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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.

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

12



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
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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

Preclinical

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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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

Adeline Hannecart,' Dimitri Stanicki,' Luce Vander Elst,' Robert N. Muller,"? Sophie Laurent,' '
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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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Opportunities and Risks of Nanomaterials
National Research Programme NRP 64
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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
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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
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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’
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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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A S. mansoni and B S. japonicum eggs incubated with Example double Poisson distribution of
magnetic  microspheres  Arrows indicate bound number k of microspheres bound to edge of
microspheres eggs (Blue data: red fit) Data indicate two

categories of eggs
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