging applications Seidel Maria
207 Senn Nico Assessing biodistribution of magnetic nanoparticles in mouse tissue using remanent saturation magnetization Senn Nico

208 Sergiu Ruta Theoretical study of magnetic hyperthermia: Investigation of superparamagnetic and hysteresis energy loss Sergiu Ruta

209 Shaw Martin Application of a novel magnetic immunoassay system to point of care diagnostics: Development and validation of a high sensitivity Shaw Martin
210 Shevtsov Maxim Functionalized superparamagnetic iron oxide nanoparticles (SPIONs) for diagnostics and therapy of malignant brain tumours Shevtsov Maxim
211 Shipunova Victoria Magnetic nanoparticles for imaging and quantitative analysis of the oncomarker HER2/neu expression on the cell surface Shipunova Victoria
212 Shubitidze Fridon Study of the heating mechanism of new type of magnetic nanoparticles with high specific absorption rate at low field strength Shubitidze Fridon
213 Siposova Katarina The molecular mass of dextran modifying magnetite nanoparticles affects destruction of insulin amyloid fibrils Gazova Zuzana
214 Skumiel Andrzej Advantages and disadvantages of different methods of temperature measurement in the magnetic fluid hyperthermia studies Skumiel Andrzej
215 Slabu loana Detection sensitivity of MRI and MPI for mesh implants with incorporated magnetic nanoparticles Slabu loana
216 Slabu loana Simulation of magnetic nanoparticle interactions in magnetic drug targeting models Slabu loana
217 Stominski Konrad Influence of bsa concentration on acoustic properties of albumin-modified magnetic fluid Jozefczak Arkadiusz
218 Sobisch Titus Novel method for fast characterization of magnetic properties of particles and magnetic beads in centrifugal/magnetic field Sobisch Titus

219 Sodipo Bashiru Non-seeded synthesis and characterization of highly magnetic and ultra thin silica coated superparamagnetic iron oxide nanoparticl Sodipo Bashiru
220 Soukup Dalibor The use of AC-susceptometry for in vitro magnetic nanoparticle investigations Soukup Dalibor
221 Sousa Marcelo Magnetic hyperthermia of Mn1-xCoxFe204 nanoparticles prepared via hydrothermal high-pressure synthesis method Sousa Marcelo
222 Sprenger Lisa Continuous size-dependent separation of microspheres in human whole blood in microfluidic cascading spirals Sprenger Lisa

223  Sreekumari Aparna Anisotropy of magnetoviscous effect in strongly interacting ferrofluids Sreekumari Aparna
224 Stange Robert Electromagnetic sample-mixer - Biomagnetic separation with variable magnetic fields Stange Robert
225 Stapf Marcus Intravenously applied PEG nanoparticles for magnetic hyperthermia enrich mostly in liver and lungs Stapf Marcus
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226 Steiner Mark-Steven High-purity enrichment of human hematopoietic stem cells utilizing MACS technology Steiner Mark-Steven
227 Stepanov Victor Theoretical aspects of AC susceptometry of magnetic nanoparticles in a suspension Stepanov Victor
228 Stone Roland Synthesis of a heterobifunctional polymer platform for tailored multimodal theranostic magnetic particles Mefford Thompson
229 Strbak Oliver A novel method for non-invasive iron oxide nanoparticles quantification using magnetic resonance imaging Strbak Oliver
230 Strbak Oliver Influence of saline and glucose molecules to contrast properties of clinically used MRI contrast agents Strbak Oliver
231 Sumari Deborah Magnetic cytosmear for specialized cytological analyses in global health and diseases Sumari Deborah
232 Syrovets Tatiana Swelling and apoptosis of monocytic leukemia cells in high gradient magnetic fields Syrovets Tatiana
233 Szczerba Wojciech Characterization of multicore superparamagnetic iron oxide nanoparticles using XAFS and SAXS Thiinemann Andreas
234 Theumer Anja Functionalized superparamagnetic iron oxide nanoparticles exert diverse effects on multicellular spheroids Theumer Anja
235 Thomas Guillaume Dota-functionalized magnetite nanoparticles as contrast agents for MRI/PET double imaging Thomas Guillaume
236 Tokarev Alexander Reconfigurable anisotropic coatings via magnetic field directed assembly and translocation of locking magnetic chains Tokarev Alexander
237 Tomasovicova Natalia Elimination of magnetic nanoparticles with various surface modifications in the blood stream in vivo Tomasovicova Natalia
238 Tombacz Etelka Physicochemical and colloidal criteria of magnetic nanoparticle systems eligible for biological testing Tombdcz Etelka
239 Torres Teobaldo Experimental observation of brownian contribution to the relaxation mechanisms of CoXFe3-X04 nanoparticles and theoretical ana Torres Teobaldo
240 Téth Ildikd Magnetic hyaluronate hydrogels: preparation and characterization Toéth Ildikd
241 Toéth Ildikd Preparation and characterization of chondroitin-sulfate-A-coated magnetite nanoparticles for biomedical applications Toéth Ildikd
242 Trachtova Stepanka Study on the encapsulation of magnetic cores using real time polymerase reaction Trachtova Stepanka
243  Turcu Rodica Magnetic microgels for drug targeting applications: Physical-chemical properties and cytotoxicity evaluation Turcu Rodica
244 Unterweger Harald Magnetic iron oxide nanoparticles with cisplatin-bearing polymer coating for targeted drug delivery Unterweger Harald
245 van Reenen Alexander Accurate quantification of magnetic particle properties by intra-pair magnetophoresis for nanobiotechnology van Reenen Alexander
246 van Reenen Alexander Dynamic magnetic particle actuation for integrated lab-on-chip biosensing van Reenen Alexander
247 van Reenen Alexander Magnetic field-induced rotaphoresis for controlled redistribution of magnetic particles over a surface van Reenen Alexander
248 van Vliembergen Roland A rotating molecular ruler: Determining nanometer-scale particle-particle distances in an optomagnetic cluster assay van Vliembergen Roland
249 Varchulova Novakov Zuzana Cytotoxicity tests of bacterial magnetosomes on cell lines HT-29 and A549 Varchulova N. Zuzana
250 Veverka Miroslav Magnetic and relaxometric studies of silica-coated Co-Zn ferrite Veverka Miroslav
251 Vieira José Assisted formation of alkoxysilanes on the surface of ferrite nanoparticles and their magnetic properties Chaker Juliano
252 Volmer Marius Using permalloy based planar hall effect sensors to capture and detect superparamagnetic beads for lab on a chip applications Volmer Marius
253 von der Lihe Moritz Fe304@polydehydroalanine hybrid particles von der Liihe Moritz
254 Voronina Natalia Novel approach to magnetically guided delivery of microrna to endothelial cells Voronina Natalia
255 Wang Yi Experimental and statistical investigation of signal to noise ratio for GMR nanosensors for molecules detection Wang Yi
256 Wang Jian-Ping Recent Progress of Magnetic Biosensing Technology and Detection of Mercuric lon for Environmental Monitoring Wang Jian-Ping
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#  First Author Poster Title Presenting Author
257 Wereley Norman Remixability of magnetorheological fluid after exposure to centripetal acceleration Wereley Norman
258 Wu Kai Colorize magnetic nanoparticles using a new search coil based testing method Wu Kai
259 Xie Lei Measuring stratification in a magnetorheological fluid column using a vertical axis inductance monitoring system Xie Lei
260 Xue Wei Magnetic property analysis of cells with single-cell magnetophoresis Xue Wei
261 Yadavalli Tejabhiram  Dual responsive fluorescent magnetic nanopolymers for targeted drug delivery Yadavalli Tejabhiram
262 Yagci acar Havva Development of magnetic and luminescent hybrid nanoparticles as theranostic materials Yagci acar Havva
263 Yoshida Takashi Effect of viscosity on harmonic signals from magnetic fluid Yoshida Takashi
264 Yu Siming Can SPIONs aggregation be controlled in biological media? (yes) ...but ... can SPIONs aggregation be advantageous for some applicat Roig Anna
265 Yu Lina DNA-conjugated magnetic nanoparticles for remotely controlled drug release Yu Lina
266 Yu Lina Enhanced stability of high moment FeCo nanoparticles with SiO2 protection layer for bio-application Yu Lina
267 Zablotskii Vitalii Magnetically driven differentiation of mesenchymal stem cells Zablotskii Vitalii
268 Zabow Gary In vivo MRl single-cell tracking using microfabricated magnetic microparticles Zabow Gary
269 Zaloga Jan Lauric acid - protein coated hybrid SPIONS with enhanced biocompatibility for magnetic drug targeting Zaloga Jan
270 Zavisova Vlasta Cytotoxicity of several kinds of magnetic fluids Zavisova Vlasta
271 Zborowski Maciej Magnetic field visualization in applications to magnetic cell separation and drug targeting Zborowski Maciej
272 Zelepukin Ivan Synthesis of SiO2-coated magnetic nanolabels with controlled surface properties Zelepukin Ivan
273 Zhong Yi Electrospun magnetic nanofibre mats - a new bondable biomaterial using remotely activated magnetic heating Zhong Yi
274  Zlateski Vladimir Efficient magnetic recycling of covalently attached enzymes on carbon-coated metallic nanomagnets Zlateski Vladimir
275 Zubarev Andrey Hyperthermia effect of non-spherical magnetic nanoparticles under alternating magnetic field Abu-Bakr Ali
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Bioconjugation of multimodal nanoprobes for molecular imaging of
vulnerable atherosclerosis plaques

Laurent Adumeau®, Jeanny Laroche-Traineauh, Marie Josée Jacobin Valatb, Majid Nouhbani*, Giséle Clofent
Sanchez®, Etienne Duguet”, Stéphane Mornet”

“ICMCB-CNRS Univ. Bordeaux, 87 Ave du Dr A. Schweitzer, 33608 Pessac Cedex (France)
bRMSB»CNRS, UMR 5536, Univ. Bordeaux, 146 rue Léo Saignat, 33076 Bordeaux Cedex (France)
“ENSTBB-EA 4135, ESTBB, 146 rue Léo Saignat, 33076 Bordeaux Cedex (France)
adumeau@icmcb-bordeaux.cnrs.fr; mornet@icmcb-bordeaux.cnrs.fr

Atherosclerosis is an inflammatory disease associated with the formation of atheroma plaques liable to rupture.
As the risk of plaque rupture is more related to the plaque contents than to the plaque size, a consequence is that the
molecular imaging of these plaques has risen as a new imperative. Current studies tend towards the development of non-
invasive targeted methods particularly by Magnetic Resonance Imaging to assess the cellular components that underlie the
risk of rupture. Recently, human antibody fragments able to recognize molecules over-expressed during the course of
atherogenesis have been selected either in vitro on activated platelets or in vivo in animal models of atherosclerosis, using
phage display biotechnology and further processed as scFv (single chain Fragment variable) fragments in Pichia Pastoris’.

In this communication, we report on the development of multimodal probes called VUSPIO® for Versatile
UltraSmall SuperParamagnetic Iron Oxide (scheme thereafter)z'6 based on covalent dextran/iron oxide nanoparticles-
bearing heterobifunctional polyethylene oxide (PEO) spacers. Here, near-infrared fluorescent dyes as well as scFv have been
grafted through a site-specific conjugation approach via thiol-alkylation of maleimido groups present at the end of PEO
chains (Figure 1). In particular the number of scFv grafted per VUSPIO have been controlled by a set of biochemical
approaches.

First results of the use of these nanoparticles will be also presented in the frame of two non-invasive imaging
modalities: near-infrared fluorescence imaging and Magnetic Resonance Imaging (MRI) for molecular imaging of vulnerable

atherosclerosis plaques in ApoE-/- mice.

Figure 1 : Schematic representation of the multimodale nanoprobe VUSPIO
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Bonetto, G. Clofent-Sanchez. Am. J. Pathol. 2012. 180, 2576.
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Bioconjugate Chemistry, 2005. 16(5), 1181.

[4] A.-K. Bouzier-Sore, E. Ribot, V. Bouchaud, S. Miraux, E. Duguet, S. Mornet, G. Clofent-Sanchez, J.-M. Franconi, P. Voisin. NMR in
Biomedicine, 2010. 23(1), 88.
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Effective Particle Magnetic Moment of
Multi-Core Particles

F. Ahrentorp?, A. Astalan’, J. Blomgren®, C. Jonasson’, E. Wetterskog?, P. Svedlindh?, F. Ludwig®, J. Dieckhoff®
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LAcreo Swedish ICT AB, Arvid Hedvalls backe 4, SE-411 33 Goteborg, Sweden
2Department of Engineering Sciences, Division of Solid State Physics, Uppsala University, The Angstrom
Laboratory, BOX 534, SE-751 21 Uppsala, Sweden
®Institute of Electrical Measurement and Fundamental Electrical Engineering, TU Braunschweig, D-38106 Braunschweig,
Germany
“Department of Applied Physics, Eindhoven University of Technology, 5600 MB Eindhoven The Netherlands
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5nanoPET Pharma GmbH, D-10115 Berlin, Germany
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*Email: christer johansson@acreo se

Magnetic multi-core particles consist of several magnetic single-domains geometrically positioned in different
types of configurations Dependent on the size distribution and configuration of the single-domains inside the
particle and the hydrodynamic particle size distribution, different types of magnetic behavior can be obtained
The magnetization process of the magnetic multi-core ensemble will depend on both the individual magnetic
moments of the single-domains as well as on the total effective magnetic moment of the particle (that depends on
both the magnetic moment values and moment orientations of the individual single-domains)

In this study, we will investigate and present how the effective particle moment is coupled to the individual
moments of the single-domains by using different measurement techniques: Static Magnetization, AC
Susceptometry, Particle Rotation, DLS and TEM We will study two magnetic multi-core particle systems —
BNF Starch from Micromod with a mean particle diameter of 80 nm and FeraSpin R from nanoPET with a mean
particle diameter of 60 nm — and two single-core particle systems — SHP25 and SHP20 with mean particle core
diameters of 25 nm and 20 nm from Ocean NanoTech AC susceptometry analysis of the four particle systems
can be seen in the figure below
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Real part (left) and imaginary part (right) of the AC susceptibility versus frequency of the four different particle
systems. The susceptibilities are given as volume susceptibilities. The BNF Starch, FeraSpin R and SHP25
systems show Brownian relaxation peaks at frequencies between 460 Hz and 11 kHz while the SHP20 particle
shows a Néel relaxation peak above 10 MHz. The susceptibility values for SHP20 have been magnified by 10
times. The particle concentrations are: 24 mg/ml for BNF, 10 mg/ml for FeraSpin R, 5 mg/ml for SHP25 and 5
mg/ml for SHP20. From dilutions of the samples we found no evidence of particle-particle interactions in the
dynamic magnetic response.

The work in this study is from the EU FP7 NMP project NanoMag (www nanomag-project eu) started in
November 2013, a new and innovative project on Nanometrology of Magnetic Nanoparticles with a
consortium involving 18 research institutes, universities, companies and metrology institutes
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CONTINUOUS AND DELAYED PHOTOHEMOLYSIS SENSITIZED WITH
METHYLENE BLUE AND IRON OXIDE NANOPARTICLES (Fe304)

M-Ali AL-Akhras’, Khaled Aljarrah , Abba Alhaji Bala

! Bio-Medical physics Laboratory, Department of Physics, Jordan University of Science &
Technology (JUST), P.O. Box 3030, Irbid 22110, Jordan.

“To whom correspondence should be addressed: Email: alakmoh@just.edu.jo

Abstract

This research present the sensitization of methylene blue (MB), a photodynamic
therapy photosensitizer which showed phototoxicity for many tumor cells in vitro
incorporated with iron oxide nanoparticles (Fe,O3), which offer magnificent
interaction both inside and outside the surface of biomolecules to bring about a
radical change in cancer treatment and diagnosis, together with red blood cells
(RBC's). The study investigated the sensitization of continuous photohemolysis
(CPH) for MB with and without iron oxide, delayed photohemolysis (DPH) at
room temperature, DPH at different irradiation temperature (T;,) and at different
incubation temperature (T;,.) for the same irradiation time (T;;). Gompertz function
is apply as an appropriate model to fit the collected experimental data for CPH and
DPH with minimum errors. Fractional photohemolysis ratio (a) and fractional
photohemolysis rate (b) of this model and relative steepness of the curves for the
photohemolysis were measured for a series of sensitizer concentrations and DPH
irradiation times. The power dependence found to be greater than one for DPH and
less than one for CPH. Our results indicate the relative steepness for CPH and DPH
are almost independent on MB and MB with iron oxide concentrations and at
different Tj, and Ti,. In addition, the parameter b is independent of iron oxide
concentration while the parameter a decreases with increasing iron oxide
concentration. In conclusion, CPH and DFH process are much lower in the
presences of methylene blue.

Keywords: Iron Oxide Nanoparticle, Photohemolysis, Methylene Blue

Use of superhydrophobic magnetite particles to build reaction
capsules for lab-on-a-chip systems in microliter scale

H. Al-Kaidy'*, R. Ulber’, N. Tippkotter’

Chair of Bioprocess Engineering, University of Kaiserslautern, Gottlieb-Daimler-Strasse 49,
Germany, *Email: alkaidy@mv.uni-kl.de

Magnetic nanoparticles and microparticles are used for the production of
microreactors to subsequently be applied for lab-on-a-chip reactions. Lab-on-a-chip
reactors are widely used in the field of microfluidics and are used in (bio) chemical
analysis such as PCR and electrophoresis. In these conventional lab-on-a-chip
systems, solvents and samples are passed through defined microfluidic channels and
controlled by complex installations. The channels are for example realized by
injection molding and hot embossing.
A significant simplification of lab-on-a-chip platforms is offered by the approach to
move the liquid phase without these fittings on the surface of a reaction platform (lab-
in-a-drop). The microreactors can be simultaneously positioned on a hydrophobic
platform by means of electromagnetic field gradients [1]. This is possible as the outer
shells of the microreactors are made of a thin layer of superhydrophobic magnetic
particles. The superhydrophobic particles are synthesized by precipitation of Iron(Il)
and Iron(lll) ions followed by a functionalization with fluorinated silanes.
The microreactors inherit an aqueous reaction solution of 3 — 20 yL. Due to the
different surface tension of the particles and of the aqueous solution the hydrophobic
particles envelop the solution by self-assembly. The prototype of a reaction platform
for a random movement of the microreactors in two dimensions currently consists of
a 3x3 matrix of electric coils that accommodate neodymium magnets. By the coils,
the magnets can be moved perpendicular to the plane of the platform, so that the
microreactors can follow the respective field gradients. The microfluidic platform
could be used e.g. to detect the highly pathogenic avian influenza virus H5N1 in a
throat swab sample by using magnetic forces to manipulate a free droplet consists of
hydrophobic superparamagnetic particles In initial tests, the laccase A and R-
Glucosidase were used as a model system for the surface immobilization to perform
subsequent color reaction tests with the immobilized systems and microreactors. An
enzymatic fluorescence reaction is used as proof-of-principle to examine the
functionality and analytical reproduc bility of the platform.
[1] N. Tippkétter, H. Al-Kaidy, R. Ulber; Européisches Patent 13 003 400.2
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Heating ability of cobalt ferrite nanoparticles showing
dynamic and interaction effects

Irene Andreu.! Eva Natividad,! Costanza Ravagli, > Miguel Castro' and Giovanni Baldi®

Unstituto de Ciencia de Materiales de Aragon (ICMA), CSIC - Universidad de Zaragoza, Campus Rio Ebro, Maria
de Luna, 3, 50018 Zaragoza, Spain
2Centro Ricerche Colorobbia, Sovigliana Vinci, Italy

The heating ability of magnetic nanoparticles (MNPs) for magnetic hyperthermia is
commonly quantified by means of the specific absorption rate (SAR), also referred to as
specific loss power (SLP). This quantification is usually performed on colloids, even
though the SAR values so obtained are often not representative of the nanoparticle
performance after injection into the treatment site.

In this study, we present a combined thermal, magnetic and magnetothermal analysis
that has given insight into the heating abilities of cobalt ferrite nanoparticles with different
sizes and arrangements, dispersed either in liquid or solid media.

Higher SAR values were systematically obtamned for samples in liquid media.
However, the determination of SAR as a function of temperature has discarded an
explanation based on the occurrence of different relaxation mechanisms in solid and
liquid samples. On the one hand, heat capacity data together with zero-field-cooled and
field-cooled magnetization curves have allowed correlating heating ability with ferrofluid
dynamics originated by viscosity changes in samples dispersed in diethylene glycol. On
the other hand, the higher degree of agglomeration attained by cetyl phosphate-coated
MNPs after immobilization in paraffin wax seemed responsible for the decrease in SAR
values and the shift in blocking temperature.

In sum, MNPs spatial arrangements acquired after ferrofluid injection in magnetic
hyperthermia should be taken into account to predict SAR values during therapy.
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Qualitative heating ability of CoFeiO4 nanoparticles with different sizes and arrangements

Aliskiren-Loaded Magnetic Labelled PLA Nanospheres for Hypertension
Treatment

Antall, M. Kubovcikoval, V. Za\'isova‘, M. Konerackal, 0. Pethano"al, A. Barta’ and P. K('.vpf:nlskyl

Unstitute of Experimental Physics, Slovak Academy of Sciences, Watsonova 47, 040 01 Kosice, Slovakia
Mnstitute of Normal and Pathological Physiology. SAS, Bratislava, Slovakia, E-Mail: iryna antal@saske sk

In the early 21st century, hypertension (high blood pressure) 1s a global public health issue and
contributes to the burden of heart disease, stroke and kidney failure and premature death and disability
Aliskiren (ALIS) is a renin inhibitor used to treat hypertension by lowering blood pressure However,
the limiting factor in clinical praxis is the relatively low bioavailability of ALIS One of the various
possibilities how to decrease ALIS degradation, increase its bioavailability and consequently to
maximize the effect of ALIS on kidney function is nanoencapsulation of ALIS Polymer nanospheres
(PLANPs) created by Poly(D,L-lactide) (PLA) were used for drug encapsulation

In our study, we prepared and characterized ALIS-loaded magnetite labelled biodegradable
PLA nanospheres Magnetic polymer nanospheres (PLAMNPs) with various Fe;04/PLA (w/w) ratios
were prepared by modified nanoprecipitation method Size and morphology of prepared PLAMNPs
were studied by several techniques By scanning electron microscopy (SEM) approximately spherical
shape of nanospheres was confirmed (fig 1) Dynamic light scattering (DLS) was used to determine
hydrodynamic particle size distributions of magnetite as well as ALIS loaded PLANPs Moreover, the
zeta potential measurement was carmed out by the Laser Doppler Electrophoretic measurement
technique to follow the behaviour of surface-adsorbed magnetite and drug, respectively As can be
seen in fig2, the optimal magnetite loading at ratio Fe;0/PLA = 07 w/w was found (fig2)
Consequently. ALIS was encapsulated in PLAMNPS at theoretical loading 5 mg ALIS/100 mg
PLANPs Differential scanning calonmetry (DSC) suggested that ALIS was molecularly dispersed in
the polymer matrices Using infrared spectroscopy. ALIS was successfully identified in the magnetic
labelled polymer nanospheres
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Figure 1: SEM image of ALIS loaded
PLAMNPs

Figure 2: Zeta potential and Z-average of magnetite
loaded PLANPs as a function of Fe;04/PLA ratio

For the study of the ALIS encapsulated effect on systolic blood pressure male spontaneously
hypertensive rats aged 12 weeks were assigned to untreated group and groups treated with non-
encapsulated and encapsulated ALIS (25 mg/kg per day) for 3 weeks by gavage Encapsulated ALIS
decreased blood pressure of the studied male spontaneously hypertensive rats even more significantly
then common administered drug

Acknowledgments
This work was supported within the projects Nos 26220220005 and 26110230097 in frame of Structural Funds
of EU. VEGA 0041, 0045. Slovak R h and Development Agency — ts No APVV-0742-10

10th International Conference on the Scientific and Clinical Applications of Magnetic Carriers 48



Evaluation of in vivo imaging of magnetically labelled blood cells
K. Aurich™’, T. Berthold’, J. Heidel', J. Kiihn’, R. Schliiter®, A. Greinacher’, T. Bakchoul!
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Novel blood products require characterization of blood cell integrity and function. Cellular
labelling by magnetic nanoparticles may be a promising approach to study kinetics of
transfused blood cells in vivo. We labelled platelets and granulocytes with Resovist® iron
oxide nanoparticles, an authorised medicinal product. Here we report on the monitoring of
transfused nanoparticle labelled cells in vivo and ex vivo.

Cells were labelled with different Resovist® concentrations (5-20 mM). The intake of
nanoparticles into the intracellular compartments was analyzed using electron and
fluorescence microscopy and atomic absorption spectroscopy. The impact of magnetic
labelling on platelet and granulocyte function was tested by determining activation markers
using flow cytometry, platelet aggregation assay (aggregometry) and granulocyte
agglutination test. MRI based detection using a 7-Tesla Small animal MRI scanner were
employed to detect signals from in vifro phantoms of different cell suspensions as well as
from intravenously injected cells (NOD/SCID mouse model). In addition, the NOD/SCID
mouse model was used for survival studies of circulating labelled human cells administered
intravenously. Finally, labelled blood cells were re-isolated from mouse blood by magnetic
separation and recovery rate was determined by flow cytometry.

Labelling of platelets and granulocytes with 5 mM iron concentration of Resovist® resulted in
an iron content of 0.2 pg/platelet and 1.3 pg/granulocyte, respectively. Neither platelet nor
granulocyte function was affected significantly by magnetic labelling with Resovist®. After
1.v. application into NOD/SCID mice labelled cells were visible preferential in the liver in the
7-Tesla Small animal MRI, and labelled cells were detectable in mouse blood after five hrs. In
addition, we were able to re-isolate magnetically labelled human blood cells from mouse
blood enabling us to perform subsequent investigations in regards of the impact of circulation-
exposure on cells.

Magnetic nanoparticle labelling does not impair function and survival of blood cells
significantly, thus allows for assessing the impact of different methods for blood product
preparation in vivo.

~4-Dusfer 8- S MM Resovist ron —A— 30 m Resovist ron

Figure Resovist® nanoparticles in A) platelets and B) granulocytes (TEM). C) survival of human
platelets labelled with buffer, S mM. or 10 mM iron Resovist® in NOD/SCID mice

Bio-polymer Stabilized Fe3O4-graphene as an Amphiphilic Drug
Carrier for Thermo-chemotherapy of Cancer
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Graphene, a 2-dimensional material with promising characteristics is believed to be a
potential material for several bio applications. But, its ability to react to an external magnetic
field for hyperthermia applications i1s impaired. Thus, we report here a novel method to produce
a nanocomposite of Fe3Os-graphene, stabilized with bio polymers that proves to be an effective
dual drug carrier and also responsive to hyperthermia for effective cancer treatment.

The nanocomposite 1s stabilized due to covalent functionalization of the two polymers
(PVP and PVA) with Fe3Os-graphene (PIG). Hydrophilic (Doxorubicin) and hydrophobic
(Paclitaxel) drugs are used to examine the loading/releasing efficiency of the nanocomposite.
The morphology of PIG is observed by TEM and SEM. PIG i1s found to be superparamagnetic
with a magnetic moment of ~ 45 emu/g measured at a field of 1 T. The hyperthermia
temperature (~42 C) is achieved in 15 min with 2.5 mg/ml (PIG in PBS). The entrapment
efficiency of both Doxorubicin (DOX) and Paclitaxel (PTXL) 1s measured to be ~ 87£3 and
91+2 % of DOX and PTXL respectively. DOX and PTXL conjugated PIG exhibit a sustain
release profile at acidic pH 4.3 compared to physiological pH 7.4 and controlled drug release
under AC magnetic field 1s observed. The cellular toxicity assay suggests that PIG has good
cytocompatibilty up to a concentration of 2.5 mg/ml on 1.929 and HeLa cell lines. But higher
cytotoxicity effect is observed with DOX-PIG and PTXL-PIG with a concentration of 2.5
mg/ml (PIG in PBS) on HeLa cell line. Confocal microscopy confirms the cellular
internalization of DOX conjugated PIG (Fig. A). Furthermore, in vitro thermo-chemotherapy
studies suggest that both the heat and drug enhanced cancer cell destruction by inducing cell
apoptosis (Fig. B).

(A) Cellular uptake of DOX-PIG and (B) in vitro thermo-chemotherapy on HeLa cell line.
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Dartmouth Center for Cancer Nanotechnology Excellence: Magnetic Hyperthermia

|. Baker, lan.Baker@Dartmouth.edu
Thayer School of Engineering, Dartmouth College, Hanover, NH 03755

This presentation outlines the NIH-funded Dartmouth Center of Cancer
Nanotechnology Excellence (DCCNE), see http://engineering.dartmouth.edu/dccne/),
which focuses on the use of novel antibody-targeted magnetic particles (mNPs)
subjected to an alternating magnetic field (AMF) for the treatment of tumors. The
nanoparticles studied are either iron/iron oxide core/shell nanocomposite mNPs or
iron oxide mNPs both with various organic coatings. There are four projects within
the DCCNE, see Figure. The first focuses on producing novel antibodies,
determining their effect on tumor accumulation for a range of mNP sizes in mouse
models and comparing the results to untargeted mNPs. The second project focuses
on developing new imaging technologies to determine the binding, location, and
concentration of the mNPs based on combining optical ratiometric fluorescence
spectroscopy with magnetic spectroscopy of particle Brownian motion. The other
two projects are therapy-focused on breast cancer, ovarian tumors and melanoma in
mouse models. The breast cancer work involves direct injection of mNPs into a
tumor. The synergistic effects of chemotherapy and radiation therapy with magnetic
hyperthermia treatments have been examined. The ovarian cancer work involves
development of strategies to determine the therapeutic effectiveness of introducing
antibody-conjugated mNPs into the peritoneal cavity of ovarian cancer models. Both
the ovarian cancer work and the melanoma effort are focused on developing an
immune response. Preliminary work on various oral tumors in dogs will also be
outlined. The work has led not only to the development of treatment methodologies,
but also to new nanoparticles, new nanoparticle measuring devices and new types of
heating coils.
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Biogenic nanoparticles produced by bacteria Klebsiella Oxytoca: structural
investigations
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The development of techniques for the synthesis of nanoparticles of well-defined size,
shape and composition is a challenge and an important area of research. Current chemical
methods for the synthesis of nanoparticles are energy intensive, employ toxic chemicals, and
often yield particles in nonpolar organic solutions, thereby precluding biomedical application. A
promising new dimension in this field is the use of microorganisms for the production of
inorganic nanoscale particles, due to the clean, nontoxic, economic and environmentally friendly
ability of eukaryotic and prokaryotic microorganisms to form nanoparticles either intra- or extra-
cellularly.

Biogenic minerals are composite materials containing an organic matrix and nano or
micro-scale amorphous or crystalline materials. Also, they often show complex hierarchical
structure from nanometer to the macroscopic scale. The mechanisms of biomineral formation are
not fully understood and while they are of interest in their own right, they may also provide
models for new materials concept inspire design solutions and give new insights into the genetic
control of biological structure.

Results on structural properties determination of biogenic ferrihydrite nanoparticles,
produced by bacteria Klebsiella Oxytoca, obtained by means of scanning electron microscopy,
atomic force microscopy, small angle x-ray scattering, Mossbauer spectroscopy, magnetic
measurements, FTIR and Raman spectroscopy are presented.

It was also revealed that the magnetic nanoparticles do not affect the activity of
neutrophils, indicating, that the particles have not cytotoxity. The absence of toxic effects
provides the basis for studying the effectiveness of ferrihydrite nanoparticles in combination
with antibacterial drugs for their controlled delivery to the affected tissues.

40000x
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Magnetically modified straw for dyes removal

E. Baldikova, M. Safarikova, I. Safarik
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Czech Republic

Many scientific studies describe straw, a waste obtained after crop harvesting, as an
interesting and very cheap material with various potential applications. It can serve not only
as a relatively efficient adsorbent for wide range of xenobiotics, such as organic dyes, heavy
metals, radionuclides or endocrine-disrupting compounds (e.g. bisphenol A), but also as
a pseudoaffinity adsorbent for isolation of proteolytic enzymes.

This research is focused on utilization of barley straw as an efficient and cheap
adsorbent for organic water-soluble dyes representing different classes, namely Bismarck
brown Y (azodyes group), safranin O (safranin group), crystal violet (triphenylmethane
group) and methylene blue (quinone-imine group). The sorption properties were tested for
native nonmagnetic straw and for magnetic citric acid — NaOH modified straw (CA-NaOH-
MBS).

Magnetic modification of barley straw was carried out using microwave-synthesized
iron oxides microparticles, as described in detail by Safarik & Safarikova (2014), while the
preparation of CA-NaOH-MBS was performed according to Gong et al. (2008).

The dyes adsorption was described using the Langmuir isotherm. The maximum
adsorption capacities reached 82 — 132 mg of dye per g of native nonmagnetic straw and 455
— 526 mg of dye per g of magnetic chemically modified straw. It is apparent that a suitably
chosen method of straw modification can significantly (more than four times in this case)
increase the maximum adsorption capacities.
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Nondimensional Scaling of Magnetorheological Rotary Shear Mode
Devices Using the Mason Number
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Magnetorheological fluids (MRFs) exhibit rapidly adjustable viscosity in the presence of a magnetic
field, and are increasingly used in adaptive energy absorbers for high speed impacts, corresponding to
high fluid shear rates However, the MRF properties are typically measured at very low ( <1,000 s) shear
rates A high shear rate (>10,000 s') Searle cell magneto-rheometer along with a rotary-vane
magnetorheological energy absorber (MREA) are employed to analyze MRF property scaling across
shear rates using the nondimensional Mason number to generate a master curve of non-dimensional
apparent viscosity vs Mason number A 40 vol% carbonyl iron - hydrocarbon oil MRF was characterized
using the Searle cell magnetorheometer, and these experimental results are discussed, analyzed, and
compared with the results from a full-scale rotary vane MREA using apparent viscosity and Mason
number The Searle cell magneto-rheometer has a radius of 9-mm, height of 12-mm, and a shearing
surface area of 678-mm* In contrast, the rotary vane MREA has a radius of 49 5-mm, a height of 85 5-
mm, and a shearing surface area of 53,184-mm” Thus, the rotary vane MREA has 78 times the sheared
surface area of the magneto-rheometer By incorporating a Reynolds temperature correction factor, data
from both experiments are shown to collapse to a single master curve (Fig 1), supporting the use of
Mason number to connect low- and high-shear rate characterization data This non-dimensional analysis
shows that the typical low shear rate data can be scaled to a practical device having over 78 times the
active surface area, across a wide range of temperatures (9°C - 55°C) and operating speeds (up to
y=25,000s"), such that performance can be predicted from only knowledge of the MR fluid properties
Connecting laboratory experiments with practical applications using Mason number can expand the
design space of MREAs to high velocity impacts
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Figure 1 — Apparent viscosity vs. Mason number curve for a 40 vol% MRF for shear rate range of 1,250-25,000 s*. Data are
from two devices: (1) a small-scale Searle cell magneto-rheometer, and (2) a rotary vane MREA, which has 78 times the

sheared surface area of the magneto-rheometer.
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Poly(lactide) Nanoparticles loaded with Albumin Modified Magnetite
depolymerize Insulin Amyloid Fibrils
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Amyloid aggregation of proteins is associated with amyloid diseases, such as Alzheimer's
and Parkinson's diseases or type II diabetes [1]. The frequent injections of the insulin into
patients with diabetes may result in formation of amyloid deposits consisting of insulin fibrls.
Insulin amyloid aggregation causes also problems in the production and storage of this drug
and application of insulin pumps.

We have investigated interaction of insulin amyloid fibrils (IF) with nanoparticles formed
from poly(D. L-lactide) (Pla) loaded with magnetite component modified with different
amount of bovine serum albumin (Plaressa-NPs) (w/w BSA/Fe304 ratios 0.01. 0.05, 0.1 and
0.5). Hydrodynamic diameters of nanoparticles determined by dynamic light scattering were
from 92 nm to about 121 nm. Analysis of scanning electron microscopy images showed
almost spherical shape of studied nanoparticles. The composition of nanoparticles was chosen
due to their biocompatible and biodegradable properties.

The interference of studied nanoparticles with insulin amyloid fibnls examined by
Thioflavin T fluorescence assay leads to depolymerization of insulin fibrils in concentration-
dependent manner with DCsq values determined in uM range. The extent of depolymerization
was affected by different physico-chemical properties of nanoparticles. It must be noted that
nanoparticles formed by poly(D, L-lactide) alone and this nanoparticles modified with BSA
showed negligible potential to affect insulin fibnils.

The depolymenzing ability of Plaressa-NPs observed by ThT assay was confirmed by
transmission electron microscopy (Figure 1). In presence of Plaressa-NPs the amount of
mnsulin fibnils (Fig. 1A) was significantly reduced and their morphology was changed; the
fibrils were truncated to shorter and thinner structures (Fig. 1B). Obtained results suggest that
high depolymexizing activity of Plaressa-NPs i1s associated with presence of magnetite
component in studied nanopameles

Figure 1 TEM images of insulin amyloid fibrils (A) and after their incubation with Plaressa-NPs
(B). insert 1s TEM image of Plaressa-NPs alone (bar ~ 100 nm). Bars in TEM images
represent 500 nm_
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Preparation of nanotechnology as magnetically-resonant contrasting
means during visualization of malignant tumour
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The task was set in an experiment on animals to check possibility of the use of the before worked
out and studied methodology of intravenous insert of the standardized form water solution magnetite of
nanoparticles (preparation of ICNB) for contrasting of malignant tumour at MRI research. The main
purpose — to change the indexes of relaxation of T1 and T2 in area of malignant tumour during
realization MRI by means nanoparticles of ICNB. In investigation on animals (Vistar rats) was proof that
magnetite of nanoparticles (ICNB) are contrast means for malignant tumour visualization. Was been
shown that magnetite of nanoparticles have contrast effect when performing magnetic resonance imaging
(MRI) (Fig. 1. 2). Was established, that after intravenous inject preparation of nanotechnology (ICNB)
the magnetite of nanoparticles have selective accumulate in tumour and alter brightness of picture in 24-
hours (Fig. 2. 3). On 4-th day investigation was established significant decries of dynamic brightness of
the picture of tumour and muscles (Fig. 4). This fact is connected with elimination the ICNB out of rat’s
organism.

Fig 1 Initial MRI study the brightness of image the ~ Fig 2 MRI study the brightness of image rat

rat’s adenocarcinoma of mammary gland and tissue with the adenocarcinoma of mammary gland

of muscular (471 conventional sign — tumour; 243 and tissue of muscular on the first mmutes

conventional sign — tissue of nmscular) after intravenous insert of ICNB (800
conventional sign - tumour; 700 conventional
sign - tissue of muscular)
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Reduced of erythrocyte destruction by means of
magnetite nanoparticles (MCS-B)

Andrey Belousov
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Metabolic restoration, prolongation of normal function of cells both inside and outside the organism is the main
purpose of medical and biological trend in the 21% century Having solved this task the mankind will closely
approach the mystery of longevity, treatment of previously incurable diseases, make a significant advance in the
sphere of microbiology, transplantology, growing and storage of cells Will the nearest future allow to purposefully
managing metabolism of cells, treating earlier incurable diseases etc? What should tools and methods be to meet this
purpose? All these questions can be answer by the modern trend of science, i e nanotechnology

The main purpose of this work is decline of erythrocytes hemolysis by means of magnetite nanoparticles
(magnet-controlled sorbent MCS-B) Conventional erythrocytes of person's venous blood were objects of the
research The time of appearing the signs of erythrocytes hemolysis was registered by help of visual method In
result of investigation it was established:

1 For inhibiting of hemolysis the optimum frequency rate (1-2 times) of processing the blood by nanoparticles
(NPs) of MCS-B was determined

2 It was established that extracorporally processing the blood by MCS-B reliably reduces activity of Ca, Mg -
ATPHese of erythrocytes and increases level of cytosolic calcium (Tables 1, 2)

Adenosine- Control Frequency rate processing of MCS-B
i ntr
triphosphateses onteo Single Double Triple
Na, K — ATPHese,
protein mmol/mg in 634105 6 11+0 6* 589+0 7* 593+0 4*
mines
Ca, Mg — ATPHese,
protein mmol/mg 2364+06 21 17+0 7** 18 45+0 5*** 17 63£0 3***
in mines

Table 1 Results of research activity adenosinetriphosphateses before and after processing of erythrocytes by NPs
of MCS-B (M+m; n=20)
Note: * - p>0 05; ** - p<0 01; *** - p<0 001

Frequency rate processing by MCS-B
lon Control § _
x1078 Single Double Triple
x107 x10” x 107
ca’ , m/ml cell 1+0 1 49+01* 56+02* 65+01*

Table 2 Results research the level of ion Ca” in erythrocytes before and after processing by NPs of MCS-B
(M+m; n=20)

Note: * - p<0 001 in comparative with control

3 After processing of blood by means NPs of MCS-B the activity of Na, K - ATPHese of erythrocytes does not
change (p>0 05) (Table 1)

4 Manifestation of hemolysis has not linear dependence on rise level of cytosolic calcium and frequency rate
processing of blood by MCS-B

5 Likely that NPs of MCS-B are changing the state polarization of water molecules of micro-cellular space of
erythrocytes It isinfluences on activity of hemolysis, activity of ATPHeses, opening of ion channels that in whole
explains the decline of eryptosis mechanism

Stable Colloidal suspension of Fe-Ag Nanoparticles Encapsulated by
an Amorphous Si Shell Prepared by Inert-Gas-Condensation method

Maria Benelmekki*, Jerome Vernieres, Rosa E. Diaz, Jeong-Hwan Kim, Mukhles
Sowwan.

Okinawa Institute of Science and Technology Graduate University, 1919-1 Tancha,
Onna-son, Kunigami-gun, Okinawa, Japan 904-0495

maria.benelmekki@oist.jp

Stable colloidal magneto-plasmonic hybrid nanoparticles (HNPs) are promising for a
large number of dual magnetic-optical bioapplications. Vapor-phase techniques offer a
good alternative to chemical routes for the generation of tailored HNPs. However these
techniques still face obstacles in regard to harvesting and transferring the nanoparticles
(NPs) to a stable colloidal suspension. Herein, we prepare multifunctional HNPs
composed of multiple iron (Fe) - silver (Ag) magneto-plasmonic cores encapsulated by
silicon (Si) shells (FeAg@Si) using a co-sputtering gas aggregation technique. The
effects of the pressure and power on the sputtered materials (Fe, Si, Ag) are correlated
with the morphology and the magnetic behavior of the obtained HNPs. In contrast to
previously reported magneto-plasmonic NPs, the amorphous Si shell provides an
efficient tool to maintain both metallic components well bounded over time (> 6
months). FeAg@Si NPs exhibit ferromagnetic behavior at room temperature attributed
to anisotropy at the Fe-Ag interface. On the other hand, these HNPs show an enhanced,
red-shifted, light absorption band, due to the strong near-field coupling between the
plasmonic cores and the dielectric shell. Furthermore, a facile and environmentally
friendly method for harvesting FeAg@Si NPs has been developed using
polyvinylpyrrolidone (PVP) as a stabilizer. Harvested HNPs show stable and

homogeneous colloidal behavior when transferred to aqueous suspensions.

Keywords: Magneto-plasmonics, Core/shell materials, Sputter-Gas-Aggregation,

Nanoparticles, colloids
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Magnetic Actuator for the Control and Mixing of Magnetic Bead-Based
Reactions On-Chip

Miguel Berenguel-Alonso,' Xavier Granados,? Jordi Faraudo,? Julian Alonso-
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While magnetic bead (MB) based bioassays have been implemented in integrated
devices, their handling on-chip is, in most of the cases, either not optimal —i.e. only
trapping is achieved, with aggregation of the beads- or requires complex actuator
systems. Herein, we describe a simple and low-cost magnetic actuator to trap and
move MBs within a microfluidic chamber in order to enhance the mixing of a MB-
based reaction. Thus, MBs are used both as a solid support, bearing an immobilized
reagent, and as a stirring vehicle to achieve the mixing. The magnetic actuator
consists of a rotating CD-shaped plastic unit, placed immediately under the
microfluidic device, with a set of magnets circularly arranged and eccentric to the
rotation axis. When rotating, the magnets move the MBs back and forth, thus
generating the mixing with the reagents within the microfluidic device and increasing
the effective surface area of the surface-activated MBs. The magnetic actuator has
been used to enhance the amplification reaction of an enzyme-linked fluorescence
immunoassay to detect E. Coli O157:H7 whole cells, an enterohemorrhagic strain,
which have caused several outbreaks in food and water samples. A 2.7-fold sensitivity
enhancement was attained with a detection limit of 603 CFU/mL, when employing the
magnetic actuator. The MBs used in this study are commercially available, and can be
purchased with a great variety of antibody surface functionalizations, making the
magnetic actuator useful for a wide range of assays with off-the-shelf reagents.
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Schematic representation of the magnetic actuator and its working principle.

3D FORMATION OF CANCER STEM CELLS WITHIN MCF-7 DERIVED
MAMMOSPHERES and HYPERTHERMIA TREATMENT

Cancer stem cells (CSCs) are cells within a cancerous tumour which have the same
characteristics as normal stem cells such as the capacity to self-renew Hence they are
able to give hole tumour from a single cell as they are totipotent Even after
chemo/radiotheraphy treatment CSCs can give rise to hew tumours We set in-vitro 3D
assay to mimic tumours and their milieu and studied nanoparticle formulations

To this aim MCF-7 which is a breast cancer cell line is used to obtain CSCs These
CSCs were grown in different conditions ( different types of plates and medias) to
optimize formation of stable mammospheres; which is a clump of mammary gland cells
like fumours that forms under certain conditions Following this MCF-7 derived
mammospheres are being cultured in 3D hydrogel constructs to imitate the
extracellular matrix 3D hydrogels were prepared and casted in our lab

To effectively remove the cancerous tumour it is necessary to kill these CSCs and in
this study our next step will be applying hyperthermia on preminary results within 3D
hydrogel for promoting cancer stem cell death and see the effect of the heating and
the distance of magnetic nano particles on mammospheres and the cancer stem cells

This study would help develop a way to target and kill cancer stem cells to increase the
efficiency of tumour treatment

T am really into Cancer Stem Cells and I see the future in nanomagnetic particle
treatments for cancer However I am quite new in nanomagnetic particles This
conference will be a very good opportunity for me to follow up nanomagnegtic particle
world and their usage I can learn more about them and improve myself
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Effect of precipitation agent on morphology of Fe;O4nanoparticles in
hydrothermal process
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Abstract

Fe;04 nanoparticles have been synthesized by hydrothermal technique using urea and sodium
hydroxide as precipitation agents, FeCl, and FeCl; with a molar ratio 1:2 as precursor with assistance
of CTAB surfactant were used The effect of different concentration of precipitation agents on the
morphology and particle size was investigated The precipitated nanoparticles were characterized by
x-ray powder diffraction (XRD), Altemative gradient force magnetometry and transmission electron
microscopy XRD results indicated that magnetite can be detected as major phase Different
morphologies of nanoparticles were seen with changing the kind of precipitation agent and their
concentration The magnetic behavior of synthesized nanoparticles vanies with their morphology The
saturation magnetization was in range of 13-35emu/g

Keywords: Hydrothermal, Oxide iron, nanopigment. Magnetite
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Effect of precipitation agent type and its concentration on morphology of Fe;0; nanoparticles

Highly controllable microwave synthesis of biocompatible iron oxide nanoparticles with
tailored magnetic relaxation properties
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TheUSnmmedmmemdusﬂyto!alsatonﬂdSMZbﬂhonandthe‘ d for bi dical ized products is
expected to growa 17 1% in 2014 ! Due to the growing market needs, the introduction of a cost—eﬁicxent high-
yield and reproducible method for the synthesis of magneti particles would revolutionize the by improving

the properties of the generated materials Microwave reactors have the potential to offer this possibility thanks to
the introduction of new high performance bench-systems (e g MARS 6. CEM Corporation) that could generate
around 500 g of particles per week in a high controlled and reproducible manner

Techniques such as magneti e imaging (MRI). magnetic hyperthermia and magnetic particle imaging
(MPI) heavily rely on the magnetic relaxation properties of magne particles Undi ding the
mechanism of relaxation in working conditions is crucial for their ine use Nonethel small changes to the
synthetic conditions can lead to drastic variations on the frequency range of imaginary comp

(') of the compl ptibility leading to prodncts with unpredictable behavior or non-reproducible

properties, as seen in the case of magnetic hypeﬁhermm To this aim we have investigated the effect of the
synthetic conditions with a microwave reactor in the final magnetic relaxation properties by AC susceptibility
measurements on iron oxide nanoparticles Citric acid and dextran ligands were used in the system to exemplify
the drastic changes on the frequency of maximum susceptibility loss with the concentration of ligand in solution

The frequency of maximum »" was found to increase along with the concentration of ligand in solution The
results reveal that it is possible to match a targeted frequency of maximum y” for a specific application through
a carefully programmed microwave-based synthesis

Frequency (Hz)

Figure 1. AC susceptibility (Re: real part, Im: imaginary part)
B) dextran-iron oxide NP series.

of 4) citric acid-iron oxide NP series and

1 The Freedonia Group 2010
2 Kallumadil, M , etal , J. Magn. Magn. Mater. 2009, 321, 3650-3651
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Continuously Manufactured Magnetic Polymersomes —
A Further Step Towards Theranostics
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The overall aim of drug delivery devices is to maximize the therapeutic response while minimizing
adverse side effects Thus. the requirements for nanotransporters are very high and include (i)
protection and transport of the therapeutic agent, (ii) stability in blood stream, (iii) specific binding to
diseased cells and internalization as well as (iv) a controlled drug release Recently, systems for
combined diagnostic and therapeutic approaches, so called theranostics, have gained interest of many
researches because of their immense potential for therapeutic monitoring The additional imaging
capability of the nanocarriers will enable a non-invasive i vivo tracking of the nanotransporter and
help to evaluate the therapeutic effects

Polymersomes are the synthetic variant of liposomes They are characterized by an improved stability
and adjustable material properties compared to their lipid predecessors A critical step towards the
clinical use of nanomedical devices is the ability to scale up the manufacturing process; therefore a
microfluidic device was developed to continuously manufacture drug-loaded magnetic polymersomes

Hybrid polymersomes prepared from a FDA-approved Pluronic® polymer showed a relatively narrow
size distribution Drug-loaded polymersomes that carry the anticancer drug camptothecin in their
membrane reduced the cell viabilifty of prostate cancer cells (PC-3) significantly, while drug-free
polymersomes showed no cytotoxic effects Functionalized polymersomes with a covalently attached
cancer targeting peptide (bombesin) as well as a fluorescence label (Alexa Fluor® 647) showed a
specific cell binding and internalization and confirmed the successful approach towards active
targeting Relaxometry measurements clearly demonstrated the capacity of magnetic polymersomes to
generate significant T2-weighted MRI contrast The magnetic polymersomes were also shown to be
suitable tracers for magnetic particle imaging (MPI)

Magnetic polymersomes have great potential for both diagnostic and therapeutic applications
Diagnostically, tracking drug carriers inside the body, for example by MRI or MPI to ensure
therapeutic monitoring. would be a huge benefit in nanomedical development Therapeutically, hybrid
polymersomes filled with magnetic nanoparticles can also be valuable tools for hyperthermia
treatment, magnetic drug release triggering and magnetic targeting
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Thermal Properties of Magnetic Microspheres
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Magnetic hyperthermia 1s an efficient
method for cancer therapy since the
magnetic nanoparticles have the capability
to penetrate tumors or accumulate in close
proximity of the cancer tissue, either by
passive targeting (via the blood supply) or
active targeting (remote magnetic targeting
from outside the body). Treatment effects
can be potentiated if anti-cancer drugs are
combined with hyperthermia. Our am
therefore, is to design a system where
magnetic nanoparticles are co-encapsulated
with anti-cancer agents into polymeric
microspheres.

Figure 1: Droplet generation in microfluidic flow
focusing system

Our magnetic and drug-loaded microspheres
are prepared using microfluidic flow
focusing (Fig. 1). In this method, two
immiscible fluids are pushed together
through an orifice and form droplets at the
outlet (due to pressure differences). From
each droplet, a microsphere forms after
removing the polymer solvent. In our lab,
we use the techmque for the production of
monosized PLA microspheres sized between
2-35 pm with standard deviations of less
than 5%.

Figure 2: Scanning electron microscopic image of
magnetic microspheres

The microspheres can be radiolabeled with
PmTe ¥Re Ga or *¥Ga and used for
imaging or radiation therapy. With slight
modification in operational parameters, the
microfluidic system was used to produce
monosized magnetic microspheres (Fig. 2).
In this paper, we show the method
of production of monosized PLA
microspheres loaded with lipophilic
magnetic nanoparticles. The particles’
thermal properties will be discussed. We
plan to use them for magnetic targeting
followed by magnetic heating for
hyperthermia and thermal inducing drug

release system.
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Encapsulation of Hydrophilic and Lipophilic Magnetic Nanoparticles in
PLA Microspheres using a Microfluidics Chip
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Targeted delivery of the therapeutic agents
in the body is one of the main challenges in
medicine and drug formulation. Magnetic
particles as a tool for targeted drug delivery
were introduced more than three decades
ago and have received extensive attention to
this day [1-3]. One of the new approaches is
fabrication of magnetically targetable
microspheres (MMS) for sustained and
controlled drug delivery. In this system,
therapeutic agents and magnetic
nanoparticles can be co-encapsulated in
biodegradable polymeric microspheres. The
MMS is directed toward the designated
organ and accumulated there and drug can
be released over an extended period of time.

We have shown before that highly uniform
biodegradable microspheres can be made in
microfluidic flow focusing system. In this
method, two immiscible fluids are pushed
together through an orifice and form
droplets at the outlet (due to pressure
differences).

Figure 1: Schematic structure of the designed
micromixer for generation of water in oil emulsion

In the current work, we will show how
microfluidic systems can be used for
encapsulation of magnetic nanoparticles
with hydrophilic and lipophilic coating into
biodegradable poly(lactic acid)
microspheres using our microfluidic flow
focusing system and our recently designed
microfluidic mixer (Fig. 1). The optimum
conditions for encapsulation of each kind of
magnetic nanoparticles is shown and loading
efficiency and morphology of the MMS
produced are compared.
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Magnetic human serum albumin microspheres as a possible radionuclide
delivery platform in cancer therapy
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The promising applications of magnetic nanoparticles (MNP) in the future could be
focused on their use as drug delivery nanovectors and in magnetic hyperthermia. Magnetite
based MNPs are the commonly used in biomedicine due to their suitable magnetic properties,
low toxicity and chemical stability. Here we present synthesis and characterization of magnetic
microsphere (MM) intended for use as vectors in radionuclide therapy and as medium in
magnetic hyperthermia.

Prepared naked FesO, (A) and Fe;g0Gdo2004/citric acid (B) nanoparticles were
encapsulated in human serum albumin (HSA) using modified emulsification-heat stabilization
technique. Scanning electron microscopy (SEM) was used in order to determine the morphology,
size and size distribution of the magnetic microspheres. The internal structure of the MM was
analyzed by SEM/FIB dual-beam device (Nova TM 200 NanoLab, FEI Company). The
microspheres were relatively uniform in size, with average diameter of 10 um. The EDX analysis
confirmed that magnetic nanoparticles formed clusters inside microspheres.

All MM showed superparamagnetic behavior at room temperature with small values of
saturation magnetization. Test for their applicability in hyperthermia treatment were performed.
Low values of specific absorption rate (SAR) suggested the need for further optimization of
microspheres’ synthesis in order to improve their magnetic properties. TGA analysis indicated
that 8 wt% and 11 wt% of samples A and B, respectively, were encapsulated in HSA.

. In our earlier paper [1] synthesis of in vivo
stable *®Y-labeled citric acid-coated magnetite
nanoparticles encapsulated into HSA
microspheres was reported. Following the
intravenous administration of the **Y-MM in rats,
88.81% of the activity was localized in the lungs
after 1 h, with 82.67% remaining after 72 h.
Consequently, designed magnetic human serum
albumin microspheres are promising as vectors in
radionuclide therapy.
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Nowadays, nanotechnology offers a large field of applications in medicine and biology. in particular
regarding imaging In this study, we present the development of bimodal contrast agents based on functionalized
SPIONs (SuperParamagnetic Iron Oxide Nanoparticles) for dual imaging MRI (Magnetic Resonance
Imaging)/OI (Optical Imaging, here m the so-called imaging window from 650 to 1450 nm), MRUVPET
(Positron Emission Tomography) or MRI/SPECT (Single Photon Emission Computed Tomography)

Since several years, our group has developed continuous hydrothermal syntheses of SPIONSs, in
subcritical and supercritical water conditions More recently, the therefore designed apparatus has been
modified to allow the synthesis and the surface modification of SPIONSs in one step For example. citric acid
(CA) controls the crystallite size and the oxidation degree of metallic ions despite the very short reaction time
(4s); superparamagnetic magnetite particles, with an average size of four nanometers and a good monodispersity
were obtained [1] Other organic molecules are currently evaluated. such as L-DOPA and DHCA These organic
molecules have an anti-oxidizing effect but increase the crystallite size (from 8 to 15 nm) whereas CA decreases
the crystallite size of SPIONS (from 8 to 4 nm) [2]

In another approach the organic coating was covalently linked step-by-step onto SPIONs At first,
SPIONs are modified by the grafting of organic functions (NH,, COOH or SH) to allow the implementation of
more specific organic molecules, among
them: macrocyclic chelating agents for
nuclear imaging (DOTA or NOTA),
phthalocyanine denivatives for fluorescence
detection and photodynamic therapy Second,
a covalent coupling of functionalized PEG is
necessary to ensure the biocompatibility and
the stability of these nanoparticles Each
coated-SPION was thoroughly characterized:
UV-vis, XPS, TGA, ICP-OES, elemental
analysis, TEM, DLS, IR [3] The grafting of
zinc-phtalocyanine resulted in novel bimodal
contrast agents detectable by both MRI and
near infrared optical imaging [3] Otherwise
the grafting of NOTA and *Cu labeling
resulted in bimodal contrast agents detectable
by both MRI and PET

Several biological assays have been performed on these multimodal SPIONs such as:

- cytotoxicity studies (MTT, kinetics of RNA, methylene blue),

- genotoxicity studies (comet assay),

- internalization studies on different cell lines (TEM, optical microscopy),

- evaluation on a zebrafish model, which proves that these iron oxide suspensions have no
apparent perturbation on hatching, survival rate and malformations,

- and in vivo biodistribution evaluation thanks to MRL PET and SPECT The first results show a
reduced capture of PEGylated SPIONs by mice liver and suggest that our contrast agents freely
circulate longer in mice compared to a commercial product tested [4]

These SPIONs have also been associated to titanate nanotubes, leading to a new nanovector detectable
by MRI [5] This nanovector has already been evaluated for radiotherapy of glioblastoma [6] and DNA
transfection [7]
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Urchin-like Ni chains were prepared by hydrothermal method at low temperature for 2.5 mol/L of NaOH.
The as-prepared N1 nanoparticles. for different amount of NaOH. were characterized by X-ray diffraction.
Scanning Electron Microscopy coupled to EDX and Vibrating sample Magnetometry. The phase purity,
the lattice parameter and the grain size values were obtained from the fit of X-ray diffraction spectra with
the Reitveld method. The fit of XRD patterns confirm the presence of the face-centred cubic (fcc)
structure of Ni with a lattice parameter of 3.524 A. Moreover, the grains size increase with the amount of
NaOH. The SEM micrographs show that Ni chains were formed by an assembly of urchins having
approximately 4-5 pm of size. The hysteresis loops were typical of a ferromagnetic system The
saturation magnetization, Ms, values were close to that of the bulk Ni. The coercive field, Hc, values
depend on the morphology and are higher than the bulk Ni one.
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Figl. (a) Rietveld refinement of the XRD pattern, (b). SEM image showing urchin-like chain and (c)

Room temperature hysteresis loop.
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Magnetic nanoparticles can be efficient contrast agent for T2 weighted magnetic resonance magmng
(MRI).! MRI contrast agents based on colloidal iron oxide nanoparticles (IO-NPs) are akready available
but they have still a poor efficiency due to some polydispersity or aggregation problems. Indeed. the size,
surface state, colloidal stability and magnetzation play mportant roles m the resonance relaxation
properties. However, there s still great potential for mprovement of MRI contrast agent due to the
development of new synthetic pathways allowmg the tunmng of these key parameters.

We have mvestigated the effects of the surface coatmg on the efficiency of two different types of ron
based NPs for targeted applcations. Startmg from the syntheses of mwon oxide mnoparticles2 (IO-NPS)
and iron nanocubes® (I-NPs) of 13 nm size-diameter, we have used several methods to coat these NPs
usmg different surfactants bke modified polyethylene glycol (mPEG), azelic acd (AA),
dimercaptosuccmic acid (DMSA), or silica (S10,). The method of coatmng has been carefully chosen m
order to provide the transfer of these NPs mto water and to ensure their colloidal stability.

The smgle-core NPs were characterized by Diffusion Light Scattermg (DLS), Transnussion Electron
Microscopy (TEM) and Thermogravimetry analysis (TGA). We have obtamed stable and monodisperse
colloidal solutions for the two types of NPs with every surfactant. In our case, [-NPs coated with silica
shell gave us the highest 12 value for the I-NPs (628 s.mM"). This result can be explaned first by the
still higher magnetization of I-NPs compared to the IO-NPs, even if partial oxidation occurs during water
qansfer, and by the ability of water to enter the porous silica shell
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Influence of the surface coating on the R2 value of I-NPs
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Abstract

It was expenmented the protector effect agamst UVR

of X ds by establishing the solar

protector factor values The experiments were done on white mice of which awicles were treated with a magnetic
nanocompound ointment Thezmzlswmeq»sedwwm At the moment that the primary mimimal erythemal
signs occur the to diation has been finished and the amimals have retwrned to the normal conditions of
life The icles formed a I ‘with a SPF values average between 9 and 12, which can protect the skin

for 3 to 4 hours
© 2001 Elsevier Science All rights reserved

magnetic protection sun radiati
PACS Type your PACS codes here, separeted by senicolons;

1. Introduction

In these days is imperative to use sunscreens
in order to protect the skin against UV radiations
of the sun, which can induce morphological
alteration from small erythema and premature
photo aging to melanoma [1. 2] Pharmaceutical
and cosmetical industries manufacture sunscreen
agents with chemical, physical or biological
(natural) composition, which are included in
various types of products, with different values
of the SFP, but their safety and efficiency are
still in discussion [3, 4]

2. Materials and methods

The experiments for establishing the solar
protection factor (SPF) were done on white mice

of whose one auricle have been treated with a
magnetic oinfment, which presenf in
composition magnetic fluid with FeOs
stabilized with oleic acid and beeswax, in
lanolin The magnetic nanocompound was used
in concentration of 6G, which from our
previously experiments proved to be an efficient
protector against UV radiations Also, this
concentration is good as aesthetic aspect, too
The mice were clustered in two groups of six
animals One auricle of each mouse was treated
with magnetic oinfment based lanolin and the
other serving as confrol, to determine the
minimal erythemal dose (MED) One drop
(0,016 ml) of the magnetic ointment was applied
on both sides of auricle area (who summed up
about 2 cm’), which contained 0,111 mg
magnetite nanoparticles

* Corresponding suthor. Tel. +0040256277074; fax +0040256423782; e-mail diana_brezovan@yahoo.com.
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Multitasking Iron Oxide Magnetic Nanoclusters for Diagnosis and Medical Treatment

K. Brintakis" >, A. Kostopoulou®, M. Vasilakaki®, A. Ranella’, S. K. P. Velu®, L. Bordonali®, I.
Athanasakis®, M. Angelakeris?, A. Lascialfari®, A. P. Douvalis®, K. N. Trohidou®, A. Lappas*

*Institute of Electronic Structure and Laser, Foundation for Research and Technology-Hellas, Vassilika Vouton, 71110
Heraklion, GREECE, *Department of Physics, Aristotle University of Thessaloniki, 54124 Thessaloniki, GREECE,
3]AMPPNM, Department of Materials Science, NCSR “Demokritos”, Aghia Paraskevi, 15310
Athens, GREECE, “Dipartimento di Fisica, Universita degli studi di Milano and INSTM, Via Celoria 16, 1-20133 Milano,
ITALY, *Department of Biology, University of Crete, Vassilika Vouton, 71003 Heraklion, GREECE, ®Department of
Physics, University of loannina, 45110 loannina, GREECE, *E-Mail: kbrin@iesl forth gr

Today’s patient treatment may necessitate designing advanced material platforms that could be
utilized simultaneously for diagnosis and therapy Such a kind of “theranostic” agent should be
simple and cost-efficient to synthesize On the other hand detailed characterisation of its physical
and chemical properties, as well as its biocompatibility is essential

Working along this challenge, we have succeeded in developing a size-controllable and water-
dispersible assembly of maghemite nanocrystals (NCs) that exhibits good colloidal stability
without further surface functionalization These variable size Colloidal Nanoclusters (CNCs) (Fig
1a) have been characterized by SQUID magnetometry, Mdssbauer spectroscopy and Transmission
Electron Microscopy (Fig 1b) The experiments and Monte Carlo simulations point to the CNCs'
weak ferrimagnetic response Our analysis reveals a behaviour that is the outcome of intra-cluster
features that include dipolar interactions among the composing particles, as well as intra-particle
exchange interactions [1] The comprehensive knowledge of the microscopic mechanisms involved
warrants further exploitation of this system

In this respect, the potentiality of the CNCs is demonstrated by our relaxometric studies which
show that these nano-platforms have a clear advantage against superparamagnetic (SPM) contrast
agents, like Endorem®, as there is a significant enhancement of 4-times of their transverse 'H-NMR
relaxivity (r,; Fig 1c) [2] Additionally, the CNCs' thermal response (Specific Loss Power; Fig 1b
inset) in hyperthermia is compared against that of individual SPM NCs Our findings point how the
CNCs ferrimagnetic nature and the corresponding intra-cluster interactions provide good
ingredients for a high heating response Importantly, preliminary incubation experiments of the
nanoclusters with mice spleen cells point to their low cytotoxicity and biocompatibility (Fig 1d)
The tailored physical properties and the one-step synthesis render the CNCs a multifunctional

2l 2 o=

FIG 1 (a) Schematic of the CNCs formation (b)TEM image (c) r, and SLP (inset) values for CNCs (d)
TEM from incubation of CNCs with mice spleen cells
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Dextran-ferrite Magnetic Nanoparticles Contrast-enhanced MRI and
Combined Magneto-thermochemotherapy Cancer Treatment
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The early detection of proliferation, infiltration and metastases by MRI
monitoring (MRM) is an important problem of oncology. We synthesized and tested
dextran-ferrite sol (DFS) for contrast-enhanced MRI for the early detection of
proliferation, infiltration and metastases. Dacarbazine (DC), Melphalan (MP) and and
Docetaxsel (DT) containing Dextran-ferrite DFS was tested - for combined magneto-
thermochemotherapy (CMTC) with slime aspiration to improve cancer treatment.
Investigation of melanoma B 16 proliferation by BIOSPEC BC 70/30 (Bruker) was
showed: weak signals of protons from small sites of pathogenic cells are neutralized by
intensive signals from normal tissues. Ferrite nanoparticles can be used as MR-negative
contrast agents’. Contrast enhanced MRI proliferation is represented in Fig. 1.
Hypodermic and skin tumors were treated with the magnetically convenient drugs.
Increase of drug concentration in tumor tissues due to the magnetic field was achieved
by use of NdFeB bandages (induction 0.2-0.3 TI)°>. Quantification of magnetic
nanoparticles in mice bodies was carried out by electron-sensor monitoring device
based on non-linear magnetization of nanoparticles®. At first 60 female mice with
melanoma B16 underwent non-enhanced MR imaging with T,-weighted sequences.
Then 0.2 ml 2.5% DFS (hydrodynamic of particles diameter from 30 to 130 nm, dose to
5.0 mg Fe/kg) was injected in mice caudal vein, and after 2-24 hours second MRM and
DFS-enhanced T,-weighted GRE sequences were performed.
The DFS (70 mg/kg), DC 0.05 mg; MP 0.02 mg, DT 0.05 mg
were injected into multiple tumor sites and concentrated in the
tumor tissue with magnetic bandages. Treatment of tumor (~25
mm?®) by AC magnetic field at +48 C for 30 min led to its
regression up to 45% and increase of survival up to 275%. The
treatment of infiltration and metastases by caudal vein injection
Cyclophosphamide and MP led to increase of survival up

0160%. Fig 1 The prmary tumor,
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The surface-modified magnetite nanoparticles induce ERK1/2, SAPK/INK and p53
phosphorylation in A549 cells
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Magnetite is one of the most frequently used forms of iron oxide in nanoparticles Magnetite
nanoparticles (MNPs) are easily manufactured and are considered to be biocompatible and nontoxic as iron
metabolism is well controlled and excess iron is efficiently removed from the body MNPs are increasingly being
investigated for variety of biomedical applications, both diagnostic and therapeutic
The unique physical and chemical properties along with their superparamagnetism make MNPs excellent
contrast agents, prospective nanocarriers and heating mediators The nanoparticle uptake is dramatically affected
by the physicochemical properties of nanoparticles such as the particle size, shape, surface charge and surface
chemistry The nanoparticles are taken up by different routes of endocytosis (e g clathrin- and caveolin-
dependent endocytosis) The mechanism of nanoparticles uptake is important for development of nanomedicines
designated for specific cell type Because of the potential benefits of MNP use, human exposure to MNPs will
increase, primarily in the context of nanomedicine-based diagnostics and therapy so the bio-safety of MNPs is a
great concern

The goals of this study were as follows: i) the molecular and genetic characterization of the human
alveolar adenocarcinoma cell line A549 in respect of their proficiency/deficiency in clathrin- and caveolin-
dependent endocytosis using RT-PCR and Western Blot; ii) to investigate the impact of magnetite nanoparticles
(Fe30y4) on cell signaling pathways (Western Blot) and iii) to evaluate the effect of surface coating on MNPs
uptake and biological activity The spherical magnetic iron oxide nanoparticles with a 76 nm magnetite inner
core and different hydrophilic shells were characterized in depth using different physicochemical assays The
MNPs used in this study were coated with the following: i) sodium oleate (SO prevents aggregation and makes
MNPs stable; SO-MNPs,), ii) SO-polyethylene glycol (PEG reduces interactions with plasma proteins and thus
minimizes MNP internalization and clearance by macrophages; SO-PEG-MNPs), and iii) SO-PEG-poly[lactide-
co-glycolic acid] (PLGA prevents degradation and aids in the regulation of drug release from nanoparticles; SO-
PEG-PLGA-MNPs) Particle size distribution and zeta potential of surface modified MNPs in particular culture
media were determined by dynamic laser light scattering (DLS) (Polymer Institute SAS) The MNPs uptake was
observed by transmission electron microscopy (TEM) and the amount of internalized MNPs was quantified by
atomic absorption spectroscopy (AAS) The mitogen-activated protein kinase cascades (ERK1/2 and SAPK)
which are involved in the regulation of cell proliferation and differentiation, and reaction to cell stress,
respectively and the p53 tumor suppressor protein (native p53 protein and phosphorylation of p53 at Ser-15)
which plays a crucial role in the cellular responses to DNA damage were analyzed in this study

The A549 cells were proficient in both clathrin- and caveolin-dependent endocytosis The internalized
MNPs localized in vesicle-bound aggregates were exclusively found in the cytoplasm The amount of
internalized MNPs (pg Fe/cell) was relatively low and differed in dependence on surface modifications The SO-
MNPs and SO-PEG-MNPs were internalized less efficiently than SO-PEG-PLGA-MNPs (0 151 pg Fe/cell and
0118 pg Fe/cell, respectively vs. 0504 pg Fe/cell) A significant up-regulation of ERK1/2 and SAPK was
detected in cells treated with MNPs coated with organic moieties shortly after exposure Our results indicated
that the surface coating of magnetite nanoparticles can affect the basic cellular processes such as cell cycle,
proliferation and differentiation To better understand the potential nano:bio interactions at cellular and
molecular levels, further studies are necessary

ERK1/2 phosphorylation

The ERK1/2 activation in A549 cells treated with surface-modified MNPs for
different time intervals (30 min, 1 h, 2 h, 4 h, 6 h and 24 h). RI- (the relative

h I I | I | I I | I I I I I : \ = band intensity) is the ratio of induced to control level of band intensity).
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Multifunctional Ferrofluids (FF) show great potential for being simultaneously used in diagnos-

tics and therapy, a relatively new field also known as theranostics. As a typical example one can

combine Magnetic Resonance Imaging (MRI) for detecting cancer cells with therapeutic meth-

ods like drug targeting. For both applications the local particle and drug concentration at the tar-

get cells should be as high as possible to obtain significant MRI signal and high therapeutic ef-

fects. In our study two different strategies were applied to improve the local particle concentra-

tion:

1) Exploiting the high half life time of USPIO particles in the blood circulation (up to 10h),
enabling a long contact time of the particles towards the target cells

II)  Creating an antigen-antibody interaction to the target cells by modifying the USPIO
particle’s CMD surface with specific antibodies.

USPIO carboxymethylated dextran (CMD) magnetite particle FF were prepared in an one step
process by aqueous co-precipitation in the presence of excess CMD and further dialysis and fil-
tering processes. Additionally, a combined centrifugation-dialysis process was used for FF puri-
fication and enrichment of the particle concentration up to 10 mg Fe/ml. The as prepared ag-
gregation stable USPIO-FFs were coated first with streptavidin and after that with biotinylated
specific antibodies to establish an antigen-antibody-fixing.
N AR w. The hydrodynamic size, polydispersity index (Pl) and Zeta-
: : potential of the USPIO-CMD-FF were measured by dynamic
light scattering (DLS). The core size was determined by
transmission electron microscopy (TEM), from vibrating sam-
ple magnetometry (VSM) magnetization curves, and X-ray dif-
fraction (XRD). The amount of coupled and active streptavi-
dine was determined by quantitative analysis of fluorescein-
biotine coupling to the FF particles. MRI relaxation times were
determined at 1.5 T for different USPIO concentrations.
Superparamagnetic behavior was confirmed by negligible coercivity and a relative remanence
of 0.02. The hydrodynamic diameter from DLS was on the order of 20 to 30 nm. Core size was
determined to be 5 to 7 nm, see Figure. The particles are suitable as contrast agents for MRI
and show relaxation times similar to formerly commercially available products. The here pre-
sented multifunctional, in vivo applicable USPIO-CMD-FFs modified with antibodies are poten-
tial candidates for application in theranostics by combining MRI with drug targeting..

TEM image of USPIO-CMD particles
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Magnetic nanoparticles (MNP) are finding a rapidly increasing number and vanety of
biomedical applications due to their size-driven colloidal and magnetic properties at the nanoscale.
Thus, MNP act as a suitable platform for contrast agents for magnetic resonance imaging, drug-
delivery nanocarriers, and/or intracellular hyperthermia mediators. For the latter application, the
conversion of electromagnetic energy into heat occurring in iron oxide nanocrystals has been proven
to successfully remove tumors. In principle, heat dissipation mediated by MNP would originate from a
hysteretic non-reversible magnetic behaviour appearing under alternating magnetic fields (Hac) at
high frequencies (~ 100 kHz). The thermal fluctuations of particle magnetic moment across anisotropy
barrier or Brownian motion would lead to MNP magnetization reorientation and therefore to heating
losses. Such magnetic moment relaxation processes are tightly dependent on size across the
anisotropic energy barnier (AEy) which is tuned by effective magnetic anisotropy and particle volume
and (AEx =K V). The complete understanding of the magnetization cycles 1s hence subjected to probe
experimentally the onset of hysteretic processes (i.e., non-zero coercivity) under dynamical conditions.

Here, we report on magneto-optical measurements based on Faraday effect performed on a
set of iron oxide nanoparticles whose size range from 12 to 22 nm. The MNP were synthesized by
thermal decomposition of an iron precursor in organic media by a modified method previously
reported. This modified route yields highly uniform IONP in size and morphology, showing
superparamagnetic-like behaviour at room temperatures. The magneto-optical measurements were
performed on water dispersions of MNP over a range of Hjc frequencies varying a six orders of
magnitude in a wide (from 0.2Hz to 0.2MHz) and field amplitudes up to 50 mT. We observe the
opening of the magnetization cycles when increasing Hac frequency, amplitude and particle size
(Fig.1). In addition, the onset of hysteretic processes for smaller sizes 1s found at larger frequencies
(Fig.2). Our experimental technique allows to enter into the basis of the magnetic hyperthermia for
exploring the dynamical conditions favouring the largest heat power from MNP.
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Strategies in the design of colloidal low and high poraesity silica-based magnetic
nanoarchitectures
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Abstract

Magnetic nanoparticles (MNPs) have been recently intensively studied for biomedical
applications such as contrast enhancement agents in MRI, magnetic carriers for drug delivery
systems and heating mediators in hyperthermia. [1] Biomedical use of nanoparticles imposes their
uniform dispersion and stability in the biological fluids; moreover their size range should easily
permit cell internalization through pinocytosis or endocytosis. Recent advances in synthesis have
allowed to easily prepare a wide range of magnetic nanoparticles through aqueous or non-aqueous
approaches. It has been shown that the non-aqueous routes are more efficient in producing stable
colloidal nanoparticles with narrow size distribution. high crystallinity, tunable size and shape.
However, this approach typically produces hydrophobic nanoparticles limiting their applications in
biological and medical fields. Thus, their conversion into hydrophilic systems is a crucial step
toward their widespread use. Therefore. a suitable surface modification, via exchange ligand and
intercalation processes with organic molecules, or via inorganic coating/encapsulation, is needed.
Among the several coating materials, silica promises an unparalleled opportunity for enhancement
of colloidal properties and functions by using core-shell rational designs and profiting from its
synthetic versatility

Hydrophobic nanoparticles made up of an inorganic core bound at the surface to the polar
head of a long chamn molecule (capping agent) represents an ideal building block to create
composite systems with improved properties. This work shows how. starting from oleic acid-
oleylamine capped magnetic nanoparticles, it is possible to design different silica-based colloidal
nanoarchitectures. The capping agent bound at the surface of the nanoparticles and its affinity for
the reactants chosen for their coating, more than the nanoparticle composition itself, are the key in
order to orient the synthetic strategy versus the desired material. Following this general idea,
monodisperse core-shell nanostructures with a single core with different shapes and compositions
and a low-porous silica shell have been achieved. This has been possible thanks to the high affinity
of the capping agent for the inner core of the micelles inside which the coating process with TEOS
takes place. Magnetic multicore nanosystems with low and high surface area and an ordered
(hexagonal or cubic) porous silica structure can be also created due to the high tendency of oleic
acid or oleylamine to be intercalated with cationic surfactants and triblock copolymers. These
colloidal magnetic nanocarriers can be considered promising versatile multifunctional systems for
applications in theranostic as well as in bimodal (magnetic and optic) imaging applications.

R e 'n
hoed ("N
’.‘:t:o.:‘ ' -. ‘oo

Magnetic Hydrophobic Nanoparticles as a versatile platform for the development of low porosity core-shell (single and nmlticore)
and high and ordered porosity (hexagonal and cubic) silica-based nanoarchitectures
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AN INTEGRATED MAGNETIC PLANAR ACTUATOR REDEFINING
MULTILEVEL (3D) MICROFLUIDIC STRATEGIES
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Super-paramagnetic micro particles (SMPs) are broadly used in medical and biological applications (from
cellular to genomic scales), but the handling tools for those particles remain mostly non-integrated. Since a
decade, a few solutions for integrated ion have been proposed and paved the way to the micro-scale
control of SMPs. So far, spiral planar coils showed the best compromises between the available magnetic
force and the actuator footprint. Albeit the technology to integrate this type of coils with microfluidic
structures exists, it is hard to find ples of dual architectures using those two aspects for concrete
applications.

As a matter of fact, the fluidic structures of such an actuator should be

designed so as to take advantage of the high impact of the magnetic

force component developed on the orthogonal axis of a spiral planar

micro-coil, which is lmpoﬁlble given the lack of simple fabrication
hniques for 3D microdl

We therefore developed a SU-8 dry film lamination technique, which can
be used with dard micro technology pr 1t allows us to
combine a good resolution (the height and width of the coil turns are
Sum) and 3D structures, can be carried out on silicon, glass or flexible
substrates, and is compatible with other commercially available low cost
dry films for the microfluidic architecture. Our approach was then to
p]ace p]anar coils under two superposed channels, the top one

g a ple with magnetically targeted cells, and the bottom  Figurel: THP1 Monocytes (about 15pum
one a buffer to recover the magnetic beads an attached cells.

The devices were then tested with a setup including a current source (100mA injected in each coil, the coils
being wired in three series of three), a Fluigent pressure controller, and a bright field microscope. In a first
step (A), the magnetic particles (Sum diameter from Invitrogen) are vertically focused using the first six
coils. Once the beads have reached the separation level, they are attracted towards the bottom channel with
the last three actuators.

Using that system, we achieved to te a solution of SMPs with an 80% efficiency at a 2.5 pL/min flow
rate (4.6 mm/s). It is also possible to perform trapping (all the beads stay on the coils) at lower flow rate:
trapping is observed simultaneously with separation (with a 100% yield) at 1pL/min (1.8 mm/s). We
showed also that trapping of monocytes was possible on this coil design.

Currently we are working on the system characterization with a biological application. This type of sy
is particularly suited to integrated detection techniques, and a next lmporhnt step would be the conoeptlon
of a fully coupled magnetic actuation and electrical detection microfluidic chip.

a) b) 4— Carrent input (100mA)
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Figure 2: a) Scheme of the i d fhuidi SMPs are ﬁnmﬂutupd:mltoberdeased
in the bottom channel, due to the i ion of nine mi ils. b) Top view ph hy of the microfl

chip.

diameter) trapped on a planar microcoil.

Labelling of Dendritic Cells with Polyelectrolyte-coated Ferumoxytol
Nanoparticles for Tracking by Magnetic Resonance Imaging
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Engineered magnetic nanoparticles (MNPs) are emerging to be used as cell tracers,
drug delivery vehicles. and contrast agents for magnetic resonance imaging (MRI) for
enhanced theragnostic applications in biomedicine. In vitro labelling of target cell
populations with MNPs and their implantation in animal models and patients show promising
outcomes in monitoring successful cell engraftment, differentiation and migration using MRL

Dendritic cells (DCs) are professional antigen-presenting cells that initiate adaptive
immune responses. Thus, DCs have been the focus of cellular immunotherapy and are
increasingly applied in clinical trials.

Here. we investigated the impact of different polyelectrolyte (PE) coatings around
ferumoxytol particles for the labelling efficiency on different subpopulations of DCs.
Ferumoxytol particles were coated with low (MW: 100-200 kDa) and high (MW: 400-500
kDa) molecular weight poly(diallyldimethylammonium-chloride) (PDADMAC) and low
(MW: 25 kDa) and high (MW: 750 kDa) molecular weight poly(ethyleneimine) (PEI) using
the Layer-by-Layer technique. The PE-coated particles were then used to label DC
progenitors and differentiated DC subsets in vitro.

Particle size and zeta potentials measurements and thermogravimetric analysis (TGA)
confirmed PE coatings of MNPs. Up-take in and labelling of DCs were visualized by
transmission electron microscopy (TEM) and Prussian blue staining. Quantification of the
iron uptake into the cells was measured with ferrozine assay.

The results from our studies revealed that PE-coated ferumoxytol particles show an
outstanding potential for labelling of DC and DC progenitors (Figure 1).
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Figure 1. TEM image of labelled DC with the PDADMA C-coated ferumoyxtol particles.
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Synthesis of Magnetic Polystyrene Nanoparticles using Amphiphilic lonic
Liquid stabilized RAFT mediated Miniemulsion Polymerization
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In this study, we have synthesized polymer magnetic nanoparticles (PMN) by
miniemulsion polymerization (MEP). An imidazole based amphiphilic ionic liquid has been
used as surfactant in miniemulsion polymerization of styrene to synthesize the PMN. The
magnetic nanoparticles (MNP) used in this work were synthesized using well known co-
precipitation method in presence of oleic acid for hydrophobization of MNP surface.
Following the demand for producing magnetic colloidal nanoparticles with good stability as
well as with high content of magnetic nanoparticles (MNP), we have reported an efficient
pathway to increase the MNP content in the composite through RAFT mediated MEP. A
carboxyl-terminated chain transfer agent (CTA) has been found to be useful to increase the
MNP content in PMN. The content of MNP was possible to adjust by controlling the initiator
to CTA mole ratio. The influence of MNP on the molar mass distribution of polystyrene in
PMN both in absence and presence of CTA has been investigated. The characterization of the
materials has been performed using several well-known techniques such as TEM, SEC, DLS,
NMR and TGA. Finally the magnetic properties of the materials were determined by means of
a vibrating sample magnetometer (VSM).
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Homogeneous Styrene Anisotropic Janus like
morphology of PMN ferrofluid morphology of PMN
(D Styrene droplet O Polystyrene droplet @ Oleic acid coated MNP

Schematic representation of the influence of initiator to CTA mole ratio on the morphology of PMN

Magnetite-Silica-Titania Nanocomposites
and Their Photocatalytic Activities

P. Chanhom, N. Insin*
Department of Chemistry, Materials and Catalysis Research Unit, Faculty of Science,
Chulalongkorn University, Bangkok, 10330, Thailand
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Colloidal nanocomposites of magnetite-silica-titania (Figure 1a) were prepared in
order to obtain magnetic nanoparticles with high photocatalytic activities. Superparamagnetic
magnetite nanoparticles were coated with photocatalyst anatase titania, while silica was
employed as an interlayer in order to prevent the loss of photocatalytic activity of titania. The
large band gap of silica can prevent an increase in electron-hole recombination occurring
when titania is in direct contact with the narrow bad gap magnetite. Magnetite nanoparticles
were synthesized using thermal decomposition of iron-oleate complexes in presence of oleic
acid. Magnetite nanoparticles were then coated with porous silica using reverse
microemulsion process. The silica-coated magnetite nanoparticles were then deposited with
anatase titania using sol-gel process under low temperature to avoid the agglomeration of the
nanocomposites. The resulted magnetite-silica-titania nanostructures were characterized by
transmission electron microscope (as shown in Figure 1b), x-ray diffractometer, x-ray
fluorescent spectroscope, transforms infrared spectroscopy, dynamic light scattering analyzer
and surface area analyzer. The resulted magnetite-silica-titania nanoparticles showed high
photocatalytic activity in the photodegradation of methylene blue under UV irradiation, while
they were easily removable using an external magnetic field. The nanocomposites with high
colloidal stability, biocompatibility, and photocatalytic activity could be useful in biological
applications.
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Figure 1: (a) Structure of magnetite-silica-titania nanocomposites and (b) TEM images of the
nanocomposites.
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Nanoparticles of Conjugated Methotrexate-Cationic Human Serum Albumin-
Superparamagnetic Iron Oxide: Synthesis, Characterization and Drug Loading Behavior
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ABSTRACT

The primary insufficiency of chemotherapeutic drug is their potential side effects to the healthy tissues and their
relative non-specificity To overcome this limitation, drug delivery system is used Magnetic-based delivery systems
are based on binding drugs with magnetic fluids that concentrate the drug in the site of interest by using an external
magnetic field

In the current study, we aimed to develop a novel drug carrier, cationic human serum albumin (HAS) conjugated
superparamagnetic iron oxide nanoparticle (SPION), which can be loaded easily high doses of methotrexate (MTX)
as a model cancer chemotherapy drug to evaluate its potential as a magnetic drug carrier system SPIONs were
synthesized by co-precipitation and citric acid was selected to provide stability of SPION Carboxylic acid terminal
group provides a site for further surface modification Afterwards, the SPIONs were covalently modified by cationic
HAS using carbodiimide chemistry HSA was cationized by substituting anionic side chain carboxyl groups with
amine groups Because of negative charge of cell surface membrane, this surface provides sites of interaction for
cationic nanoparticles Finally MTX attached into cationic HAS conjugated SPIONs by entrapping negatively
charged drug onto positively charged nanoparticles through electrostatic interactions, to target MTX onto tumor
environment

The obtained nanoparticles were characterized by XRD, TEM, SEM, FTIR, Bradford assay, VSM, zeta potential and
HPLC analysis, proved stepwise modification of SPIONs with citric acid, cationic HAS and MTX

The present finding shows that cationic HAS conjugated SPIONSs could be loaded high amount of chemotherapeutic
agents (e g methotrexate) and encouraging carrier for magnetically targeted drug delivery
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Scheme for the functionalization procedure of superparamagnetic iron oxide nanoparticles described in this work.

Study of aggregation of magnetic microcarrier based on SiO, by
NMR relaxometry and conductometry
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One of the problems with the medical use of magnetic nanoparticles as MRI contrast agents
and targeted drug delivery is keeping the risk of thrombosis as a result of the aggregation of
magnetic nanoparticles in a strong magnetic field tomography [1]. Magnetite coated silica cores
obtained by sol-gel technique intensive aggregation under the influence of external magnetic field
is convenient to simulate after-analysis conditions in MRI diagnostics.

Fe304/SiO; colloid particles have high aggregative stability [2] which is broken at imposing
a uniform magnetic field of 0.33 T. As it was stated the effect is due to the formation of linear
aggregates which is clearly seen in the images obtained by AFM microscopy. According to NMR
relaxometry data formation of linear structures in colloids provokes an increase of the spin-spin
relaxation time of water protons which should lead to the artifact distortion in T,-weighted MRI
imaging in the area of aggregating magnetic nanoparticles. Change in electric conductivity of
Fe30,4/SiO; colloid influenced by static magnetic field is the second factor of possible settings
violations of MR imager receiving-transmitting system.

Resistance of solutions was measured using RLC- meter E7-20 (JSC "MNIPI"). Magnetic
field was produced by cylindrical coil and has been set on for a period of 180 s. Using magnetic
field of 500 A/m the Ohmic resistance of the colloid decreased by 2-4 % depending on the content
of initial tetraetoxisilane (TEOS) soles. Aggregates of magnetic nanoparticles formation in a
colloidal solution magnetic field also is affected by silica xerogels surface morphology so
specific surface area (SSA) on TEOS concentration dependence was analyzed. For thermal
desorption measurements SORBI analytical device (JSC “META") was used. A correlation
between NMR relaxivity r», relative resistivity change and SSA was stated in this work.

: S TR | RN
AFM images of Fe;04/SiO, layers dried with magnetic field 50 mT (a)
and without magnetic field (b)
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In vitro Cytotoxicity of Biocompatible Fe-Cr-Nb-B Magnetic
Nanoparticles against Human Osteosarcoma Cancer Cells under High
Frequency Electromagnetic Field
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In the last years, more and more studies are dealing with the magnetic hyperthermia as a
possible cure for cancer treatment In a simplistic approximation, the cancer cells will be destroyed by
the heat generated by the magnetic particles (eddy currents) under a high frequency electromagnetic
field, while the normal ones should remain intact However, one of the most important parameters to
be monitored during the magnetic hyperthermia is the local temperature generated by the eddy
currents Ideally, this temperature should be in the interval of 41-46°C, the process being also called
moderate hyperthermia by some authors In this temperature range, the intra- or extra-cellular
degradation mechanisms will be activated / initiated and the cancerous tissue will be destroyed by
either necrosis or apoptosis

Many of the present studies are using superparamagnetic iron oxide nanoparticles (SPIONs)
for magnetic hyperthermia However, the heating of Fe-oxides (mainly Fe;O,) up to moderate
temperatures (below 50°C), but most importantly the preserving in the temperature range of 40-45°C
requires a very rigorous control of the power of the high frequency generator To overcome such
disadvantages, we have developed a new type of ferromagnetic nanoparticles (the saturation
magnetization is higher compared with Fe-oxides and the hysteresis losses are reduced as well) based
on glassy Fe-Cr-Nb-B alloys [1], with low Curie temperatures compared with SPIONs, which can be
t%ilored easily and precisely in the 30-50°C by modifying the Cr content, with an accuracy of less than
1C

The purpose of the present study was to evaluate in vitro the cytotoxicity of
Fegs 2Cr11.5Nbg 3B2o alloy nanoparticles, coated or not by a biocompatible layer and marked as samples
A to E (A - nanoparticles of 60-80 nm coated by chitosan 3 5%; B - nanoparticles of 60-80 nm coated
by chitosan 10%; C — nanoparticles of 20-30 nm coated by chitosan 5%; D — nude nanoparticles of 60-
80 nm; E — nude nanoparticles of 20-30 nm) The effect of Fe-Cr-Nb-B magnetic nanoparticles on
tumor cells (human osteosarcoma cancer cells) was investigated prior and following particle activation
by an ac electromagnetic field of 350 mT (f = 153 kHz) created by a home-made magnetic-induction
hyperthermia unit Cell behavior was evaluated by phase contrast microscopy and MTT viability
assay Cell viability by MTT assay is a colorimetric method that uses a tetrazolium salt (MTT) which
is transformed by mitochondrial dehydrogenases in purple formazan granules that can be subsequently
dissolved by DMSO; this method was used to evaluate the cell survival following incubation with the
proposed samples Microscopic evaluation confirmed that samples C and D and partially the sample B
showed cytotoxic activity on human osteosarcoma cells following induced hyperthermia induced by
magnetic field activation Microscopic evaluation was confirmed by MTT assay results for samples C,
D and E while for sample B the microscopic observation was not sustained Sample A was
demonstrated to be toxic even without magnetic activation Our results are encouraging to further
explore the effect of magnetic activated nude/coated nanoparticles on normal/tumor cell lines, using
higher cell amounts or three dimensional cell cultures

This work was supported by a CNDI-UEFISCDI grant, Project #148/2012
(HYPERTHERMIA).
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Uniaxial vs. Cubic Magnetocrystalline Anisotropy on the Dosage-
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Success of magnetic hyperthermia cancer treatment relies on a good control of the heat
dissipated by magnetic nanoparticles under the application of an external AC magnetic field The
heating performance of the particles is strongly dependent on their magnetic anisotropy, which plays a
double key-role: it is the heating-mechanism source (determines the maximum achievable dissipation
power); and establishes a first threshold in the range of field amplitudes (Hmax) required to achieve
relevant heating through the ratio Hya/Ha [1, 2]

In principle, cubic anisotropy would be more suitable for hyperthermia applications based on its
higher heating efficiency for limited Hyn.x values [3] However, it is usually assumed in the literature that
the anisotropy of magnetic nanoparticles can be described as an effective anisotropy of uniaxial type [2]
Such strong assumption, favored by the small size of the particles usually considered for hyperthermia
with a large contribution of surface/shape effects of uniaxial type [4], is borne out by the good
agreement between simulation and experiment [5]

Nevertheless, most hyperthermia-agent magnetic nanoparticles are iron-based, with cubic
magnetocrystalline anisotropy, and there is a growing tendency to use larger particle sizes —for which
the magnetocrystalline anisotropy becomes more important- due to their superior heating performance
[5, 6] At the same time, it is well known in the literature the important role that interparticle dipolar
interactions play in the hyperthermia output [1, 6, 7], and interaction effects will also be more relevant
for larger sizes Therefore, it points out the importance of understanding the role of uniaxial vs. cubic
magnetocrystalline anisotropy in the concentration-dependent hyperthermia performance of nanoparticle
systems

We used a Monte Carlo technique to investigate the heating properties of the particles as a
function of field amplitude, concentration (c), and type of anisotropy At low concentration, particles
with cubic anisotropy perform larger hysteresis losses at lower Hyax values than those with uniaxial
anisotropy This result confirms the better adequacy of cubic anisotropy for hyperthermia purposes, due
to its lower coercivity in comparison with the uniaxial ones However, those differences tend to
disappear for higher interaction conditions where the curves converge to a common trend This
similarity between the cubic and uniaxial cases for high
interaction conditions may explain the good success of the usual ria) o Rty
uniaxial-anisotropy assumption made in the literature (in real 01 i &=0.007
experiments some interaction is always present and often even !
leads to aggregation) It is important to keep in mind that such
approximation does not hold for low concentrations, where the
beneficial aspects of the cubic anisotropy could provide
advantages for magnetic hyperthermia We believe these finding
provide further understanding of the basic hyperthermia
mechanisms and thus may help to the design of better
hyperthermia protocols
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Optimized treatment planning of tumors under consideration of magnetic
nanoparticle distribution using microCT
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A promising minimal invasive method for the effective treatment of tumors is magnetic fluid
hyperthermia (MFH). But due to the inhomogeneous distribution of the magnetic
nanoparticles (MNP) within the tumor, regions with temperature underdosing may arise. This
temperature gradient leads to a reduction in the therapeutic efficiency.

In this study, we used microCT imaging to characterize the intratumoral MNP distribution to
further improve the therapeutic success by individual therapeutic planning.

Mice were subcutaneously implanted with human breast adenocarcinoma (2 x 10° MDA-MB-
231 cells). MNP distribution was checked via microCT after intratumoral injection (iron oxide,
DMSA coated, core diameter 11.7 nm; dose 0.24 mg/100mm3 tumor volume).

Within an interval of seven days, the mice were exposed twice to an alternating magnetic
field (AMF; H = 19 mT, f = 435 kHz, for 60 min).The tumor surface temperature was
monitored using an infrared thermography camera.

The intratumoral MNP distribution pattern was clearly shown via microCT images.
The exact location of the MNP in the tumor and its position to non-tumor structures could be
determined. By an individually adapted MFH therapy (e.g. magnetic field parameters
according to the position of the nanoparticle deposits), the tumor volume could be distinctly
reduced over time. The observed tumor regression correlated well with the MNP distribution
and the generated hyperthermic temperatures (= 43°C).

In conclusion, by knowing the MNP distribution pattern and identification of regions with MNP
underdosing an individual planning of MFH treatment could be performed. The intratumoral
MNP distribution pattern mainly governed the generated temperature spots within the tumor.

before 6d after 28d after
treatment treatment treatment

Figure 1 Location and distribution of MNP over the time
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Magnetic nanocomposites are of great interest both to physical and biomedical technologies.[" 2
Hydrogels can be a suitable solution for providing he nanoparticles with the required hydrophilicity and
biocompaﬁbility,m By means of gelation techniques it is possible to syn hesize composites with
nanoparticles entrapped and confined in a well defined volume. Moreover, nanoparticles would ideally
be separated one from each other by the polymer network barriers. In he case of magnetic
nanoparticles this aspect is particularly interesting: during he embedding process the formation of the
polymer network will prevent an increase of the nanoparticles aggrega ion state by keeping the inter-
particle distances, so hat the intensity of the magnetic interactions does not increase. To our
knowledge, only a few works describe he structure of nanosized alginate beads obtained from
ionotropic method. In addition, very lit le is known about what happen to such porous structure when
lowering the bead size, especially concerning its ability to entrap nanoparticles.

We have obtained alginate magnetic nanospheres by combining an aerosol technique with the
ionotropic gelation method 1 A very good dispersion of the nanoparticles in the polymeric matrix has
been obtained, leading to the forma ion of highly stable water-dispersed magnetic nanobeads. Our
syn hetic approach, which stands out for its simplicity, leads to a significant reduction of the bead
sizes, much lower han hat of other nanocomposites based on alginate gels obtained by more complex
techniques. The capability of the alginate porous structure to entrap nanosized objects can be easily
exploited to entrap any other magnetic and non-magnetic nanopar icles, as well as to other nano-sized
objects, as a first step for he design of new smart materials for biotechnological and biomedical
applications. The nanobeads have been characterized in environmental-like conditions by means of
advanced electron microscopy techniques as Environmental SEM (ESEM), High Angle Annular Dark
Field-Scanning Transmission Electron Microscopy (HAADF-STEM) and cryoTEM. The proposed
syn hetic method and the combination of the different electron microscopy techniques can be extended
to design and characterize a variety of nanosized soft-materials.

[1] R. A. Hule, D. J. Pochan, . Polymer for Biomedical. MRS Bull. 2007, 32, 354.

[2] T. Hanemann, D. V. Szab6, Materials, 2010, 3, 3468.

[3] P. Burey, B. R. Bhandari, T. Howes, M. J. Gidley, Crit. Rev. Food Sci. 2008,48, 361.

[4] L. De Matteis, R. Fernandez-Pacheco, C. Marquina, M. R. Ibarra and J. M. de la Fuente,
Part.Part.Syst.Char. 2013, 30, 1018.
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Treatment Using Target Delivery Chloroaluminum Phthalocyanine
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During cancer treatment, therapeutic compounds often need to be delivered into
individual tumour cells to exert anticancer effects. Targeted delivery of drug molecules using
nanodevices can improve biodistribution and increasing efficacy and reducing side effects. In
addition, the Photodynamic therapy (PDT) is a light-based procedure with a long history of
successful clinical track for treatment of oncological and non-oncological diseases. The
visible light energy activated the photosensitizer (PS) molecule, which in the presence of
oxygen leads to the production of reactive oxygen species inducing a toxic biological reaction
by a called photodynamic process. The photodynamic pathways generate a cascade of events
including initiation of apoptotic and necrotic process both in tumour and in the
neovasculature, leading to a permanent lesion and destruction of the tumour. Magnetic
nanoparticles (MN) have richan extensive research interest with respect to hyperthermia
(HPT) process induced by magnetic field acting on magnetic nanocarriers. The MN targeting
has been widely used in a wide spectrum of in vitro and in vivo application worldwide,
including cell separation, gene transfection, and cancer treatment. Combination of in vivo
magnetic targeting could be used as a valuable approach for controlled delivery of therapeutic
agents. PDT and HPT are well-established tumour therapy with minimal side effects while
acting synergistically. Current nanotechnology incorporates controlled release of PDT-PS and
biocompatible MN based on the development of advance drug delivery systems (DDS).

In this study we developed an innovative magnetic-nanoemulsion (MNE) citrate
functionalized loaded with PS chloroaluminum phthalocyanine. The MN was incorporated
into nanoemulsion using a highly stable ionic magnetic fluid in a spontaneous emulsification
method as described by Primo et al 2008. Our findings demonstrate excellent physical and
chemical stability of MNE with a size less than 200 nm, exhibiting a narrow size distribution
(PI index less than 0.2) and the zeta potential higher around [40] mV. The in vitro studies
using the human mesenchymal stem cells derived from bone marrow, glioblastoma and
fibroblast cell line indicate biocompatibility of MNE establishing a safe DDS with drugs
concentration for the specific cells types. Confocal studies clear indicate the intracellular
localization and active site of the drug combination. As a result, combined HPT and PDT
showed a more pronounced synergistic effect than the additional of the individual therapies.
This combination has therefore become a promising paradigm for cancer intervention.
Traditionally, the combined therapy relies on two separate treatments, which have to be
carefully arranged in order to achieve synchronized effects. Such observations can be useful
for developing further protocols to advance in vivo assays available for clinical oncology.

Micro CT-based Deter mination of Ferrofluid | ron Concentration

C. Debbeler” and K. Liidtke-Buzug
Institute of Medical Engineering Universitét zu Libeck Ratzeburger Allee 160 23562 Liibeck Germany
*E-Mail: debbeler@imt.uni-luebeck.de

Magnetic nanoparticles are used in a wide range of applications. This includes various fields in particular in medi-
cal applications as hyperthermia and diagnostic imaging. For the latter an imaging technique named Magnetic Particle
Imaging (MPI) has emerged in 2005. Actually MPI has accelerated the development of tailored magnetic nanoparticles
as tracers. The administration of an appropriate ferrofluid to the human body makes a thorough characterization of the
nanoparticle suspension regarding parameters as core diameter hydrodynamic diameter or iron concentration neces-
sary. Methods to do so are for example transmission electron microscopy X-ray diffraction M&sshauer spectroscopy
magnetic particle spectroscopy (MPS) photon cross-correlation spectroscopy (PCCS) or atomic absorption spectrosco-
py (AAS). A pragmatic and promising approach for the determination of the SPION iron concentration is micro com-
puted tomography (xCT).

The micro-CT based iron-content determination is carried out using a Skyscan 1172 high-resolution micro-CT and
the software NRecon (both Bruker microCT Belgium). The latter is based on the Feldkamp Davis and Kress cone-
beam algorithm. A phantom meeting the requirements of a quantitative X-ray measurement has been designed. The
evauation has been done using the mean grey value images in an isotropic voxel gridding of 9.5 ym edge length. Ap-
propriate technical measurement parameters had been found in a preceding study [1] (tube voltage: 37 kV X-ray beam
filtration: 05 mm aluminium filter). In the study presented here measurements were performed with aqueous SPION
suspensions with increasing iron concentration. To calibrate and/or eliminate effects of temperature dependence and
going along with this density and viscosity variations of the suspension these parameters have been considered as well.
All uCT results are compared with the results of photometry as reference.

The mean grey values of the ¢ CT voxels show a linear dependence on the iron concentration of the sample. As ex-
pected the sample temperature which has been varied in the interval of 0 °C to 40 °C does not show any influence on
the measured mean grey values.

The results of the study presented here indicate that the determination of the iron concentration in ferrofluids using
uCT is possible. Thus this approach is a promising alternative to time-consuming methods as photometry AAS or in-
vasive techniques as histological staining. The influence of the temperature of the liquid matrix on the results of the
1 CT measurements has been thoroughly investigated. However further studies on this topic need to be carried out us-
ing aternative methods for ferrofluid characterization as MPS or PCCS.

Correlation of iron concentration of the SPIONs in
liquid solution with the mean grey values of the vo-
xelsin the corresponding x CT measurements.

References: [1] C. Debbeler J. Miiller and K. Ludtke-Buzug: Micro CT-based validation of iron concentration for
MPI tracers in: International Workshop on Magnetic Particle Imaging (IWMPI) 2013 IEEE Xplore DOI:
10.1109/IWMPI.2013.6528337
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Magnetic nanoparticles of lanthanum manganese perovskite La;,Sr;MnO; could find
applications as a contrast agent for magnetic resonance imaging or colloidal mediator for
magnetic fluid hyperthermia. These nanoparticles have several times higher relaxivity and higher
heating efficiency than the commercial product based on iron oxide. In addition, heating the
particles can be managed very well by appropriate setting Curie temperature which reduces the
risk of overheating and damage of surrounding healthy tissue.

Nanoparticles of manganese perovskite were prepared by sol - gel method [1]. Raw
nanoparticles show high toxicity which is why they are usually covered by silica shell. This
coating provides good protection against toxic effect of cores while separating it entirely from the
biological system and stability of the suspension as well. Encapsulation was performed using
modified Stober sol - gel method [2]. Yield of encapsulated nanoparticles with suitable size is
pretty small. A way how to eliminate this disadvantage is to find much more suitable mechanical
treatment of raw magnetic cores. Magnetic cores after annealing are connected with bridges which
have to be removed. Approprate results were achieved by combination of rolling and milling
rather than by milling only. For this purpose rolling broke down bridges successfully.
Furthermore. the best way of milling was searched.
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Transmission electron micrographs of magnetic cores after (a) annealing, (b) mechanical
treatment, (c) encapsulation by silica shell.
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Determination of Magnetic Property Distributions through
First Order Reversal Curves (FORC)

C.L. Dennis, S. Lund, and R.D. Shull
National Institute of Standards and Technology, Gaithersburg, MD 20899, USA

In an ideal magnetic nanoparticle system, all magnetic nanoparticles are identical in both their
physical and magnetic properties. In reality, no matter what method is chosen for the synthesis, there
are distributions in physical (size, composition, crystallinity, etc.) and magnetic (moment, coercivity,
anisotropy, etc.) properties. Herein. we will introduce the method of First Order Reversal Curves
(FORC) as an analysis technique for identifying distnibutions in the coercivity, interactions, and
anisotropy of magnetic systems. Assumptions underlying the intrinsic theory will be discussed, and how
they are interpreted in the context of actual data. An example system of Fe—(NipsZngs)Fe,O4
nanoparticles will be used to highlight the information that can be obtained from FORC and its impact
on application development. In particular, we found an (expected) difference in the interaction field
distribution due to changes in the amount of iron nanoclusters present in the sample. as evidenced by a
broad transition to saturation for the higher iron content sample, and a much sharper transition for the
lower iron content sample. FORC measurements quantified these differences as an average interaction
field of (0.9£0.3) mT and (2 3+0.2) mT for the higher and lower iron content samples, respectively.
More importantly, the width of the Hy distribution is (64+1) mT and (41 2£0.6) mT for the higher and
lower iron content samples. respectively. In addition, the formation of another, secondary, interaction
field occurs with sample annealing, and is much larger in both average interaction field - ranging
between (46+3) mT and (-104 £ 3) mT - and the width of the interaction field - two-three times that of
the primary interaction field width. This increase in the interaction field with increasing iron content
and appearance of a secondary interaction field with annealing 1s expected to have an impact on the high
frequency behavior, perhaps by requiring larger fields to reverse the magnetization.
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The application of functionalized magnetic nanoparticles (MNPs) as a test system in homogenous
bioassays enables a quick and quantitative detection of proteins, e.g., biomarkers in medical diagnosis
and therapy, directly in solution. Here, no wash-out steps to remove unbound markers are necessary.
The required magnetic manipulation of the MNPs is realized with a rotating magnetic field (RMF). The
RMF offers the possibility to perform a narrow-band measurement of the MNP response compared to
switched magnetic fields and to gain a higher measurement effect compared to altemating magnetic
fields [1.2].
In this work, we report on the effect of the absolute single-core MNP concentration on the quantitative
detection of proteins with MNPs in a RMF. Therefore, the phase lag change 4¢ of commercial 30 nm
iron oxide nanoparticles (Ocean Nanotech,
Springdale, AR, USA) caused by bound
proteins is measured with a fluxgate-based
RMF system. As a model system the
detection of anti-human IgG via protein G
which is covalently linked to the MNP
polymer shell is investigated. The measured
phase lag changes for a fixed MNP and a
varying IgG concentration are modeled
with logistic functions (Fig. 1). The effect
of the MNP concentration change 1is
" " = explained with the law of mass action and
L 1" L used to determine the parameters of the
cllgG)/ M binding reaction. Further binding scenarios,
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One pot synthesis of magnetic chitosan loaded with tryptophan
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The biocompatibility and toxicity of magnetic nanosystems (MNS) are essential criteria for
biomedical applications In this way, chitosan (CS), a natural polysaccharide with free amine groups. is a
useful coating, mainly for pharmaceutical licati

vy

. since it p low toxicity and improved

mucoadhesive features Moreover, the physical-chemical behavior of CS allows incorporation of

in drug delivery Here, the

nanomagnets act as probes to magnetically drive the MNS to a specific region and/or, through their
2 h 1 properties, can control a drug rel with an external magnetic field

In this way, one proposes in this work the elaboration of a (50-100 nm) MNS that is composed

by magnetite nanoparticles dispersed in CS and loaded with tryptophan synthesized by h

precipitation with urea, in one only step The characterization of the materials was performed utilizing

pharmaceuticals in its structure and opens the possibility for applicati

&

XRD, TEM, FTIR, TGA, magnetization and DLS (zeta p ial) Tryptophan was utilized
to evaluate the ability of synthesized MNS acting as a rier for ¢ lled drug rel The degree
of incorporation of tryptophan and its liberation profile were investigated by UV-VIS dosage of aqueous

solutions containing the MNS at different pH and temperature conditions
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=

10th International Conference on the Scientific and Clinical Applications of Magnetic Carriers 70



FexOy Nanopowders prepared by CO: Laser Vaporization —
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Iron oxide (FexOy) nanoparticles are typically synthesized by wet chemical reactions using addi-
tives to control size, shape, and properties. Here, CO: laser vaporization (LAVA) with subsequent
gas phase condensation at normal pressure was used for the preparation of FexOy nanopowders.
Samples were prepared from a coarse hematite (a-Fe>O3) powder. A high power CO; laser beam
was focused into the powder. Absorbing the laser radiation the powder heated up and vaporized.
Quenched in the flowing process gas clusters were formed by homogeneous nucleation. Super-
saturation led to the condensation of melt droplets. The O» content of the condensation atmos-
phere was varied applying different combinations of argon, air, and oxygen as the process gas.
Basic investigations [Kurland, H.D., et al., JIMMM 2007, 311(1), 73-77] revealed a close connec-
tion between the oxygen content of the condensation atmosphere in the LAVA process and the
phase composition of the Fe Oy nanopowders. In our present work [Stétzel, C., et al., Cryst.
Growth Des. 2013, 13(11), 4868-4876] this impact of the O: partial pressure on the LAVA pre-
pared nanopowders and thus on their physical properties is studied systematically.

Prepared samples were characterized using X-ray diffraction combined with Rietveld refinement
and transmission electron microscopy (TEM). The contents of Fe?* ions was determined by quan-
titative cerimetric redox titration. Vibrating sample magnetometry was used to determine the mag-
netic properties of the FexOy nanopowders. Furthermore, the presence of ozone (Os) in the zone
of condensation was checked using an ultraviolet absorption ozone analyzer.

In O, depleted condensation atmospheres ma-
ghemite (y-Fe203) forms the dominant crystal phase.
Increasing the O partial pressure leads to an in-
creasing formation of e-Fe2Os. This also results in a
change of the magnetic properties of the FexOy na-
nopowders since e-Fe;O3 has a small saturation
magnetization in combination with a high coercivity.

a) typical chain-like agglomerate and b) high resolution The O: partial pressure and thus the O3 content in
micrograph of a y-Fe203 NP. the condensation atmosphere of the LAVA process
strongly impacts structural and accordingly magnetic characteristics of the prepared FexOy NPs.
Hence, their saturation magnetization and coercive field can be adjusted within certain limits by
controlling the O partial pressure during the gas phase condensation of the NPs. Based on the
results and on density functional theory (DFT) calculations a model which describes the formation
of the initial nucleation stages of iron and oxygen in the vapor phase is proposed.
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A common route to transfer pharmaceutical substances to their destination is the administration
of nanoparticles (serving as drug carriers) loaded with suitable drugs to the peripheral blood.
When exposing these nanomaterials, e.g. superparamagnetic iron oxide nanoparticles (SPIONs),
to the peripheral blood a protein corona consisting of various components is formed immediately.
The composition of the corona as well as their amount bound to the particle surface is dependent
on different factors, e.g. particle size and surface charge. The actual composition of the formed
protein corona might be of major importance for cellular uptake of magnetic nanoparticles. The
aim of these initial experiments is to analyze the importance of temperature on the formation of
the protein corona during in vitro serum incubation.

SPIONs were prepared following the alkaline precipitation route and coated with different shells
(amino-dextran, dextran, and carboxymethyl-dextran). The obtained core/shell nanoparticles
were incubated in fetal calf serum (FCS) at 50°C, 37°C, and 15°C. 50°C and 37°C were realized
by magnetic heating (hyperthermia) of the SPIONs within the serum. 37°C and 15°C were
achieved by adding the SPIONs to FCS with the desired temperature. The SPIONs were incu-
bated for 15 minutes and then cooled down to room temperature. Before and after incubation the
zeta potential and the magnetic concentration of the incubated particles were determined. One
part of the nanoparticle solution was applied to a TBS polyacrylamide gradient gel (4-12%) under
denaturing conditions and protein bands were visualized by Coomassie blue staining.

Zeta potential of carboxymethyl-dextran coated The table shows the zeta potential as a function of incu-
SPION before and after FCS incubation. bation temperature for CM-Dextran coated samples. It is

sample heating zeta (mV) clearly demonstrated that incubation temperature has an
1o incubation N 195 explicit influence on the composition of the corona. The
15 °C bath +0.1 electrophoretic analysis of the components of the protein
37°C bath -35.4 corona shows that the predominant protein is serum albu-
37°C magnetic 349 T o ; )
50 °C magnetic 12,7 min with its derivatives. SPIONs which were treated with

hyperthermia contain more protein than nanoparticles ex-
posed to external heating. In these first investigations we found very promising results regarding
the influence of temperature as well as the type of heating on corona formation. Due to the pos-
sibility of heating by magnetic losses (additionally to the external heating) magnetic nanoparticles
are very interesting model particles for ongoing investigations.
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Innovative approach for quantum dots antibody labeling based on
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This work is aimed at preparation of specific conjugate of 1gG antibody molecule and
quantum dots (QDs) which serves as highly sensitive label in ELISA based immunosensor for
routine screening of clinically important substances such as tumor markers. The crucial
advantage of our approach is based on the use of antigen-modified magnetic particles
enabling easy handling and controllable antibody multilabeling.

Our protocol is comprised of several basic but essential steps (see the scheme) that needed to
be optimized. Firstly the problem of difficult separation of whole created conjugate from free
fraction of antibodies and QDs in solution had to be solved. For this purpose we used
magnetic particles which represent unique anchor for easy fixing, separation and successive
elution of antibodies labelled by QDs. We carried out biofunctionalisation of magnetic
particles by antigen creating biospecific pair with target antibody which is subsequently
labelled by QDs. During our optimization procedure we have already tested one or two-step
protocol of conjugation of antibodies with QDs including well-known carbodiimide technique
in or without presence of sulfo-NHS. Thanks to the use of antigen-modified magnetic
particles the binding sites of labelled antibody are prevent and maintain accessible after
effective elution. Additionally antigen-modified particles can be used and thus saves
expensive reagents and time.
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1. Biofunctionalisation of magnetic particle with antigen. 0 magnetic particle
2. Preventive blocking step and creating of immunocomplex. @ oiigen

3. Conjugation of antibody with QDs. "' antibady

4, Effective elution of target conjugate and antigen-modified magnetic particle for repeated using. @ quentum dot
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A Novel Code for Simulation of Magnetic Carrier Laden Fluids
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Biomedical applications of Magnetic Nano-particles (MNPs) in-vivo, such as MRI contrast en-
hancement, hyperthermia, and magnetic drug targeting (MDT) at tumor sites, show great promise
in animal and clinical trials but their optimization and broader use demands more trials. Com-
puter simulation is a critical design tool, reducing the reliance on costly trials. Simulation of in-vivo
MDT presents serious obstacles, mainly the difficulty of predicting the complex interactions among
MNPs, applied magnetic fields, and the heterogeneous environment of blood, vessels and tissue

The MONTCLAIR code was developed to examine multi-phase flows of magnetic fluids under ap-
plied magnetic fields and includes Maxwell stresses, nonlinear magnetic material (Langevin model)
and multi-color capability to simulate multiple fluid or fluid-like objects (e.g., red blood cells).
But the code is limited to 2D and is not parallel. Our new VOF multi-phase fluid code, MAG-
PARIs is fully parallel and models three-dimensional flows; the new code is designed ab initio to
avoid cumbersome structure that can impede the extension of multi-phase codes for complex multi-
physics applications. MAGPARIS is also built on a 3D fixed mesh and parallelism is handled by
message passing interface (OpenMPI) using ghost layers; the code shows good scalability on several
architectures. The incompressible Navier-Stokes system in MAGPARIS is differenced using a finite-
volume formulation and the solution is computed using a projection method on a staggered MAC
grid. Convection terms are integrated explicitly using a QUICK or 2nd order centered scheme,
while viscous terms may be solved explicitly or implicitly and VOF advection is based on the
momentum-conserving scheme of Weymouth and Yue. Solution of the elliptic pressure equation
in a manner that enforces divergence-free solutions may be done by SOR or GMRES multi-grid
solver via the HYPRE library; the elliptic Maxwell equation for the magnetic potential is similarly
solved. These algorithms give a fast, efficient, robust and highly scalable and flexible multi-phase
code; output adopts VIK and is conveniently visualized with VISIT or PARAVIEW.

We present here initial results on the accuracy, efficiency and scalability of MAGPARIS for the
simulation of flows relevant to MDT. In particular, we examine a concentrated region of MNP laden
fluid translating near a blood vessel wall, and present the convergence and scaling of the code as the
size and resolution of the blood vessel and MNP fluid region are independently varied. The basic
framework of MAGPARIS is based on well-establlished and easily extended algorithms, facilitating
the inclusion of rheology models, as for blood or for MNP regions. Our x-ray rheometry of magnetic
fluids has produced a model for field dependent viscosity in cases where thread-like agglomerations
of MNPs occur; the form of this model is a simple drag proportional to p(us - ug) — (1 — p)(us - £)2
(where t is the unit field direction and p is the relative drag for transverse vs longitudinal flow,
approximately equal to 2). Finally, we project the near term capabilities of the code in terms of

efficiency and variety of MDT scenarios that are capable of being modeled.
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Advection test: oblate region of magnetic fluid near vessel wall at bottom and propagating down-
stream (left to right); shown are 16% (left, 5 CPU sec), 32% (center, 24 CPU sec) and 64° (right,
159 CPU sec) grid resolutions; vessel is 1 x 1 unit cross-section; only part of the domain is shown.
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Iron Oxide Nanoparticles as Multi-functional Probes for Tracking
Human Foetal Neural Stem Cells
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Stem cells with self-renewal and the capacity to differentiate into multiple cell types are attractive
candidates in a rapidly evolving area of stem cell therapy in regenerative medicine. However due to
the lack of consistent and unbiased data about the differentiation and the fate of stem cells in vitro
and in vivo, interpretation of therapeutic effects remains challenging in this field." Suitable imaging
techniques that can monitor the function, survival, migration, and host tissue integration of
transplanted stem cells would greatly enhance their clinical application. Stem cells prelabelled with
iron oxide nanoparticles as negative contrast agents have been investigated using non-invasive
magnetic resonance imaging (MRI).L3 This technique allows long-term monitoring of migration,
integration and stem cell fate following transplantation into living animals.

This study investigates the full biological impact of itroducing our customized
superparamagnetic iron oxide nanoparticles (SPIONs) into primary human foetal neural stem cells
(hNSCs) in vitro. SPIONs with a core diameter of 10-15 nm maghemite iron oxide core were
sterically stabilised by 95% methoxy-poly(ethylene glycol) (MPEG) and either 5% NH; end-
functionalised, or 5% Rhodamine B end-functionalised, polyacrylamide. Our results showed that
SPIONs were observed throughout the cytoplasm, but dynamically relocating toward the nucleus
within 24 hrs treatment (see Figure 1-A). Upon loading, cellular viability, total iron capacity,
differentiation and average distance of migration were measured to determine optimal loading
conditions. We demonstrate that prelabelling of hNPCs with our in-house customised SPIONs has no
significant detrimental effect on cell biology and that SPIONs, when utilised at an optimised dosage,
are an effective means of noninvasively tracking prelabelled hNPCs (Figure 1-B).

Y 10 min

— DL —

Figure 1: Confocal images of hNSCs incubated with 10 ug/ml. Rhodamine labelled SPIONs (A): SPIONs were
observed relocating inside stem cells from the cytoplasm to the nucleus within 24 hr treatment, scale bar 5 ym In vifro
MRI of hNPCs neurospheres (B): hNPCs were incubated with 10 pg/mI. SPIONs for 24 hr, TE=3 5 ms, 20 mm
thickness slice over the full field of view. scale bar 500 um

[¢)) Fink. D W Science 2009, 324, 1662

(¢3) Reekmans. K ; Praet, J ; Daans, J ; Reumers, V ; Pauwels, P ; Van der Linden, A ; Berneman  Z N ; Ponsaerts,
P Stem Cell Reviews and Reports 2012, 8, 262
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Magnetic behaviour of DDM128 in agarose gel, gelatine and sugar matrix

D. Eberbeck

Physikalisch-Technische Bund It, Abb 2-12, Berlin, Germany.,
dietmar eberbeck@ptb de

The quantification of magnetic nanoparticles (MNP) within the different organs of the body is
important for a proper adjustment of medical applications like e g hyperthermia, and for clinical
registration studies Magnetic Particle Imaging (MPI) is a very promising technology for the
quantitative imaging of MNP The MPI signal of a reference MNP-sample yields the base for the
quantification However, which state of the MNP is correct? Here, the influence of the immobilisation
of the MNP and the type of the matrix on the MPI signal, here approximated by Magnetic Particle
Spectroscopy (MPS) which can be regarded as an one voxel MPI-system, was investigated

In order to check the influence of local dipole-dipole-interaction (DDI) highly diluted
(c(Fe)=0 7 mmol/L) different size fractions of DDM128 (precursor of Resovist®, the present gold
standard in MPI) were embedded in a sugar matrix. agarose gel and gelatine The samples were
measured by MPS, M(H). and Magnetorelaxometry (MRX) From M(H) and MRX the (bimodal)
distributions of magnetic sizes and anisotropy energies were extracted Surprisingly. it was found that
the magnetic size distributions of the single
—o0—Dispersion ‘ fractions of larger MNP are still bimodal

—&— Sugar matrix

E W —&— Agarose As already reported by eg Weaver et al.
?é‘ 0.01 —w—Gelatine immobilisation leads to an attenuation of the
c e~ " MPS amplitudes, here 43 drops down to about
L1E3 60%, 50%, 48% due to freeze drying,
< 164 ] immobilisation in agarose, gelatine,
respectively, for the different fractions of

1ES larger MNP Despite these relatively weak

variation in 43, the whole spectra differ much
~100 - A o0 stronger (Figure) These strong differences
were observed only for the fraction of largest
MNP (mean magnetic diameter of about
= 25nm) and also occur in M(H) (initial
-400 4 susceptibility drops by 60%) as well as MRX
s . ; : : data Hence, this effect might be attributed to
0 10 20 30 40 50 DDI caused by a locally limited MNP

Harmonic number k aggregation The aggregate structures in
gelatine and agarose (perhaps also in sugar

MPS data (amplitude and phase) of the fraction of 2 = =
largest DDM128-MNP embedded in indicated matrices, ~ A%) obviously differ deduced from

o/ deg

different patterns of changes in MPS (Figure),
M(H) and MRX signals

In conclusion, sensitive magnetic measurement techniques, in particular the combination of them,
allows for the detection and quantitative analysis of alterations in magnetic super structures of
embedded MNP which may significantly change specific signal amplitudes of these MNP. e g in MPI
and MRI. and magnetic parameters like SAR (specific absorption rate). the key parameter in magnetic
hyperthermia
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High-frequency magnetic field induced cell death in endocrine

tumors cells targeted by magnetic nanoparticles.
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Julian Carrey‘!, Véronique (31'goux1 and Daniel I-'om'myI

1 Université de Toulouse 3, EA 4552, Toulouse, France
? Laboratoire de Physique et Chimie des Nano-Objets, INSA/CNRS/UPS, Toulouse

Nanotherapy using hyperthermia by targeting magnetic nanoparticles (MNPs) grafted with
peptidic ligands 1s a promising therapeutic strategy. However, nanoconjugation of peptides
can dramatically affect their properties with respect to receptor recognition
parameters, mechanism of internalization, intracellular trafficking and fate. These issues are
essential for setting-up anti-cancer therapies. Here, we designed a MNP composed of 1) an
iron oxide nanocrystal 11) a ligand of a G-protein coupled receptor, the cholecystokinin-2
receptor (CCK2R) that is over-expressed in several malignant cancers ii1) a fluorophore.
Accumulation of MINPs inside the lysosome is specific and increases with the ligand density
at the MNP surface. Magnetic measurements show that 2.24+0.2 pg of iron are accumulated
inside the cells. For magnetic hyperthermia experiments, a magnetic field of 275 kHz and 40
mT was applied during two hours on four compartments Cell-view dishes containing MNP
loaded cells and adequate controls. The temperature was maintained at 37 C with Heat-Gun
during experiments. Given the small heating power of the nanoparticles (13 W/g), the low
amount of internalized nanoparticles, and the 2D geometry, the presence of nanoparticle did
not increase the temperature of the cells. In spite of this, application of the alternating
magnetic field caused the death of cells containing MNPs (17.1 = 1.6 % of cell death).

These promising results call further investigations aiming at better understanding precise
mechanisms by which MNPs initiate lysosomal membrane permeabilization and induce cell
death.

Reference - C. Sanchez ef al., ACS Nano 8, 1350 (2014)
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CpG ODN Coated Magnetic Nanoparticles have Augmented Activity via Toll-Like
Receptor 9 (TLR9) and Potential Vaccine Applications
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The ultimate aim of vaccination is to induce antigen-specific immunological memory against a pathogen in order to
prevent the associated disease in the future. However, many modern day vaccines consist of recombinant protein
antigens that tend to be poorly immunogenic on their own; this has created a significant need for new and more
powerful adjuvants. Many adjuvants mimic evolutionally conserved pathogen structures that are recognized by pattern
recognition receptors, such as the Toll-Like Receptors (TLRs), in the host; signalling through these receptors can activate
and or modulate the immune system to create a more protective response against an antigen.

Unmethylated single-stranded cytosine-phosphate-guanosine (CpG) oligodeoxynucleotides (ODNs), which mimic
bacterial DNA, are recognized by TLR9 found in antigen-presenting cells (i e., plasmacytoid dendritic cells) and B cells.
Since TLRS is located within the endosomal compartment, CpG ODN must be internalized to have an effect. With no
specific transporter, CpG ODN is taken up through non-specific and inefficient means; as a result, CpG ODN in solution
can move away from the site of vaccine administration and interact with distant immune cells producing unwanted side
effects. Attaching CpG ODN to nanoparticles can improve the safety of efficacy of this adjuvant by limiting its
distribution and augmenting its uptake into antigen-presenting cells, respectively.

We have recently adsorbed negatively charged CpG ODN 1826 to 50nm positively charged uncoated magnetic
nanoparticles (MNPs) (Chemicell GmbH 4130-1). These coated MNPs were incubated overnight in HEK293 cells co-
transfected with the murine TLR9 gene and an inducible SEAP (Secreted Embryonic Alkaline Phosphatase) reporter gene
(Invivogen hkb-mtir9). Activation of the intracellular TLR9 receptor was determined by quantifying the amount of SEAP
secreted using a QUANTI-Blue assay (Invivogen rep-qb1). We found that by simply adsorbing CpG ODN 1826 to MNPs,
1/10" of the amount of CpG ODN was required to produce a comparable response to CpG ODN in solution. These
functionalized MNPs are currently being investigated for use in intradermal vaccines with or without the presence of an
external magnetic field.

Negatively Charged
CpG ODN 1826 \l

o
0
1

Cpc ODN 1826

Cpa ODN 1826 Blank MNP Celis Alone
n Solution Abzorbed on MNP (Control)

(Control)

Figure: schematic of negatively charged CpG ODN 1826 adsorbed to positively charged MNPs (Left). 100ul of
8ug/mL CpG ODN adsorbed to MNPs produced a parable resp to 100ul of 80ug/mL CpG ODN in solution
in HEK293 cells containing the murine TLR9 receptor; minimal stimulation of TLR9 with MNPs alone (Right).

This work is made possible with a Collaborative Health Research Projects (CHRP) Grant (#446570-13) from the i i for Health {CIHR) and the
Natural Sciences and Engineering Research Council of Canada (NSERC)
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Chain formation rates for magnetic nanoparticles
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The self-assembly, chaining, and clumping of bio-magnetic nanoparticles is a concern in some
applications (drug delivery, hyperthermia) and a desired effect in others (self-assembled filters in
microfluidic devices)' Here we present finite-temperature simulations of colloidal magnetic nanoparticles
as a function of time to examine what parameters affect their assembly? Our simulation treats the
particles as hard spheres defined by a hydrodynamic radius and with a point magnetic dipole moment
defined at the center In addition to the hard shell interaction, the particles experience torques and forces
due to the dipole-dipole interactions which are minimized when the particles chain together The
equations of motion include viscous damping and random thermal fluctuations® Results for a system of
magnetite nanoparticles in blood with volume fraction of 52%, hydrodynamic radius of 10 nm, and
particle saturation magnetization of M = 3 16x10° A/m show that the rate at which chains are formed
decreases with temperature and are on the order of microseconds Fig 1 shows that the number of
unchained particles decreases over time This data is the average from 20 simulations Fig 2 shows that
chains of length 2 initially increase and then decrease as they form chains of lengths 3 and higher Fitting
the plots in Fig 1 with a decay function n =Aexp(-t/t), gave decay times of t =43 usforthe T =
300 K caseand t = 31 psfor the T = 0 case We will discuss the effect of volume fraction and applied
fields on the chain formation rates
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Smart Platform for Theranostic Applications Based on Cobalt-Doped Ferrite
Nanoparticles Mineralized in Ferritin Cages
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The application of magnetic nanoparticles (MNP) in the biomedical filed has attracted considerable
attention in the last decade, particularly as heat mediators for magnetic fluid hyperthermia The most
important requirement that a system based on MNP must satisfy for its clinical application is
biocompatibility In this contribution, we present some recent results obtained on Co-doped iron oxide
NPs mineralized within the internal cavity of a human H chain ferritin (HFt) protein This system
represents a viable theranostic platform, since HFt is biocompatible, has the appropriate size to freely
circulate in the body and it is naturally tailored for iron sequestration and NP incorporation The
principal drawback of HFt for their use in hyperthermia is that the largest attainable size is limited by
the proteic shell to 8 nm, which, with standard iron oxide, is not sufficient to provide a sizable
temperature increase in the target tissue In order to increase the heating efficiency, we investigated the
possibility of doping the NPs with a small amount of the more anisotropic Co®* ion

Well dispersed, highly monodisperse Co-doped iron oxides NPs (HFt-NPs) with average size of 6-7
nanometers and varying Co content between 5 and 15% were obtained through biomineralization inside
HFt cavity [1] The HFt-NPs were modified by genetic engineering so as to carry the a-melanocyte-
stimulating hormone peptide (a-MSH), which has been already demonstrated to have excellent targeting
properties towards melanoma cells with high selectivity [2] Moreover, PEG moieties were linked to the
proteic shell in order to ensure stability against opsonisation The hyperthermic properties of Co doped
magnetite HFt-MSH-NPs were investigated through calorimetric technique, and correlated with
structural features (crystallinity, composition) and magnetic properties (magneto-crystalline anisotropy)
We found that a Co doping of 5% strongly enhances the hyperthermic efficiency, while a larger doping
is detrimental, since it affects the crystal quality of the NPs

The in vitro hyperthermic efficiency of sample doped with 5% of Co was tested on B16 melanoma cell
lines Cells incubated with Co doped HFt-MSH-NPs and exposed to an alternate magnetic field shows a
significant reduction on cell viability Clear indications of an advanced stage of apoptotic process were
also observed by immunocytochemistry analysis On the other hand, the same treatment performed with
the undoped sample had no effect on cell viability, proving that the Co doping is necessary in order to
increase the hyperthermic efficiency The Co doped HFt-MSH-NPs alone showed a low cytotoxicity,
due to the small amount of Co doping

Melanoma tar
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Schematic representation of the HFt-MSH-NPs preparation a-MSH peptide is linked to the N-terminus of each of the 24
subunits by a peptide linker Only 5 of the 24 derivatized N-termini are shown, for clarity (from Ref [1])

References: [1] E Fantechi et al., ACS Nano (2014), in press (doi: 10 1021/nn500454n) [2] L Vannucci et al.
Int. J. of Nanomed., 7 (2012) 1489 and L Vannucci et al., J. Biomed. Nanotechnol. (2014), in press (doi:
10 1166/jbn 2014 1946)
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Simulation and Experimental Investigation of
the Effects of High Moment Magnetic Nanoparticles

on the Generation of Local Reversal Nucleation
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In theory. the i ity of the magnetic signal obtained by giant magneto-resistive (GMR) sensors
is calculated by averaged the magnetic nanoparticles’ dipole field across the sensing area This makes
icle ible by using a large surface area GMR sensors since the magnetic

= Y Hap

signal will cancel out In this paper, localized sensing scheme has been purposed and discussed

Domain nucleation has been observed and studied in antiferr gnetic (AFM) materials coupled to
soft magnetic thin films The widespread localized nucleation over the entire film is observed after
applied field reaches a critical value (for Permalloy, the critical field is about several tens Oe) It is
believed the strength of the exchange bias varies at the microscopic scale across the film As a result,
those regions could nucleate at smaller field compared to bulk value Similar effect could happen with
the help of high moment magnetic nanoparticles such as FeCo It have been proved extreme powerful in
bio ing b of its high under small field Fig 1 shows the simulated dipole field of a

FeCO particle A maximum local field of 16 Oe is generated at a distance of 50nm, which is the typical
distance for immunoassay application Such field is strong enough to have some local impact on the free

layer of GMR sensor Simulation results are shown in Fig 2, localized reverse nucleation site is generated
because of presence of the MNP Detection of high moment MNPs using large surface area GMR sensors
have been demonstrated
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Figure 1. (a). Local magnetic dipole field of a FeCo at 50nm particle height, (b) OOMMF simulation result of the
impact of the FeCo MNPs on the magnetic free layer of the GMR sensor. No external field is applied to the film
and the initial film configuration is set as shown in the inset.
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A MICROFLUIDIC MAGNETIC HYBRID ACTUATOR FOR
ADVANCED HANDLING FUNCTIONS AT CELL RESOLUTION
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In microfluidics, the use of super-paramagnetic microparticles (SMPs) has experienced a dramatic increase
over the last decade, but control of the magnetic field at micro scale is still a topical issue. Permanent
magnets don’t offer a programmable approach, external coils require a certain power, and neither are

integrated. Coils were thus integrated to microfluidic chips, but obviously a limitation has been
reached when it comes to the size of planar coils with five, ten or more turns: their use is generally in bulk
mode rather than aiming for cellular resolution. Hybrid sy which include external magnets to
generate a high and homogeneous magnetic field, and integrated coils that produce a high gradient, are
seemingly a promising way to reach a higher precision in magnetic actuation, not mentioning the forces
they create on SMPs can be attractive or repulsive.

The goal of our work, for one part, is to develop a simple solution for the micro-fabrication of this kind of
devices, but also to delve into the design possibilities, for instance to create a separation stage or investigate
more exotic functions like focusing (without leading to
a dilution or an increase in the flow rate, unlike most
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b) Optical picture of a
micro fabricated shift register.
C micro-technology pr (metallization and electro-chemical growth) have been used to create

the micro-coils (they are 5 pm wide and high wires). As for the microfluidic channels, two layers of low cost
dry film photoresist (DF-1020) were laminated then structured with photolithography. It is also important
to stress that this technique (if piling more layers) can plainly lead to 3D microfluidic structures.

The experimental setup comprises a pressure controller for fluid . v . Cot (werk mae)
handling, a bright field fluor microscope, an EMCCD 8

two rectangular NdFeB magnets (with a 1.3 T remanence) and a chip ‘
holder (see Fig. 2). We developed an electronic board that is able to
deliver positive and negative currents to the coils (to change the sign
of the magnetic force). For the magnetic carriers, we used 5 pm
diameter Spherotech (fluorescent) beads, and THP1 monocytes
labeled with Invitrogen anti-CD14 Dynabeads. .

Two different designs were tested for the focusing function, and led
to promising results. On Fig. 3, we can see two S5um Invitrogen
particles (their velocity is about 560 pm/s) experiencing a
deviation of 22 pm in 140 ms. In other series of tests, we obtained the same range of deviation at much
higher velocities (about 2 mm/s), and we also made sure we can achieve focusing on the whole width of the
micro-channel.

Figure 2: Scheme of the hybrid
magneto-fluidic chip set up.

Currently we are working on the characterization of other types of micro-coils we built (for separation and
a shift register to control the SMPs flow). Introducing tridimensional microfluidic structures would open
new for the reali of plex lab on chips. A very intriguing lead lies in achieving the
integration of the homogeneous magnetic field source, which is quite weak so far but work is still in

progress, especially in the field of NMR on chip analysis.

Figure 3: Stacked microscope images of two particles being deflected and
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Characterization of Iron Oxide SHP-type Nanoparticles from Ocean
NanoTech by Méssbauer, Magnetization and X-ray Diffraction Methods
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Joint analysis of the Mossbauer and magnetization data in

the framework of the single model of magnetic dynamic I o f'.-
1s known as a powerful tool for precise characterization s 4 $

of iron oxide nanoparticles Simultaneous fitting of the sl : \ ‘\d.
magnetization curve and the group of three Mossbauer 2 f j - :

spectra taken at two different temperatures and in a weak -

extemal magnetic field made it possible to describe o

quantitatively the biodegradation process in the mouse
liver [1] and to define the evolutions of nanoparticle’s
size and concentration of exogenous and endogenous iron
with time after intravenous mjection of ferrofluid It
should be mentioned, that the size of the nanoparticle
determined by the method depends on its quantum
mechanical magnetic properties and can be different from s, o
the size, determined by other methods Therefore, in the ‘. ¥
present study we compared the results on investigation of i

the same set of nanoparticles by this magnetic and by
nonmagnetic X-ray diffraction method for nanoparticle
characterization 7
We explored the set of water soluble SHP-type iron oxide 4,
nanoparticles with amphiphilic polymer coating produced : ik
by «Ocean NanoTech» company [2] with average fw] d)

diameters in the range of 5-25 nm, previously determined guw!

by transmission electron microscopy The Mossbauer, gs..' ; 4 A U )
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Transmission, %
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magnetization and X-ray diffraction measurements of each - =
sample were carried out The comparative analysis of the 27eta, deg

results showed that the Mossbauer data are absolutely 20
necessary for the correct interpretation of the results of 1 e)
the magnetization or the X-ray diffraction measurements

Experimental data for 20 nm SHP-type water soluble iron
oxide nanoparticles:

a) "Fe Mossbauer spectra, measured at 300 K,

b)° 57Fe Maossbauer spectra, measured at 78 K,

¢) *Fe Méssbauer spectra, measured in the magnetic field s
34kOeat 300K, 400 800 S0 400 200 O 200 400 600 800 1008
d) X-ray diffraction picture Field, Oe

€) magnetization curve at 300 K
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Specific Absorption Rate Dependence on Temperature in Magnetic Field
Hyperthermia Measured by Dynamic Hysteresis Losses (AC Magnetometry)

Eneko Garaio", Juan Mari Collantes', Jose Angel Garcia®, Fernando Plazaola’,
Graziella Goglio®, Stéphane Mornet’, Franck Couillaud" and Olivier Sandre**
! Elektrizitatea eta Elektronika Saila, UPV/EHU, PK 644, Bilbao, Spain
? Fisika Aplikatua II Saila, UPV/EHU, PK 644, Bilbao, Spain

slnstimdeC]nmx' ie de la Matiére Condensée de Bordeaux, UPR 9048 CNRS / Université de Bord Bord France
“Ré e Magnétique des Systémes Biologiq UMR5536CN'RS/I" ité de Bord, Bord France
’LabontouedeChmedesPolymemOxgamqms UMR 5629 CNRS / Us ité de Bordeaux, Bord France

Magnetic nanoparticles are intensively studied for their potential use for magnetic field
hyperthermia (MFH). a treatment that has passed a phase II clinical trial against several brain cancers
(glioblastoma) at the end of 2011 Their heating power, characterized by the “specific absorption rate”,
can be temperature dependent, especially when the objective is to obtain a self-regulated heating by an
adjustable Curie temperature e.g. with lanthanum strontium manganese oxide (LMSO) nanoparticles
However, SAR is often considered temperature independent in the literature, mainly because of the
difficulties that aﬂse from the measurement methodology Using a dynamic magnetometer presented m
a recent paper.! we measure here the thermal dependence of SAR for superparamagnetic iron oxide
nanoparticles (NPs) of three different size-ranges, respectively around 8 5 nm, 11 nm_ and 18 nm These
maghemite NPs were dispersed euher in water trough a polymer coatmg or i a fluorinated o1l with e g.
10 times lower heat conducl:mty a factor that is determinant to nunimize thermal losses and reach
higher plateau temperature in MFH * We studied also LMSO nanoparticles dispersed in water that are
designed to limit the upper heating temperature We present here a parametrical study extending from 10
to 60°C in temperature, from 75 to 1031 kHz in frequency. and from 2 to 24 kA-m’ in magnetic field
strength It was observed that SAR values of maghemite NPs of the two lower size-ranges decrease with
temperature up to 40% and that this decrease depends on the applied magnetic field frequency On the
contrary, 