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Welcome Message 
It is our great pleasure to welcome you all to the 12th International Conference on the Scientific and 

Clinical Applications of Magnetic Carriers. We once again have a wonderful program full of new and 

great “things” that magnetic particles can do. 

Copenhagen is a wonderful place to be hosting the conference and we are very fortunate to be holding 

our meeting in the Maersk Tower, the newest, state-of-the-art research building at the University of 

Copenhagen’s Nørre campus. We are sure the innovative architecture of the Maersk Tower will make 

discussing new ideas and collaborations especially fruitful. Magnetic particles are fascinating and 

there are no limits in their applications.  

Your organizers,  

Urs Hafeli, University of British Columbia, Vancouver, Canada  

        & University of Copenhagen, Denmark 

Wolfgang Schuett, IMF Krems, Austria & Rostock, Germany  

Maciej Zborowski, Cleveland Clinic Foundation, Cleveland, U.S.A. 

Coffee cup design by Cristina Rodriguez-Rodriguez @ 2018 



12th International Conference on the Scientific and Clinical Applications of Magnetic Carriers - Copenhagen, Denmark

Tuesday, May 22, 2018
18:00 Registration desk opens in the Maersk Tower (Mærsk Tårnet), Blegdamsvej 3B
18:30 Informal reception and welcome cocktail (Apero) in the Maersk Tower, with the Jacob Venndt's Fabulous Swing Trio - generously sponsored by chemicell
22:00 End of reception

Wednesday, May 23, 2018
08:00

Opening Session
09:00 Holst Nissen, Mogens Opening of the conference and welcome address by the Vice Dean of Research, University of Copenhagen Copenhagen, Denmark
09:05 Hafeli, Urs Short review of the last 2 years of magnetic carriers research Copenhagen, Denmark Talk 0

Session 1 Hyperthermia I Chair: Silvio Dutz
09:35 Chiu-Lam, Andreia Spatially Controlled and Image Guided Nanoscale Thermal Therapy Gainesville, FL, USA Talk 1
09:50 Kostevsek, Nina Magneto-liposomes as theranostic agents Ljubliana, Slovenia Talk 2
10:05 Coffee break

Session 2 Hyperthermia II Chair: Silvio Dutz
10:30 Beola, Lilianne Differences in cell death mechanism after magnetic hyperthermia treatment depending on the nanoparticle location Madrid, Spain Talk 3
10:45 Mefford, Thompson Glycoconjugate-Functionalized Magnetic Nanoparticles: A Tool for Selective Killing of Targeted Bacteria Via Magnetically Mediated Energy Delivery Clemson, SC, USA Talk 4
11:00 Torres, Teobaldo Intracellular distribution of magnetic nanoparticles and magnetic hyperthermia effects: a Focused Ion Beam study Zaragoza, Spain Talk 5
11:15 Grazú, Valeria Nanobiohybrids for the thermoactivation of a therapeutic enzyme by magnetic hyperthermia Zaragoza, Spain Talk 6
11:30 Pankhurst, Quentin Optimal formulation properties and physico-chemical characteristics of iron oxide magnetic nanoparticle heating agents for clinical applications London, UK Talk 7
11:45 Spirou, Spiridon Recommendations for in-vitro and in-vivo testing of Magnetic Nanoparticle Hyperthermia combined with Radiation Therapy Athens, Greece Talk 8
12:00 Merida, Fernando Ultrasonic Potentiation of Magnetic Fluid Hyperthermia/Pifithrin-µ Combined Therapies in Ovarian Cancer Cells Mayaguez, Puerto Rico Talk 9
12:15 Lunch

Session 3 Magnetic Drug Delivery / Magnetic Targeting I Chair: Christoph Alexiou
13:15 Waldorff, Erik Low Frequency Pulsed Electromagnetic Field Applications: Bone and Soft Tissue Repair Lewisville, TX, USA Invited Talk 10
14:00 Yagci Acar, Funda Discovery of self-luminescent polyethyleneimine coated SPIONs and their theranostic applications Istanbul, Turkey Talk 11
14:15 Shipunova, Victoria A novel method of nanoparticle surface biomodification for the development of effective agents for cancer theranostics Moscow, Russia Talk 12
14:30 Yoon, Jungwon Development of a Real-Time Two-Dimensional Navigation System of Magnetic Nanoparticles for Targeted Drug Delivery Gwangju, Korea Talk 13

Registration desk opens - at the Niels Jerne Auditorium, Mærsk Tårnet (Maersk Tower), Blegdamsvej 3B



14:45 Coffee break
Session 4 Magnetic Drug Delivery / Magnetic Targeting II Chair: Quentin Pankhurst

15:15 Alexiou, Christoph Upscaling of Iron Oxide Nanoparticles for Biomedical Applications; The SEON Concept Erlangen, Germany Talk 14
15:30 Bianco, Vincent A parallel, multi-phase, multi-physics numerical simulation code for development of magnetic fluid control strategies New York, NY, USA Talk 15
15:45 Fellows, Benjamin Heparin Coated Magnetic Nanoparticles for Treatment of In-Stent Restenosis and Prevention of Late Stent Thrombosis Clemson, SC, USA Talk 16
16:00 Jafari, Sahar Magnetically-enabled rapid intra-nasal drug delivery to the brain North Bethesda, MD, USA Talk 17
16:15 Baun, Olga Mag-Guider: A permanent magnet system to guide and image super-paramagnetic nanoparticles Mainz, Germany Talk 18
16:30 Nosrati, Zeynab Fabrication and Characterization of Magnetic Embolising Microspheres with Potential Application in Magnetic Resonance Navigation Technology Vancouver, BC, Canada Talk 19
16:45 Liu, Chih-Hsin Intravenous Delivery of Tissue Plasminogen Activator by Thermosensitive Magnetoliposomes for Target Thrombolysis Taoyuan, Taiwan Talk 20
17:00 Poster session I (Posters 1-115) with Beer and Snacks - generously sponsored by micromod / free evening thereafter

Thursday, May 24, 2018
08:30
09:00 Kim, CheolGi Integrated Magnetophoretic Platform for Precise Manipulation of Living Cells Daegu, Korea Invited Talk 21

Session 5 Analytical Techniques Chair: Petr Nikitin
09:45 Connolly, Colin High-Throughput Single-Nanoparticle Magnetic Analysis Platform Using Diamond Magnetic Imaging Somerville, MA, USA Talk 22
10:00 Baffa, Oswaldo Development of an Optical Pumped Gradiometric System to Detect Magnetic Relaxation of Magnetic Nanoparticles Ribeirao Preto, Brazil Talk 23
10:15 Fock, Jeppe Measured correlation of nanoparticle magnetic moment and hydrodynamic size Copenhagen, Denmark Talk 24
10:30 Coffee break
11:00 Frandsen, Cathrine Electron holography studies of individual maghemite nanoflowers Copenhagen, Denmark Talk 25
11:15 Nikitin, Maxim Smart Materials Based on Magnetic Nanoparticles for Biosensing and Drug Delivery Moscow, Russia Talk 26

Session 6 Nanotechnology I Chair: Frank Wiekhorst
11:30 Abakumov, Maxim Protein coated magnetic nanoparticles for cancer treatment and diagnostics Moscow, Russia Talk 27
11:45 Fratila, Raluca Maria Clickable magnetic nanoparticles; a new tool for magnetic hyperthermia Zaragoza, Spain Talk 28
12:00 Jedlovszky-Hajdu, Angela Magnetic gelfiber based scaffold for theranostic applications Budapest, Hungary Talk 29
12:15 Lunch
13:15 Glückstad, Jesper IDEAS TALK: Light Robotics and Its Potential for Integrating With Magnetic Carriers Copenhagen, Denmark Invited Talk 30

Session 7 Nanotechnology II Chair: Thompson Mefford
14:00 Tasci, Tonguc Onur Magnetic Microlassos For Single Cell Capture, Manipulation And Cargo Transport Boston, MA, USA Talk 31
14:15 Löwa, Norbert 3D-printing of novel magnetic composites based on magnetic nanoparticles and photopolymers Berlin, Germany Talk 32
14:30 Frenea-Robin, Marie Electroactive Magnetic Nanoparticles for Electrochemical Signal Amplification under Magnetic Attraction on a Microchip Device Lyon, France Talk 33
14:45 Schotter, Joerg NIL-fabricated multifunctional magnetic nanoparticles as probes for homogeneous label-free biosensing Vienna, Austria Talk 34
15:00 Ronti, Michela Structural motifs in Self-Assembling Dipolar Spheres Vienna, Austria Talk 35
15:15 Poster session II (Posters 116-256) with coffee and cake

17:15 Bus leaves to Carlsberg Brewery
17:30 Tour of "Visit Carlsberg" followed by gala dinner at the Carlsberg mansion and museum; photograph of all the participants
21:30 End of the evening

Friday, May 25, 2018
08:30

Session 8 Nanoparticle Synthesis I Chair: Etelka Tombacz
09:00 Kasparis, Georgios Synthesis and Application of Zinc Ferrite Nanoparticles as  Agents for Cancer Thermotherapy London, UK Talk 36
09:15 Thanh, Nguyen High Magnetisation, Monodisperse and Water-dispersible CoFe@Pt Core/shell Nanoparticles London, UK Talk 37
09:30 Bender, Philipp Revealing dipolar-coupled moment correlations in clusters of superparamagnetic nanoparticles Santander, Spain Talk 38
09:45 Lak, Aidin Iron deficiencies and structural defects favor magnetic hyperthermia performance of magnetite nanocubes in viscous media Genoa, Italy Talk 39
10:00 Coffee break lak

Session 9 Nanoparticle Synthesis II Chair: Kathy Saatchi
10:30 Mefford, Thompson Quantitative Measurement of Ligand Exchange on Iron Oxides via Radioanalytical Techniques Clemson, SC, USA Talk 40
10:45 Secret, Emilie Synthesis and functionalization of magnetic nanoparticles for remote control of differentiation and oriented growth of neuronal cells Paris, France Talk 41

Registration desk opens - at the Niels Jerne Auditorium, Mærsk Tårnet (Maersk Tower), Blegdamsvej 3B

Registration desk opens - at the Niels Jerne Auditorium, Mærsk Tårnet (Maersk Tower), Blegdamsvej 3B



11:00 Mickoleit, Frank Generation of nano-magnetic hybrid materials by genetic engineering and functionalization of bacterial magnetosomes Bayreuth, Germany Talk 42
11:15 Pividori, Maria Isabel Magnetic Molecularly Imprinted Polymers - Synthesis and Applications Barcelona, Spain Talk 43
11:30 Morales, Maria del Puerto Assembling magnetic iron oxide cores to produce well-controlled hydrophilic multicore structures Madrid, Spain Invited Talk 44
12:15 Lunch

Session 10 Magnetic Imaging Chair: Patrick Goodwill
13:15 Diamond, Solomon Progress Towards a Magnetic Nanoparticle Imaging System for Immunohistochemistry Hanover, NH, USA Talk 45
13:30 Paysen, Hendrik Towards functional magnetic particle imaging of endothelial cells Berlin, Germany Talk 46
13:45 Frellsen, Louise Dynamical monitoring of magnetic markers using quantum diamond magnetometry Copenhagen, Denmark Talk 47
14:00 Millán, Angel Avoiding RES retention of magnetic nanoparticles with a dense PEG coating. A biodistribution study by MRI, SPECT, gamma-counting and TEM Zaragoza, Spain Talk 48
14:15 Corte-León, Héctor Quantitative magnetic force microscopy for single magnetic bead characterization Teddington, UK Talk 49
14:30 Coffee break
15:00 Goodwill, Patrick Magnetic Particle Imaging Emerges into Preclinical Research: Hardware, Nanoparticles, and Animal Models Alameda, CA, USA Invited Talk 50
15:45 Goodwill, Patrick Online Demo of the Momentum™ Magnetic Particle Imaging system from Magnetic Insight Inc. Alameda, CA, USA Demo

Session 11 Magnetic Separation Chair: Ivo Safarik
16:15 Zborowski, Maciej

p p p g q g g ( ) q p
the Point Of Care Cleveland, OH, USA Talk 51

16:30 van Silfhout, Alex Colloidal Stability of Ferrofluids for Magnetic Density Separation Utrecht, The Netherlands Talk 52
16:45 Dempsey, Nora Efficient capture of highly diffusive magnetic nanoparticles using micro-magnet arrays Grenoble, France Talk 53
17:00 Touristic walk to the boat / with graduate students as guides
18:30 Boat tour from "Ved Strand" across from Christiansborg Castle / with drinks and snacks
20:00 Drop off at Nyhavn / free evening

Saturday, May 26, 2018
08:30

Session 12 Biological Applications I Chair: Peter Hore
09:00 Roig, Anna Magnetic Nanocapsules for Brain Repair after a Stroke Barcelona, Spain Invited Talk 54
09:45 Weidner, Andreas Protein coated magnetic nanoparticles for medical applications Ilmenau, Germany Talk 55
10:00 Gigoux, Véronique Targeted Magnetic Intra-Lysosomal Hyperthermia produces lysosomal reactive oxygen species and causes Caspase-1 dependent cell death Toulouse, France Talk 56
10:15 Coffee break

Session 13 Biological Applications II Chair: Thanh Nguyen
10:45 Dapprich, Johannes Superparamagnetic Particle Scaffold for Regenerating Damaged Neural Tissue Lawrenceville, NJ, USA Talk 57
11:00 Lisse, Domenik Magnetogenetic Activation of Small GTPases with MagIcS Nanoparticles Inside Living Cells Osnabrück, Germany Talk 58

11:15 Van de Walle, Aurore
Differentiation status of stem cells impacts the biotransformations of internalized magnetic nanoparticles: in situ investigations using the magnetic 
imprint Paris, France Talk 59

11:30 Gonçalves, Ana Magnetic actuated SPCL scaffolds dopped with iron oxide magnetic nanoparticles as mechano-instructive platforms for tendon tissue engineering Barco, Portugal Talk 60
11:45 Hannon, Gary A Systematic Approach to Endotoxin Contamination Assessment of Iron Oxide Nanoparticles for Theranostics applications Dublin, Ireland Talk 61
12:00 Lunch

Session 14 Biosensors Chair: Anna Roig
13:00 Hore, Peter Disruption of Magnetic Compass Orientation in Migratory Birds by Radiofrequency Electromagnetic Fields Oxford, UK Invited Talk 62
13:45 Wiekhorst, Frank Development of a method to analyse the dynamic magnetic behavior of magnetic nanoparticles during cellular uptake with high temporal resolution Berlin, Germany Talk 63
14:00 Su, Diqing A Handheld Platform Based on Wash-Free Magnetic Bioassays for the Early Diagnosis of Influenza A Virus Minneapolis, MN, USA Talk 64
14:15 Zabow, Gary Magnetic microparticles for new NMR-based force sensing Boulder, CO, USA Talk 65
14:30 Leliaert, Jonathan Thermal noise magnetometry: a zero-field magnetic nanoparticle measurement method Ghent, Belgium Talk 66
14:45 Teran, Francisco Taking advantages of nanomagnetism for detecting biomarkers dispersed in biological fluids Madrid, Spain Talk 67
15:00 Closing Comments and Announcement of the NEXT MEETING: Urs Hafeli / Thanh Nguyen
15:15

Registration desk opens - at the Niels Jerne Auditorium, Mærsk Tårnet (Maersk Tower), Blegdamsvej 3B

Meeting ends



Social Program 
As always, we will not let science prevent us from learning new stuff, having fun together 
and enjoying Copenhagen to the fullest. 
 
Tuesday, May 22 
A welcome reception will be held at the Maersk 
Tower, Blegdamsvej 3B, and will be open to all participants 
of the conference. It will start at 6:30 PM and go till 10 PM. 
Conference registration will be available throughout the 
reception. This reception is made possible by our 
sponsor Chemicell GmbH ‐ thank you very much! 
 
Wednesday, May 23 
During the day, we will have a spouse tour starting at 10 
AM. This tour is complimentary and always fun! 
After the talks, there will be a poster session with Beer and 
Snacks, graciously sponsored by micromod 
Partikeltechnologie GmbH. The rest of the evening is free. 
Go and explore! In fact, you don't have to go very far, there 
is quite a few eateries and restaurants available in 
Nørrebro or downtown Copenhagen. 
 
Thursday, May 24 
In the afternoon there will be a poster session with cake 
and coffee. 
On this evening, we will have a very special conference 
dinner. We will visit the Carlsberg brewery, and will then 
dine in Carl's villa, which is the original Glyptotek. It is 
essentially like dining in a museum. Enjoy! 
 
Friday, May 25 
On this evening, we will have our traditional boat trip. We 
will walk to the harbour through the botanical garden, and 
will also pass on the way the Rosenborg Castle, the 
Frederiks Dome, and the Queen's home Amalienborg. 
There will be some drinks and snacks on the boat. The end 
of the boat trip will be at Nyhavn, where everybody can go 
wild and enjoy the evening with friends. 
 
Saturday, May 26 
The meeting will end at 3:15 PM. Please take the opportunity and explore beautiful 
Denmark on your own after the end of the conference! There is many things to see in and 
around Copenhagen. 
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 c
ur

ve
s 

an
d 

po
ss

ib
le

 e
ff

ec
ts

 o
n 

th
e 

M
N

Ps
 th

em
se

lv
es

. T
he

 f
ou

rt
h 

pa
rt

, M
H

 c
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 c
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 d
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at
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 b
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 p
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 c
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ra
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t o
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at
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 d
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at
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 c
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at
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nd

 w
av

es
pr

om
ot

es
po

re
fo

rm
at

io
n 

an
d 

pe
rm

ea
bi

li
za

ti
on

 o
f c
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 d
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 d
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ra
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w
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 c
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 b
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 d
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 c
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.
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w
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, d
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 c
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 b
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w
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 re
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 m
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ra
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f m
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 d

ru
g 

m
ol

ec
ul

es
. 

B
la

ck
, 

bl
ue

 a
nd

 g
re

y 
ci

rc
le

s 
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 d
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 p
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) d
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 b
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at
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1-

3]
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it
h 

th
e 

ap
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ov
al
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E
M

F 
fo

r o
st

eo
ge

ne
si

s 
st

im
ul

at
io

n,
 r
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h 
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s 

be
en

 d
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E
M
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it
io

n 
to
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E
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d 
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er
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sh

ow
n 

th
at
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a 
ro
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 o
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eo
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ro
si
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re
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al
 m
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el
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O

V
X
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re

at
m

en
t)
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ff
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en
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P
E

M
F

 s
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w
 r

at
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c 
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at
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g 

bo
ne

 lo
ss

 a
s 

a 
bi

sp
ho

sp
ho

na
te

 (
al

en
dr

on
at

e)
 [

4]
. I

n 
ad

di
tio

n 
P

E
M

F
 r
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t t
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 c
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ra
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 c
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 b
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 p
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 c
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 c
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 o
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 p
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g
n
et
ic

fl
u
id

d
ro
p
le
t
(ρ

=
10
0
0
k
g
/m

3
,
χ

=
4
)
in

a
ve
rt
ic
a
l
fi
el
d
w
it
h
ve
rt
ic
a
l

g
ra
d
ie
n
t
∼

0.
00
2
T
/m

at
t
=

0.
03
,0
.0
6,
0.
0
9,
0.
1
0
5
se
co
n
d
s.
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lk

 1
5

H
ep

ar
in

 C
oa

te
d 

M
ag

ne
tic

 N
an

op
ar

tic
le

s f
or

 T
re

at
m

en
t o

f I
n-

St
en

t R
es

te
no

si
s a

nd
 

Pr
ev

en
tio

n 
of

 L
at

e 
St

en
t T

hr
om

bo
si

s 

B
en

ja
m

in
 F

el
lo

w
s1 , 

N
ar

di
ne

 G
ho

br
ia

l2 , 
E

lli
ot

 M
ap

pu
s2 , 

A
nd

re
w

 H
ar

ge
tt

2 , 
M

ar
k 

B
ol

di
ng

3 , 
D

el
ph

in
e 

D
ea

n2 , 
O

. T
ho

m
ps

on
 M

ef
fo

rd
1  

1 D
ep

ar
tm

en
t o

f M
at

er
ia

ls
 S

ci
en

ce
 a

nd
 E

ng
in

ee
rin

g,
 C

le
m

so
n 

U
ni

ve
rs

ity
, C

le
m

so
n,

 S
C

, U
SA

 
2 D

ep
ar

tm
en

t o
f B

io
en

gi
ne

er
in

g,
 C

le
m

so
n 

U
ni

ve
rs

ity
, C

le
m

so
n,

 S
C

, U
SA

 
3 D

ep
ar

tm
en

t o
f R

ad
io

lo
gy

, U
ni

ve
rs

ity
 o

f A
la

ba
m

a 
at

 B
irm

in
gh

am
, B

irm
in

gh
am

, A
L,

 U
SA

 

N
eo

in
tim

al
 h

yp
er

pl
as

ia
 is

 a
 c

on
di

tio
n 

w
hi

ch
 d

ev
el

op
s a

fte
r a

 v
as

cu
la

r s
te

nt
 h

as
 b

ee
n 

im
pl

an
te

d 
in

 
a 

pa
tie

nt
. U

nc
on

tro
lle

d 
pr

ol
ife

ra
tio

n 
of

 v
as

cu
la

r 
sm

oo
th

 m
us

cl
e 

ce
lls

 c
au

se
s 

bu
ild

up
 o

f v
as

cu
la

r 
tis

su
e 

le
ad

in
g 

to
 th

e 
in

te
rn

al
 a

rte
ria

l w
al

l t
hi

ck
en

in
g 

ef
fe

ct
iv

el
y 

re
ve

rs
in

g 
th

e 
ef

fe
ct

iv
en

es
s 

of
 th

e 
ar

te
ria

l s
te

nt
. M

od
er

n 
tre

at
m

en
t o

f t
hi

s 
us

es
 d

ru
g 

el
ut

in
g 

st
en

ts
 w

hi
ch

 a
lth

ou
gh

 le
ad

 to
 d

ec
re

as
ed

 
st

en
t 

fa
ilu

re
 r

at
e,

 c
au

se
 a

ll 
ce

ll 
lin

es
 a

ss
oc

ia
te

d 
w

ith
 v

as
cu

la
r 

he
al

in
g 

to
 s

to
p 

pr
ol

ife
ra

tio
n,

 
ef

fe
ct

iv
el

y 
ha

lti
ng

 o
r d

el
ay

in
g 

th
e 

he
al

in
g 

pr
oc

es
s. 

Th
is

 c
an

 le
ad

 to
 la

te
 st

en
t t

hr
om

bo
si

s w
hi

ch
 is

 
no

t s
ee

n 
w

he
n 

us
in

g 
tra

di
tio

na
l s

te
nt

s. 

To
 a

dd
re

ss
 th

is,
 w

e 
ha

ve
 d

ev
el

op
ed

 h
ep

ar
in

 lo
ad

ed
 m

ag
ne

tit
e 

na
no

pa
rti

cl
es

 a
s a

 ta
rg

et
ed

 tr
ea

tm
en

t 
fo

r b
ar

e 
m

et
al

 m
ag

ne
tiz

ab
le

 st
en

ts
. H

ep
ar

in
 h

as
 b

ee
n 

sh
ow

n 
to

 se
le

ct
iv

el
y 

in
hi

bi
t v

as
cu

la
r s

m
oo

th
 

m
us

cl
e 

ce
lls

 a
nd

 h
as

 b
ee

n 
us

ed
 in

 tr
ea

tm
en

t f
or

 d
ec

ad
es

. A
lth

ou
gh

 id
ea

l, 
pu

re
 h

ep
ar

in
 m

us
t b

e 
sy

st
em

ic
al

ly
 in

je
ct

ed
 in

 m
as

s q
ua

nt
ity

 a
s i

t i
s r

em
ov

ed
 q

ui
ck

ly
 fr

om
 th

e b
od

y.
 H

ep
ar

in
 lo

ad
ed

 o
nt

o 
iro

n 
ox

id
e 

na
no

pa
rti

cl
es

 o
ff

se
t t

he
 d

os
e 

an
d 

ta
rg

et
in

g 
iss

ue
 a

ss
oc

ia
te

d 
w

ith
 p

ur
e 

he
pa

rin
 tr

ea
tm

en
t. 

 

In
 th

is
 w

or
k 

w
e 

sh
ow

 th
at

 m
ag

ne
tic

 n
an

op
ar

tic
le

s 
lo

ad
ed

 w
ith

 h
ep

ar
in

 e
xh

ib
it 

th
e 

pr
ol

ife
ra

tiv
e 

ac
tiv

ity
 o

f 
bu

lk
 h

ep
ar

in
 a

t c
on

ce
nt

ra
tio

n 
as

 lo
w

 a
s 

1µ
g 

of
 F

e/
m

l. 
U

si
ng

 fl
or

es
ce

nc
e 

st
ai

ni
ng

 w
e 

de
m

on
st

ra
te

 th
at

 th
e 

su
pp

re
ss

io
n 

of
 v

as
cu

la
r s

m
oo

th
 m

us
cl

e 
ce

lls
 is

 d
ue

 to
 a

 c
ha

ng
e 

in
 p

he
no

ty
pe

 
fr

om
 sy

nt
he

tic
 to

 c
on

tra
ct

ile
. I

ni
tia

l i
n 

vi
vo

 d
os

in
g 

is 
w

el
l t

ol
er

at
ed

, s
ho

w
s l

on
g 

bi
ol

og
ic

al
 h

al
f-

lif
e 

an
d 

co
nf

irm
s c

irc
ul

at
io

n.
 

Fi
gu

re
 1

: (
le

ft)
 g

ra
ph

ic
al

 re
pr

es
en

ta
tio

n 
of

 th
e 

na
no

pa
rti

cl
e 

co
m

po
sit

io
n 

as
 w

el
l a

s t
he

 c
el

lu
la

r r
es

po
ns

e 
to

 th
e 

he
pa

rin
 

fu
nc

tio
na

liz
ed

 p
ar

tic
le

s (
ri

gh
t)  

 Fe
llo

w
s, 

B.
D

., 
G

ho
br

ia
l, 

N
., 

M
ap

pu
s, 

E.
, H

ar
ge

tt,
 A

., 
B

ol
di

ng
, M

., 
D

ea
n,

 D
. a

nd
 M

ef
fo

rd
, O

.T
., 

20
18

. 
N

an
om

ed
ic

in
e:

 N
an

ot
ec

hn
ol

og
y,

 B
io

lo
gy

 a
nd

 M
ed

ic
in

e.
 Ta

lk
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M
ag

n
et

ic
al

ly
-e

n
ab

le
d

 r
ap

id
 in

tr
a-

n
as

al
 d

ru
g 

d
el

iv
er

y 
to

 t
h

e 
br

ai
n

 

Sa
ha

r 
Ja

fa
ri

*,
 L

am
ar

 M
ai

r,
 I

rv
in

g 
W

ei
nb

er
g,

 J
am

es
 B

ak
er

-M
cK

ee
, J

am
el

le
 W

at
so

n-
D

an
ie

ls
, O

liv
ia

 H
al

e,
 B

ra
dl

ey
 E

ng
lis

h,
 P

av
el

 
St

ep
an

ov
, D

an
ic

a 
Su

n 

W
ei

nb
er

g 
M

ed
ic

al
 P

hy
si

cs
, I

nc
., 

N
or

th
 B

et
he

sd
a,

 M
ar

yl
an

d,
 U

SA
 

*E
m

ai
l: 

sa
ha

r.
ja

fa
ri

20
11

@
gm

ai
l.c

om
 

Th
e 

bl
oo

d-
br

ai
n 

ba
rr

ie
r 

pr
ov

id
es

 n
at

ur
al

 p
ro

te
ct

io
n 

to
 th

e 
ce

nt
ra

l n
er

vo
us

 s
ys

te
m

 a
ga

in
st

 n
ox

io
us

 s
ub

st
an

ce
s 

bu
t a

ls
o 

pr
ev

en
ts

 a
cc

es
s 

to
 th

er
ap

eu
ti

cs
. T

he
 n

os
e 

is
 th

e 
on

ly
 p

la
ce

 w
he

re
 th

e 
br

ai
n 

‘m
ee

ts
 th

e 
ou

ts
id

e 
w

or
ld

’. 
T

he
 o

lfa
ct

or
y 

ne
rv

e 
ex

te
nd

s 
di

re
ct

ly
 fr

om
 th

e 
ol

fa
ct

or
y 

bu
lb

 in
 th

e 
lim

bi
c 

re
gi

on
 o

f t
he

 b
ra

in
 to

 th
e 

no
se

, p
en

et
ra

te
 th

e 
m

uc
os

al
 li

ni
ng

 a
nd

 
al

lo
w

 d
ir

ec
t c

on
ta

ct
 w

it
h 

th
e 

en
vi

ro
nm

en
t [

1]
. T

hu
s,

 th
e 

no
se

 is
 c

on
si

de
re

d 
an

 a
tt

ra
ct

iv
e 

ro
ut

e 
fo

r 
ne

ed
le

-f
re

e 
va

cc
in

at
io

n 
an

d 
fo

r 
sy

st
em

ic
 d

ru
g 

de
liv

er
y,

 e
sp

ec
ia

lly
 w

he
n 

ra
pi

d 
ab

so
rp

ti
on

 a
nd

 e
ff

ec
t a

re
 d

es
ir

ed
.  

Th
e 

go
al

 o
f t

hi
s 

re
se

ar
ch

 w
as

 d
el

iv
er

y 
of

 m
ag

ne
ti

c 
ro

ds
 fr

om
 th

e 
no

se
 a

cr
os

s 
th

e 
cr

ib
ri

fo
rm

 p
la

te
 to

 th
e 

br
ai

n 
by

 a
id

 o
f 

m
ag

ne
ti

c 
fie

ld
. T

he
 c

ri
br

ifo
rm

 p
la

te
 is

 a
 p

ar
t o

f t
he

 e
th

m
oi

d 
bo

ne
 a

nd
 s

up
po

rt
s 

th
e 

ol
fa

ct
or

y 
bu

lb
. I

n 
hu

m
an

, t
he

 s
iz

e 
of

 
ca

vi
ti

es
 in

 c
ri

br
ifo

rm
 p

la
te

 is
 a

 fe
w

 m
ill

im
et

er
s 

w
hi

ch
 is

 r
ed

uc
ed

 to
 m

ill
im

et
er

 o
r 

le
ss

 b
y 

ag
in

g 
[2

].
 I

n 
m

ic
e,

 th
e 

si
ze

 o
f 

cr
ib

ri
fo

rm
 c

av
it

ie
s 

ar
e 

a 
fe

w
 h

un
dr

ed
 m

ic
ro

ns
 [3

].
  

O
ur

 c
om

pa
ny

 h
as

 d
ev

el
op

ed
 m

et
ho

ds
 o

f p
ro

pe
lli

ng
 d

ru
g-

lo
ad

ed
 m

ag
ne

ti
c 

pa
rt

ic
le

s 
th

ro
ug

h 
liv

in
g 

ti
ss

ue
s 

in
 v

iv
o.

 
E

xa
m

pl
es

 h
av

e 
in

cl
ud

ed
 th

e 
de

liv
er

y 
of

 c
an

ce
r-

fi
gh

ti
ng

 d
ru

gs
 in

to
 tu

m
or

s 
[4

] a
nd

 d
el

iv
er

y 
of

 m
ag

ne
ti

c 
na

no
pa

rt
ic

le
s 

in
to

 
th

e 
de

ns
e 

ar
ti

cu
la

r 
ca

rt
ila

ge
 w

it
h 

10
-n

m
-w

id
e 

po
re

s 
[5

].
  

N
as

al
 d

el
iv

er
y 

ex
pe

ri
m

en
ts

 w
er

e 
pe

rf
or

m
ed

 b
y 

us
in

g 
m

ul
ti

-s
eg

m
en

te
d 

na
no

 r
od

s 
of

 ir
on

 (A
u-

Fe
-A

u 
an

d 
A

u-
Fe

-A
u-

Fe
-A

u 
ro

ds
).

 T
he

 d
ia

m
et

er
 o

f r
od

s 
is

 2
50

 n
m

 a
nd

 th
ei

r 
le

ng
th

s 
ar

e 
1-

2 
m

ic
ro

ns
. T

w
o 

se
ts

 o
f t

ot
al

ly
 4

 H
el

m
ho

lt
z 

co
ils

 w
er

e 
us

ed
 to

 
ap

pl
y 

w
ig

gl
in

g 
m

ag
ne

ti
c 

fie
ld

 to
 p

ul
l a

nd
 r

ot
at

e 
th

e 
ro

ds
. N

dF
eB

 m
ag

ne
t w

as
 u

se
d 

to
 p

ro
vi

de
 a

 s
ta

ti
c 

m
ag

ne
ti

c 
fie

ld
 o

f 0
.8

 
T.

 T
he

 r
od

s 
w

er
e 

ad
m

in
is

te
re

d 
in

tr
a-

na
sa

lly
 in

 m
ou

se
 c

ad
av

er
s 

an
d 

de
liv

er
ed

 to
 th

e 
br

ai
n 

by
 a

pp
ly

in
g 

bo
th

 s
ta

ti
c 

an
d 

w
ig

gl
in

g 
m

ag
ne

ti
c 

fi
el

ds
. A

ft
er

 th
e 

m
ag

ne
ti

c 
ex

pe
ri

m
en

t w
as

 d
on

e,
 th

e 
w

ho
le

 b
ra

in
 w

as
 d

is
se

ct
ed

 a
nd

 o
bs

er
ve

d 
un

de
r 

op
ti

ca
l m

ic
ro

sc
op

e.
 T

he
 P

ru
ss

ia
n-

bl
ue

 s
ta

in
in

g 
ki

t w
as

 u
se

d 
to

 s
ta

in
 th

e 
ro

ds
. N

as
al

 m
ag

ne
ti

c 
de

liv
er

y 
w

as
 in

ve
st

ig
at

ed
 a

t 
va

ri
ou

s 
se

tt
in

gs
 o

f m
ag

ne
ti

c 
fie

ld
 (i

.e
. f

re
qu

en
ci

es
 o

f 1
00

-5
00

 H
z 

an
d 

cu
rr

en
ts

 o
f 1

-1
1 

am
ps

),
 ti

m
e 

du
ra

ti
on

s 
(2

0-
40

 
m

in
ut

es
),

 a
nd

 d
iff

er
en

t m
ag

ne
ti

c 
ro

ds
 lo

ad
in

gs
 to

 e
it

he
r 

pu
ll,

 r
ot

at
e 

or
 p

ul
l a

nd
 r

ot
at

e 
th

e 
ro

ds
. P

ul
lin

g 
an

d 
R

ot
at

in
g 

th
e 

ro
ds

 s
im

ul
ta

ne
ou

sl
y 

re
su

lt
ed

 in
 a

 n
ea

rl
y 

10
0 

ti
m

es
 in

cr
ea

se
 in

 d
el

iv
er

y 
of

 m
ag

ne
ti

c 
ro

ds
 to

 th
e 

br
ai

n 
as

 c
om

pa
re

d 
w

it
h 

no
 

m
ag

ne
ti

c 
fie

ld
 a

nd
 o

nl
y-

pu
lli

ng
 c

on
di

ti
on

s.
 T

he
 d

et
ai

le
d 

re
su

lt
s 

of
 n

as
al

 d
el

iv
er

y 
an

d 
a 

lo
w

-c
os

t c
om

pa
ct

 in
te

rv
en

ti
on

al
 

M
R

I 
sy

st
em

 th
at

 c
an

 im
ag

e,
 c

on
ce

nt
ra

te
, a

nd
 p

ro
pe

l t
he

 d
ru

g-
lo

ad
ed

 p
ar

ti
cl

es
 th

ro
ug

h 
th

e 
no

se
 to

 th
e 

cr
ib

ri
fo

rm
 p

la
te

 
an

d 
th

e 
br

ai
n 

w
ill

 b
e 

di
sc

us
se

d 
fu

rt
he

r 
du

ri
ng

 th
e 

pr
es

en
ta

ti
on

.  
   [1

] 
D

ju
pe

sl
an

d 
PG

 e
t a

l..
 "

Th
e 

na
sa

l a
pp

ro
ac

h 
to

 d
el

iv
er

in
g 

tr
ea

tm
en

t f
or

 b
ra

in
 d

is
ea

se
s:

 a
n 

an
at

om
ic

, p
hy

si
ol

og
ic

, a
nd

 d
el

iv
er

y 
te

ch
no

lo
gy

 
ov

er
vi

ew
".

 T
he

r 
D

el
iv

, v
ol

. 5
(6

),
 p

p.
 7

09
–

73
3,

20
14

. 

[2
] 

J.
 K

. K
al

m
ey

 e
t a

l.,
 “

A
ge

-r
el

at
ed

 s
iz

e 
re

du
ct

io
n 

of
 fo

ra
m

in
a 

in
 th

e 
cr

ib
ri

fo
rm

 p
la

te
,”

 A
na

t. 
R

ec
., 

vo
l. 

25
1,

 n
o.

 3
, p

p.
 3

26
–

32
9,

 J
ul

. 1
99

8.
 

[3
] 

Q
. M

a 
et

 a
l.,

 “
O

ut
flo

w
 o

f c
er

eb
ro

sp
in

al
 fl

ui
d 

is
 p

re
do

m
in

an
tly

 th
ro

ug
h 

ly
m

ph
at

ic
 v

es
se

ls
 a

nd
 is

 r
ed

uc
ed

 in
 a

ge
d 

m
ic

e,
” 

N
at

. C
om

m
un

., 
vo

l. 
8,

 
no

. 1
, p

. 1
43

4,
 D

ec
. 2

01
7.

 

[4
] 

L.
 O

. M
ai

r 
et

 a
l.,

 “
Si

ng
le

-H
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e 
M

ic
ro

sh
el

l P
ar

ti
cl

es
 fo

r 
Lo

ad
in

g 
Te

m
oz

ol
om

id
e,

” 
in

 I
E

E
E

 C
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fe
re

nc
e 

Pr
oc

ee
di

ng
s,

 S
pr

in
g 

20
14

 S
ym

po
si

um
: 

Fr
om

 L
ab

 to
 L

ife
: F

ie
ld

 B
as

ed
 A

pp
lic

at
io

ns
 o

f M
E

M
S 

&
 N

E
M

S,
 2

01
4,

 p
p.

 8
–

10
. 

[5
] 

S.
 J

af
ar

i e
t a

l.,
 “

M
ag

ne
ti

ca
lly

 ta
rg

et
ed

 d
el

iv
er

y 
th

ro
ug

h 
ca

rt
ila

ge
,”
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it.
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IP
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dv

., 
vo

l. 
8,

 2
01
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ss

ue
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) 
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nt

ro
l s

am
pl

e 
w

it
ho

ut
 a

pp
lic

at
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n 
of

 m
ag

ne
ti

c 
fie

ld
s,

 b
) p

ar
ti

cl
es

 w
er

e 
on

ly
 p

ul
le
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ra
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 p
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 d
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e 
qu

es
ti

on
 w

he
th

er
 th
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Poster Session I ‐ Wednesday, May 23, 2018
Magnetic Hyperthermia

1 Asin Laura Antitumoral effect of in vivo Magnetic Hyperthermia Spain

2 Avolio Matteo In‐gel study of the effect of magnetic nanoparticles immobilization on their heating efficiency for application in Magnetic Fluid Hyperthermia Italy

3 Gebauer Benjamin Magnetic nanoparticle assisted regional deep hyperthermia using a conventional radio wave hyperthermia system Germany

4 Bilici Kubra Investigation of the photothermal therapy potential of small iron oxide nanoparticles over the 730‐840 nm spectral region Turkey

5 Cabrera David Influence of the Intracellular Environment on the Dynamical Magnetic Response of Iron Oxide Nanoparticles England

6 Coïsson Marco Hysteresis losses and specific absorption rate measurements in magnetic nanoparticles for hyperthermia applications Italy

7 Cotin Geoffrey Shape matters! The role of shape anisotropy on iron oxide nanoparticles theranostic properties France

8 Engelmann Ulrich Heating of Magnetic Nanoparticles under Gradual Immobilization in Hydrogels Germany

9 Engelmann Ulrich Predicting Size‐Dependent Heating Properties of Magnetic Iron‐Oxide Nanoparticles from Experiment and Simulation Germany

10 Fernandez‐Gubieda Maria Luisa Magnetotactic bacteria as a therasnotic agents Spain

11 Gong Tianxing Development of Magnetic Nanoparticles‐Combined Bioceramic Bone Scaffolds for Bone Cancer Treatment China

12 Gutierrez Lucia A ROADMAP TO THE STANDARDIZATION OF IN VIVO MAGNETIC HYPERTHERMIA Spain

13 Ichiyanagi Yuko Functional Magnetic Nanoparticles for Diagnostics and Therapies Japan

14 Iszály Zsófi Functional Magnetic Nanoparticles for Diagnostics and Therapies Hungary

15 Johansson Christer Magnetic particle hyperthermia performance at different core sizes and magnetic interactions Sweden

16 Kaczmarek Katarzyna MAGNETO‐ULTRASONIC HEATING WITH NANOPARTICLES Poland

17 Konopacki Maciej Effect of rotating magnetic field on ferromagnetic structures used in hyperthermia Poland

18 Lemal Philipp Exploring the thermal behavior of superparamagnetic nanoparticles at high concentrations Switzerland

19 Makridis Antonios A standardization protocol for accurate and reliable  magnetic particle hyperthemia evaluation Greece

20 Mandal Goswami Madhuri Wetchemical synthesis of Fe/Pt nanoparticles: tuning of magnetic properties and biofunctionalization for hyperthermia therapy India

21 Maniotis Nikolaos Modeling the anisotropy effects on the specific loss power of ferromagnetic nanoparticles Greece

22 Muñoz David Checking the efficiency of magnetosomes in magnetic hyperthermia for cancer treatment Spain

23 Myrovali Eirini Regional Focus effect on Magnetic Particle Hyperthermia efficiency Greece

24 Orsi Davide A multi‐therapy strategy to treat deep tumors: Fe3O4 ‐ CeF3 ‐ ZnO nanostructures to combine Magnetic Hyperthermia and Self‐Lighted  Italy

25 de la Presa Patricia AC‐magnetometry and calorimetry on Fe3O4 and Fe2O3 nanoparticles Spain

26 Pieri Kayla Enhancing magnetic anisotropy with chained‐particle magnetic composites for nanoparticle hyperthermia United States

27 Riahi Kalthoum Evaluation of magnetic nano‐perovskites La0.7Sr0.3Mn1‐xBxO3 (B=Mo, Ti)   synthesized via GNP method for hyperthermia application Netherlands

28 Shah Saqlain Magneto‐photothermal effects of pegylated superparamagnetic iron‐oxide nanoparticles for multimodal cancer therapy Pakistan

29 Simsek Telem Magnetic and Magnetothermal Properties of Manganese Monoboride (MnB) Nanoparticles Turkey

30 Stergar Janja Mn‐Zn ferrite nanoparticles coated with mesoporous silica as core material for magnetically activated release of therapeutic agents Czech Republic

31 Anilkumar T S Dual Targeted Magnetic Photosensitive Liposome for Photothermal/Photodynamic Tumor Therapy Taiwan

32 Takemura Yasushi Enhanced specific loss power from Resovist achieved by aligning magnetic easy axes of nanoparticles for hyperthermia Japan

33 Rubia‐Rodriguez Irene In silico prediction of tissue damage and power deposition maps in human models for magnetic hyperthermia treatments Spain

34 Youhannayee Maryam Uptake of iron oxide nanoparticles of different prostate cancer cells Germany

Magnetic Drug Delivery
35 Beklemisheva Anna Ferromagnetic micro‐wires arrays for remote regulation of cell migration and focused drug delivery. Russia
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36 Berkov Dmitry Permanent magnet system for targeted drug delivery: an optimization methodology Germany

37 Bernad Sandor Drug targeting investigation in the critical region of the arterial bypass graft Romania

38 Bernad Sandor Hemodynamic effects on particle targeting in the arterial bifurcation for a different type of particles Romania

39 Blümler Peter Aggregation and Hydrodynamics of Superparamagnetic particles in Mag‐Guider systems Germany

40 De Debarati Synthesis and characterization of different types of manganese ferrite nanoparticles for drug release application India

41 Gonella Veronica Magnetic Drug Targeting: a preliminary numerical model Austria

42 Idiago López Javier Nucleic acid‐functionalized iron oxide nanoparticles for controlled drug release using magnetic hyperthermia Spain

43 Jose Gils Hyaluronic Acid Modified Bubble‐Generating Liposomes for Magnetically Triggered Targeted Chemotherapeutics Taiwan

44 Kong Seong Cardiac Myocyte targeted Drug Delivery using Magnetically vector nanoparticles Korea

45 Kotelnikova Polina Development of biocompatible nanoparticles modified with magnetite binding protein for cancer theranostics Russia

46 Kralj Slavko Partially hollow nanostructures for magnetically‐assisted drug delivery Slovenia

47 Latha Subbiah Chitosan‐Polyvinyl alcohol‐based pH‐sensitive ferrogel beads for magnetically localized mucoadhesive controlled drug delivery in GI tract India

48 Latha Subbiah Preparation and evaluation of magnetoliposomes co‐encapsulated with herbal extracts for magnetic targeted therapy of breast cancer India

49 Ménager Christine Magnetic Hyperthermia at the Nanoscale for Remotely Triggered Drug Delivery from Polymeric Nanocarriers France

50 Mirkasymov Aziz Mononuclear phagocyte system blockade, caused by the uptake of magnetic nanoparticles Russia

51 Ngo Sin‐Ting PEGylated Nanoparticle‐Induced Hypotensive Effects: Hemodynamic Mechanisms Taiwan

52 Pham Nguyen Iron oxide polymer nanorattles as nanocarriers for targeted tumor therapy Australia

53 Selvamani Palanisamy Polyvinyl alcohol‐based ferrogel system for magnetic field guided acid triggered delivery of omeprazole India

54 Shetty Aishwarya Development of Fe3O4‐CuS nanocomposite modified with Poly‐L‐Lysine for drug delivery and imaging India

55 Vlasova Kseniia Magnetically responsive liposomes for delivery and remote‐controlled release of high‐molecular compounds. Russia

56 Wei Haoran Experimental quantification of volume loss rate and flow dynamics due to a magnetically localized fluid region in a laboratory model blood  United States

57 Yu‐Jen Lu Cetuximab‐conjugated thermosensitive magnetic liposome for targeted delivery of Irinotecan in glioma treatment Taiwan

58 Zahn Diana Development of a magnetic field applicator for magnetic nanoparti‐cle targeting to the eye Germany

59 Zahn Diana Temperature controlled Camptothecin release from magnetic PLGA microspheres Germany

Analytical Methods
60 Bemetz Jonas Detection of Legionella pneumophila in Porous Monolithic Filter Systems by a Miniaturized Nuclear Magnetic Resonance System Germany

61 Dobroserdova Alla The Magnetic Response of Magnetoactive Elastomers via the FORCs Method Russia

62 Draack Sebastian Temperature dependence of harmonic spectra studied by Magnetic Particle Spectroscopy Germany

63 Elrefai Ahmed Magnetic Parameters Evaluation of Magnetic Nanoparticles for Use in Biomedical Applications Japan

65 Gutierrez Lucia Transformations of nanoparticles composition, size and aggregation followed by AC susceptibility Spain

66 Hillion Arnaud Mechanical performance of magnetic nanoparticle assemblies under low frequency rotating field France

67 Johansson Christer Nanorheological studies of xanthan/water solutions using magnetic nanoparticles Sweden

68 Kai Hua GoldMag®‐Magnetic Lateral Flow Immunoassay for NT‐proBNP Detection China

69 Löwa Norbert Novel platform for the multidimensional analysis of magnetic nanoparticles Germany

70 Mullerova Sindy Magnetic textile solid phase extraction of basic dyes Czech Republic

71 Radon Patricia Laboratory magnetorelaxometry device for characterization of magnetic nanoparticles Germany

72 Remmer Hilke Dynamics of magnetic nanoparticles in Newtonian and viscoelastic media Germany

74 Schober Gretchen Using Multimodal Phosphor Particles to Monitor Radiopharmaceutical Release and Accumulation in vivo United States

75 Viereck Thilo Multi‐spectral Magnetic Particle Spectroscopy for the investigation of particle mixtures and particle mobility Germany

76 Wegemann Andreas Automated Synthesis of Magnetic Nanoparticles and Process Monitoring by Nuclear Magnetic Relaxation Germany

Nanotechnology
77 Castellanos‐Rubio Idoia Inorganic‐Polymeric Microdisks Loaded with Ferromagnetic Nanoparticles for Long‐Term Cell Control Spain

78 Chandra Sudeshna Surfactant modulated interactions of magnetic nanoparticles with biomolecules: An insight through electrochemistry and surface‐enhanced  India

79 Chiriac Horia FeCrNbB Ferromagnetic Particles with Shape Anisotropy for Cancer Cell Destruction by Magneto‐Mechanical Actuation Romania

80 Das Arpita DNA engineered magnetically tuned cobalt ferrite for hyperthermia application India

81 Dmitry Zablotsky Self‐assembly of magnetic particles and rheology of their dispersions studied by numerical simulations Latvia

82 Emadi Masoomeh Synthesis of Magnetic Iron Oxide and Modified Iron Oxide Nanoparticles with Starch and Study of Their Effectiveness in the Separation of  Iran

83 Felder‐Flesch Delphine Mastering active targeting, alleviating unspecific cellular uptake and tailoring in vivo fate of USPIOs through a dendritic coating France

84 Gabbasov Raul Study of Brownian motion of Magnetic Nanoparticles in Viscous Media by Mössbauer spectroscopy Russia

85 Gapon Igor Ordering of magnetic nanoparticles on surfaces: neutron and x‐ray reflectometry data Russia

86 Garbarino Francesca Magnetic microbead sample handling integrated with  optomagnetic nanobead detection Denmark
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87 Gdovinova Veronika AFM and SANS studied on the interaction of magnetic nanoparticles with lysozyme amyloid fibrils Slovak Republic

88 Goetzfried Marisa Magneto‐functional DNA Nanostructures using Ferritin‐based Magnetic Nanoparticles Germany

89 Gorsak Tanja The magneto‐mechanical effect of barium‐hexaferrite nanoplatelets on cancer cells in low‐frequency magnetic field Slovenia

90 Hallali Nicolas Experimental setups for the low frequency rotating magnetic field approach in cancer treatment France

91 Ito Akira Magnetic Force‐Based Tissue Engineering of Skeletal Muscle Japan

92 Jiajia Sun Simulation of the Magnetophoresis of Magnetic Nanoparticles under Cylindrical Permanent Magnet Using Coupled Particle‐Fluid Model China

93 Kaiser Martin Directing the transport of active particles using magnetic nanoparticles in an applied field Austria

94 Kantorovich Sofia Effects of interparticle magnetic correlations on the ferrofluid dynamic response Austria

95 Knopke Christian Magnetic particle labelling of breast cancer cells for immunohistochemistry United States

96 Köçkar Hakan Statistical analyses on optimisation of high saturation magnetisation of iron nanoparticles synthesized from iron oxide by hydrogen reduction Turkey

97 Lachowicz Dorota Biodegradable and Highly Elastic Superparamagnetic Iron Oxide Nanoparticle Composite Hydrogels Poland

98 Liberti Paul Ferro‐phasing and Potential Uses United States

99 Majorosová Jozefína Study the stability of protein‐magnetic nanoparticle composite Slovakia

100 Maxim Veselov Enzymatic reaction management via Brownian relaxation of magnetic nanoparticles under low‐frequency magnetic field Russia

101 Minina Elena Microgels in computer simulations Austria

102 Mochalova Elizaveta Study of Magnetic Particle Interaction with Eukaryotic Cells Using Imaging Flow Cytometry, Scanning Electron Microscopy and MPQ‐Cytometry Russia

103 Novak Ekaterina The Influence of External Fields on the Self‐Assembly of Magnetic Janus Particles Russia

104 Petrenko Viktor Structure of magnetoferritin solutions and its impact on amyloid aggregates Russia

105 Prochazkova Jitka Magnetically modified electrospun nanotextile and its bioapplication Czech Republic

106 Pyanzina Elena Self‐assembly In Magnetic Filament Dispersions: Influence of Internal Parameters Russia

107 Ramos‐Docampo Miguel Magnetite‐coated polystyrene nanospheres as a potential platform for magnetic guidance applications Spain

108 Saha Priyanka Magnetic, electronic and optical properties of Zn doped Fe3O4 nano‐hollow spheres India

109 Shelat Ruchita Detailed toxicity evaluation of bio‐functionalized magnetic tracers with reduced signal loss using MPI India

110 Shi Zongqian Investigation on the Self‐assembly of Magnetic Nanoparticles under Soft‐Magnet Element by Using Discrete Element Method China

111 Shi Zongqian Experimental Analysis of the Magnetophoresis of Magnetic Nanoparticles under Permanent Magnet China

112 Simchi Abdolreza Development of a Superparamagnetic and Luminescence Ferrite@Quantum Dot System for Cellular Imaging Iran

113 Singh Pinki Development of Lumino‐Magnetic Iron Oxide Nanoparticles for Multimodal Applications India

114 Testa‐Anta Martín Synthetically‐driven enhancement of the magnetophoretic mobility of iron oxide nanocrystals Spain

115 Zhang Sinong Genotyping Platform Based on GoldMag Nanoparticles for Clinical Diagnostic Application China

Poster Session II ‐ Thursday, May 24, 2018
Nanoparticle Synthesis

116 Arregi Jon Ander Metamagnetic self‐assembled FeRh nanoparticles Czech Republic

117 Arsalani Soudabeh NRL‐coated magnetic Fe3O4 nanoparticle for MRI contrast enhancement Brazil

118 Baki Abdulkader Development of continuous synthesis of iron oxide nanoparticles as magnetic carriers for biomedical and clinical applications Germany

119 Balasoiu Maria Microstructural and magnetic properties of stable suspensions of CoxFe3‐xO4 magnetic nanoparticles for utilization in life sciences Romania

120 Balasoiu Maria Structural studies of Co and Cu‐doped ferrihydrite nanoparticles Russia

121 Begin‐Colin Sylvie Engineering of magnetic‐based nanoplatforms for theranostic France

122 Chanhom Padtaraporn Metalloporphyrins‐sensitized titania‐silica‐iron oxide nanocomposites with high photocatalytic and bactericidal activities under visible light  Thailand

123 Dutz Silvio Influence of sterilization and preservation procedures on the integrity of serum protein coated magnetic nanoparticles Germany

124 Fellows Benjamin Extended LaMer Synthesis of Nonstoichiometric Ferrites with Enhanced Magnetic Properties for Magnetic Hyperthermia United States

126 Fletcher Charlotte Design and Synthesis of Magnetic Nanocomposites to Probe Sub‐Cellular Behaviour England

127 Garcia David Synthesis of ferrite nanoparticles for biomedical applications Spain

128 Goloverda Galina Novel linkers for advanced magnetic materials to be used in medical theranostics United States

129 Guzmán Dulce Synthesis and characterization of magnetite with a biopolymer and gold nanoparticles for cancer treatment by hyperthermia Mexico

130 Hasirci Caner Properties of Superparamagnetic ZnFe2O4 Nanoparticles Synthesized by Hydrothermal Method Turkey

131 Hinrichs Stephan Synthesis and characterization of anisotropic magnetic nanoparticles for incorporation into thermoresponsive hydrogels Germany

132 Ibarrola Oihane NOCANTHER Design, development, optimization and scaling of MNPs for cancer therapy Spain

133 Insausti Maite Pd‐Fe Nanoparticles: Correlation between Magnetic Behaviour and Structural Composition Spain

134 Karaagac Oznur Properties of Superparamagnetic Cobalt Ferrite Nanoparticles Turkey

135 Khmara Iryna Chitosan stabilized iron oxide nanoparticles for MRI Slovakia
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136 Komissarova Lubov Working out the method to obtain monodisperse small‐size range magnetite nanoparticles for biomedical pur Russia

137 Kuzhir Pavel SYNTHESIS AND FUNCTIONALIZATION OF ROD‐LIKE IRON OXIDE NANOPARTICLES France

138 Lima Rodrigo Morphological control of Hematite magnetic nano‐carries using  chelating agents Denmark

139 Lucanska Dasa Targeting of carbonic anhydrase IX‐positive cancer cells by glycine coated superparamagnetic nanoparticles Slovakia

140 Lucht Niklas Magnetic Hydrogels and the Exploitation of the Silica Shell: A Novel Approach to Tune Magnetic Hydrogels Germany

141 Mefford Olin Continuous process for the synthesis of magnetite (Fe3O4) nanoparticles via thermal decomposition United States

142 Molcan Matus Heating properties of poly‐L‐lysine modified magnetic nanoparticles Slovakia

143 Morales Rafael Top‐down fabrication routes of biocompatible non‐isotropic nanoparticles in a magnetic vortex state Spain

144 Nikitin Aleksey Development and use of iron oxide nanoclusters in biomedicine Russia

145 Ozel Fatmahan Ascorbic acid and tartaric acid coated iron oxide nanoparticles obtained by hydrothermal method Turkey

146 Perton Francis Hierarchical clustering involving stellate mesoporous silica, iron oxide and quantum dots towards biocompatible theranostic magneto‐ France

147 Primozic Mateja Structural characterization of magnetic nanoparticles coated with dextran Slovenia

148 Saha Priyanka Magnetorheological effect using iron‐oxide nano‐hollow spheres India

149 Simeonidis Konstantinos MagnoTher: A Fully Inorganic Drug‐loaded Magnetic Hyperthermia Agent Greece

150 Simeonidis Konstantinos Upscaling the Production of Fe3O4 Nanoparticles in a Continuous‐flow Setup Greece

151 Sokolov Ilya Magnetic Metal‐Organic Framework Nanoparticles and Ferrihydrite Nanoagents for MRI‐Contrasting and Drug Delivery Russia

152 Tombácz Etelka Preparation of Graphene Oxide/Magnetite Nanocomposites: Mild Electrostatic vs. Harsh Chemical Routes Hungary

153 Tracy Joseph Heteroaggregation Approach for Depositing Magnetite Nanoparticles onto Silica‐Overcoated Gold Nanorods United States

155 Vasic Katja Effects of process parameters on ADH immobilized dextran coated magnetic nanoparticles Slovenia

156 Veintemillas‐VerdagueSabino Effect of the sodium polyacrylate on the magnetite nanoparticles produced by oxidative precipitation Spain

158 Veverka Pavel Rod‐like particles of silica‐coated magnetite: synthesis via akaganeite, characterization and biological properties Czech Republic

159 Zavisova Vlasta Effect of magnetic nanoparticle coating on cell proliferation and uptake Slovakia

Magnetic Imaging / MPI
160 Bakenecker Anna Manipulation of Magnetically Coated Swimmers Inside a Magnetic Particle Imaging Scanner Germany

161 Bleul Regina Microreaction technology as powerful synthesis platform (not only) for MPI tracer development Germany

162 Brero Francesca Magnetic nanoparticles: investigation of the effects of coating on the 1H‐NMR relaxation properties Italy

163 Coene Annelies Magnetic nanoparticles spying on their environment in magnetorelaxometry imaging Belgium

164 King Aaron Using Heparin‐mimics to Produce High Performance Stabilised Negative MRI Contrast Agents England

165 Grüttner Cordula Magnetic Particle Imaging for the Imaging and Treatment of Stroke Germany

166 Kosch Olaf Evaluation of a separate‐receive coil by magnetic particle imaging of a solid phantom Germany

167 Kosch Olaf Characterizing the Magnetic Particle Imaging Performance of Magnetic nanoparticles by Magnetic Particle Spectroscopy Germany

168 Kubícková Lenka Nanomagnets for MRI: Transverse relaxivity of Fe2O3 Czech Republic

169 Liebl Maik Speeding up magnetorelaxometry imaging of magnetic nanoparticle distributions using advanced excitation schemes Germany

170 Lin Yen‐Ling Effect of PEGylated Coating of Magnetic Nanoparticles on Renal Perfusion: Evaluation Using 7T DSC‐MRI in Rats Taiwan

171 Lüdtke‐Buzug Kerstin Hypotonic Swelling: A Method of Encapsulating Fluorescence‐Labeled SPIONs into Red Blood Cells for Magnetic Particle Imaging Germany

172 Mandal Kalyan Surface modified fluorescent transition metal oxide nanostructures for biomedical applications India

173 Mues Benedikt MRI Investigation of Magnetic Hybridmaterials for Implant Engineering Germany

174 Ota Satoshi Effects of size and anisotropy of magnetic nanoparticles associated with dynamics of easy axis for magnetic particle imaging Japan

175 Paysen Hendrik Complementary magnetic particle imaging and magnetic resonance imaging: Finding the right magnetic nanoparticle concentration range Germany

176 Polikarpov Mikhail Study of an Anisotropy of Magnetic Noise, Generated by Magnetic Particles in Geomagnetic Field Russia

177 Oberdick Samuel Microfabricated Magnetic Gel Composites as pH Sensitive Contrast Agents United States

178 Thanh Nguyen Assessing cell‐nanoparticle interactions by high content imaging of biocompatible iron oxide nanoparticles as potential contrast agents for MRI England

179 Unterweger Harald Highly biocompatible dextran‐coated superparamagnetic iron oxide nanoparticles for magnetic resonance imaging Germany

180 Wells James Magnetic nanoparticles in a gelatin matrix: A model system to study temperature dependent particle‐matrix interactions in MPI Germany

181 Wells James Temperature effects in quantitative magnetic particle imaging of ferucarbotran nanoparticles Germany

182 Wöckel Lucas Long‐term stable measurement phantoms for multimodal imaging of magnetic nanoparticles Germany

183 Zhong Jing Excitation frequency dependence of temperature resolution in magnetic nanoparticle temperature imaging with a scanning magnetic particle  Germany

Magnetic Separation
184 Achtsnicht Stefan Measurement of the magnetic movability of different superparamagnetic particles Germany

185 Emadi Asghar Phosphate modified magnetite nanoparticles for extraction and preconcentration of Zirconium in solution Iran

187 Hirota Noriyuki In‐situ orthogonal observation of particles deposition process on a ferromagnetic filter during high‐gradient magnetic separation process Japan
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188 Injumpa Wishulada Synthesis of peroxy‐functionalized magnetic mesoporous silica as recyclable oxidizing agents for epoxidation of alkenes Thailand

189 Kim James Label‐less separation of the magnetic biological entities through combination of numerical analysis and magnetic separator systems. United States

190 Kuznetsov Andrey Equilibrium magnetization and magnetophoretic mobility of a spherical cluster of single‐domain nanoparticles Russia

191 Moore Lee Continuous magnetic depletion of erythrocytes from whole blood with a quadrupole magnet and annular flow channel United States

192 Pividori María Isabel Interferon gamma transcript detection on T cells by combining three types of magnetic separation Spain

193 Pividori María Isabel Electrochemical biosensing of cancer exosomes in human serum based on magnetic separation Spain

194 Pividori María Isabel Magneto‐actuated rapid test for the detection of circulating tumor cells Spain

195 Salgueiriño Veronica Synthetically‐driven Assessment of Magnetic Properties of Nanocrystals and Nanostructures for Magnetic Separation Applications Spain

196 Samanta Abhishek Hydrodynamic Effect on Transport and Capture of Bio‐entities in a Magnetic Aqueous Two Phase System (ATPS) India

197 Steinhoff Uwe A standardised description of magnetic beads for DNA extraction Germany

198 Wei Xue Single cell magnetometry by magnetophoresis vs. bulk suspension magnetometry by SQUID‐MPMS United States

199 Yang Liangrong High Efficient Magnetic Solid Extraction for Heavey Metal Ions Removal China

Biological Applications
200 Antosova Andrea Tryptophan Functionalized Magnetic Nanoparticles inhibit Lysozyme Amyloid Fibrillization Slovakia

201 Bednarikova Zuzana Dextran‐coated nanoparticles as an inhibitor of lysozyme amyloid aggregation Slovakia

202 Belousov Andrey Discovery of New Antibacterial Mechanisms of Influence  of Magnetite Nanoparticles (MCS‐B) Russia

203 Bogart Lara On the structure‐driven functional properties of single‐core and multicore magnetic nanoparticles England

204 Cicha Iwona Magnetic targeting of SPIONs under arterial flow conditions: Ex vivo and in vivo feasibility Germany

205 Demut Johanna Nanoparticle‐cell interaction; Surface chemistry triggers inflammation response Germany

206 Dias Andre Micro‐patterning of hard magnetic films for MEMS France

207 Frénéa‐Robin Marie A new approach to isolate bacteria based on Magnetic In‐Situ Hybridization and Hybridization Chain Reaction France

208 Galisova Andrea Influence of magnetic nanoparticle coating on cell viability and uptake Czech Republic

209 Gigoux Véronique Combined  treatments  of  magnetic  intra‐lysosomal  hyperthermia  with  Doxorubicin  promotes synergistic anti‐tumoral activity France

210 Goiriena‐Goikoetxea Maite Magnetic vortex nanodiscs for intracellular cancer cell disruption United States

211 Gomes Manuela Magnetic particles as tools for the development of remotely actuated tissue engineered constructs for tendon tissue regeneration Portugal

212 Horák Daniel Antioxidant Polymer‐Modified Fe2O3 Nanoparticles for ROS Scavenging Czech Republic

213 Jankovic Drina Labeling of phosphates‐coated MNPs with yttrium‐90: a potential tumour treatment radiopharmaceuticals Serbia

214 Kappen Marie Probing Magnetogenetic Activation of hRas with MagIcS Nanoparticles Inside Living Cells Germany

215 Klein Stefanie NOBF4 coated Au‐Fe3O4‐Nanoparticles in radiation therapy: The benefit of combined generation of ROS and RNS Germany

216 Konopacka Anna The effect of the rotating magnetic field on bioethanol production by yeast strain immobilized on ferromagnetic nanoparticles Poland

217 Labusca Luminita Antitumor drug‐functionalized magnetic nanoparticles internalized by human adipose derived stem cells for in vitro tumour tissue‐like  Romania

218 Lee Gil Bio‐Nano‐Magnetic Materials for Localized Mechanochemical Stimulation of Cell Growth and Death Ireland

219 Liberti Paul External‐Gradient Ferrofluid‐Enabled Clinical‐Scale Cell Separator United States

220 Lu Yi‐Ching Gallate‐Induced Nanoparticle Uptake by Tumor Cells:  Structure‐Activity Relationship Taiwan

221 Makis Angelakeris Action of low‐frequency magnetic field modes  on magnetic nanoparticle environments Greece

222 Martín Gracia Beatriz Development of magnetic nanoimmunoconjugates for the fast and efficient isolation of tumoral exosomes Spain

223 Morel Robert Design of Magnetic Nanoparticles for Magneto‐mechanical Cancer Cells Destruction France

224 Moreno‐Antolín Eduardo Oriented functionalization of magnetic nanoparticles with cadherins Spain

225 Moros Maria Effect of Surface Chemistry and Associated Protein Corona on the Long‐Term Biodegradation of Iron Oxide Nanoparticles In Vivo Spain

226 Mühlberger Marina Functionalisation of T lymphocytes for magnetically controlled immune therapy Germany

227 Müller Elena Differential modes of interaction and passage of magnetic nanoparticles through an in vitro blood‐placenta model Germany

228 Paciotti Giulio Precision MRX®:  A Versatile Iron Oxide Nanoparticle Platform for the Clinical Diagnosis and Treatment of Cancer United States

229 Quini Caio Development of a protocol to assess cell internalization and tissue uptake of nanoparticles Brazil

230 Rahn Helene Development of a uniform phantom for quantification of magnetic nanocomposites in biological tissue for a cross‐calibration of X‐ray and MRI Germany

231 Rodponthukwaji Kamonlatth Facile Synthesis of Magnetic‐Silica‐Mannan Nanocomposites for  Enhancement in Internalization and Immune Response by Dendritic Cells Thailand

232 Saengruengrit Chalathan Synthesis of PDMAEMA‐Iron Oxide Nanocubes for Plasmid Gene Delivery into Dendritic Cells Thailand

233 Shevtsov Maxim Glioma‐specific targeting of SPIOS conjugated with cmHsp70.1monoclonal antibodies (SPION‐cmHsp70.1) is improved by ionizing radiation Russia

234 Spyridopoulou Katerina Magnetic manipulation of implanted cancer cells for the optimization of the standard syngeneic mouse tumor model Greece

235 Stanton Rhiannon Reducing  non‐specific binding on magnetic beads England

236 Steele Lindsay Magnetically‐Actuated Alginate Scaffolds: Effects on Macrophage Cytokine Secretion United States

237 Takashi Yoshida Effect of Viscosity on AC Magnetization of Magnetic Nanoparticles for different AC Excitation Field Japan
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238 Tomanek Boguslaw Molecular Magnetic Resonance Imaging of Cancer using Double Action Core/Shell Nanoparticles Canada

239 Tzirini Maria Numerical Investigation of Magnetic Nanoparticles Clearance from Blood Circulation Using Extracorporeal Magnets Greece

240 van de Loosdrecht Melissa Differential Magnetometry to detect sentinel lymph nodes in laparoscopic procedures: static results Netherlands

241 van de Loosdrecht Melissa Characterization of superparamagnetic iron oxide nanoparticles in biological environments Netherlands

242 Vranjes‐Djuric Sanja In vivo studies of phosphonate‐coated magnetic nanoparticles labeled with technetium‐99m Serbia

243 Wang Jian‐Ping Measuring Saturation Magnetizations of Superparamagnetic Nanoparticles from Liquid Phase United States

244 Yun Kyusik Surface Functionalized Magnetic Nanoparticles Shift Cell Behavior with On/Off Magnetic Fields Korea

245 Yurenya Anton Synthesis and Mossbauer study of the stability of 57Fe3O4 nanoprobes in living cells for probing the viscoelasticity of cytoplasm with  Russia

246 Zablotskii Vitalii Enhancement of Cytosolic Ca2+ Levels and Induction of Actin Polymerization in Skeletal Muscle Cells by Spatiotemporal Magnetic Fields Czech Republic

247 Zelepukin Ivan Influence of various properties of magnetic particles on their pharmacokinetic profile Russia

248 Zhejia Gu Solid Phase Multiplex PCR Based on Encoded Magnetic microbeads China

Biosensors
249 Hansen Mikkel Optomagnetic sensing and biosensing Denmark

250 Johansson Christer Development of a sensitive induction based magnetic nanoparticle biodetection method Sweden

251 Minero Gabriel Antonio Strategies for on‐chip DNA processing on magnetic microbeads Denmark

252 Nikitin Petr Ultrasensitive In Vitro Diagnostics Platform Based on High‐Affinity Magnetic Nanoprobes for Simultaneous Detection of Multiple Biomarkers Russia

253 Orlov Alexey Magnetic nanoparticles for detection of small molecules: synergetic combination of quantitative volumetric registration with  interferometric  Russia

254 Pividori María Isabel Rapid Diagnostic Test for Celiac Disease based on Deamidated Magnetic Peptide as a novel biomarker Spain

255 Sepehri Sobhan Stability of biofunctional magnetic nanoparticles in a microfluidic chip for sensitive detection of DNA/RNA viruses Sweden

256 Shevchenko Konstantin Development of self‐assembling system based on magnetic and gold nanoparticles for in situ monitoring of biomolecules Russia
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iá

n
,1

an
d

Is
tv

án
N

án
d

o
ri

1
,2

,3

1 U
ni

ve
rs

ity
of

D
eb

re
ce

n,
P.

O
.B

ox
10

5,
H

-4
01

0
D

eb
re

ce
n,

H
un

ga
ry

2 M
TA

-D
E

Pa
rt

ic
le

P
hy

si
cs

R
es

ea
rc

h
G

ro
up

,P
.O

.B
ox

51
,H

-4
00

1
D

eb
re

ce
n,

H
un

ga
ry

3 M
TA

A
to

m
ki

,
P.

O
.B

ox
51

,
H

-4
00

1
D

eb
re

ce
n,

H
un

ga
ry

A
p
o
ss

ib
le

w
ay

to
im

p
ro

v
e

th
e

ef
fi

ci
en

cy
o

f
m

ag
n
et

ic
n
an

o
p
ar

ti
cl

e-
b
as

ed
h
y
p
er

th
er

m
ia

fo
r

ca
n
ce

r
tr

ea
tm

en
t

is
to

ch
o

se
a

p
ro

p
er

ty
p

e
o

f
ap

p
li

ed
fi

el
d

,
e.

g
.,

a
ro

ta
ti

n
g

in
st

ea
d

o
f

an
o

sc
il

la
ti

n
g

o
n

e.
T

h
e

la
tt

er
ca

se
is

v
er

y
w

el
l

st
u
d
ie

d
an

d
th

er
e

is
an

in
cr

ea
si

n
g

in
te

re
st

in
th

e
li

te
ra

tu
re

to
in

v
es

ti
g
at

e
th

e
fo

rm
er

al
th

o
u
g
h

it
is

st
il

l
u

n
cl

ea
r

u
n

d
er

w
h

ic
h

ci
rc

u
m

st
an

ce
s

th
e

ro
ta

ti
n

g
ap

p
li

ed
fi

el
d

ca
n

b
e

m
o

re
fa

v
o

u
ra

b
le

th
an

th
e

o
sc

il
la

ti
n

g
o
n
e.

O
u
r

g
o
al

is
to

d
em

o
n
st

ra
te

th
at

th
e

ef
fi

ci
en

cy
o

f
m

ag
n
et

ic
h
y
p
er

th
er

m
ia

is
d
ra

st
ic

al
ly

in
cr

ea
se

d
b
y

th
e

co
m

b
in

at
io

n
o

f
a

st
at

ic
an

d
ro

ta
ti

n
g

ap
p

li
ed

fi
el

d
s

w
h

ic
h

h
as

g
re

at
im

p
o

rt
an

ce
si

n
ce

it
is

ea
sy

to
re

al
is

e
in

p
ra

ct
ic

e.
F

u
rt

h
er

m
o

re
,
o

u
r

p
ro

p
o

sa
l

fo
r

th
e

ap
p

li
ed

fi
el

d
ca

n
b

e
u

se
d

to
”s

u
p

er
-l

o
ca

li
se

”
th

e
h

ea
t

tr
an

sf
er

:
in

ca
se

o
f

an
in

h
o

m
o

g
en

eo
u

s
ap

p
li

ed
st

at
ic

fi
el

d
,
ti

ss
u

es
ar

e
h

ea
te

d
u

p
o

n
ly

w
h

er
e

th
e

m
ag

n
it

u
d

es
o

f
th

e
st

at
ic

an
d

ro
ta

ti
n

g
fi

el
d

s
re

ac
h

a
ce

rt
ai

n
re

q
u

ir
ed

ra
ti

o
.

h
t
t
p
s
:
/
/
a
r
x
i
v
.
o
r
g
/
a
b
s
/
1
7
0
6
.
0
7
4
2
6

F
IG

.
1

:
E

n
er

g
y

lo
ss

p
er

cy
cl

e
is

ev
al

u
at

ed
fo

r
is

o
tr

o
p

ic
n

an
o

p
ar

ti
cl

es
fo

r
th

e
fr

eq
u

en
cy

ω
=

0
.0
0
0
1
/
t 0

w
it

h
t 0

=
5
×

1
0
−
1
1
s

w
h

er
e

th
e

ap
p

li
ed

fi
el

d
is

a
co

m
b

in
at

io
n

o
f

a
ro

ta
ti

n
g

an
d

st
at

ic
o

n
es

.
It

h
as

a
sh

ar
p

p
ea

k
at
|b 0

|=
1

,
i.

e.
,

w
h

er
e

th
e

am
p

li
tu

d
e

o
f

th
e

st
at

ic
an

d
th

e
ro

ta
ti

n
g

fi
el

d
s

ar
e

eq
u

al
to

ea
ch

o
th

er
.

∗ E
le

ct
ro

n
ic

ad
d

re
ss

:
is

za
ly

.z
so

fi
a@

sc
ie

n
ce

.u
n

id
eb

.h
u

Po
st

er
 1

4



M
ag

ne
tic

 p
ar

tic
le

 h
yp

er
th

er
m

ia
 p

er
fo

rm
an

ce
 a

t d
iff

er
en

t c
or

e 
si

ze
s

an
d 

m
ag

ne
tic

 in
te

ra
ct

io
ns

C
hr

is
tia

n
Jo

na
ss

on
1 ,

V
in

ce
nt

 S
ch

al
le

r1 ,
L

un
jie

 Z
en

g2 , 
E

va
 O

ls
so

n2 ,
C

at
hr

in
e 

Fr
an

ds
en

3 ,
A

le
ja

nd
ra

 C
as

tr
o4 ,

L
ar

s N
ils

so
n4 ,

L
ar

a 
B

og
ar

t5 , 
Pa

ul
 S

ou
th

er
n5 ,

Q
ue

nt
in

 P
an

kh
ur

st
5 ,

Pu
er

to
 M

or
al

es
6 ,

C
hr

is
te

r
Jo

ha
ns

so
n1*

1
R

IS
E

 A
cr

eo
 A

B
, A

rv
id

 H
ed

va
ll

s 
B

ac
ke

 4
, G

öt
eb

or
g,

 S
w

ed
en

,2
C

ha
lm

er
s

un
iv

er
si

ty
 o

f 
te

ch
no

lo
gy

, G
öt

eb
or

g,
 S

w
ed

en
,

3
T

ec
hn

ic
al

 U
ni

ve
rs

it
y 

of
 D

en
m

ar
k,

L
yn

gb
y,

 D
en

m
ar

k4 ,
S

ol
ve

A
B

, L
un

d,
 S

w
ed

en
, 5

U
C

L
 H

ea
lt

hc
ar

e 
B

io
m

ag
ne

ti
cs

 
L

ab
or

at
or

y,
L

on
do

n,
 U

K
,6

In
st

it
ut

e 
of

 M
at

er
ia

l S
ci

en
ce

 o
f 

M
ad

ri
d 

(I
C

M
M

-C
S

IC
),

 M
ad

ri
d,

 S
pa

in
.

*E
-m

ai
l:

 c
hr

is
te

r.
jo

ha
ns

so
n@

ri
.s

e

Ir
on

 o
xi

de
 b

as
ed

 m
ag

ne
ti

c 
na

no
pa

rt
ic

le
s 

(M
N

P
s)

 c
an

 b
e 

fo
un

d 
in

 s
ev

er
al

 b
io

m
ed

ic
al

ap
pl

ic
at

io
ns

 s
uc

h 
as

 i
n 

th
e 

ar
ea

s 
of

 d
ia

gn
os

is
, 

ac
tu

at
io

n,
im

ag
in

g
an

d 
th

er
ap

y.
 O

ne
 i

nt
er

es
ti

ng
 a

nd
 p

ro
m

is
in

g 
in

-v
iv

o
M

N
P

 a
pp

li
ca

ti
on

 i
s 

m
ag

ne
ti

c 
hy

pe
rt

he
rm

ia
 f

or
 c

an
ce

r 
th

er
ap

y.
 F

or
 t

hi
s 

ap
pl

ic
at

io
n 

w
e 

ha
ve

 e
ar

li
er

 
sh

ow
ed

 t
ha

t 
th

e 
m

ag
ne

ti
c 

hy
pe

rt
he

rm
ia

 p
er

fo
rm

an
ce

 (
de

fi
ne

d 
by

 t
he

 I
L

P
 v

al
ue

),
 i

s 
cr

uc
ia

ll
y 

de
pe

nd
en

t 
on

 t
he

 m
ag

ne
ti

c 
co

re
-c

or
e 

in
te

ra
ct

io
ns

 i
n 

di
ff

er
en

t 
M

N
P

 s
ys

te
m

s 
[1

].
 T

he
 I

L
P

 s
ho

ul
d 

th
en

 b
e 

lo
w

er
 i

n 
m

ul
ti

-c
or

e 
M

N
P

 s
ys

te
m

s 
th

an
 c

om
pa

re
d 

to
 s

in
gl

e-
co

re
 M

N
P

 s
ys

te
m

s 
si

nc
e

th
e 

m
ag

ne
ti

c 
in

te
ra

ct
io

ns
 

in
cr

ea
se

 i
n 

a 
m

ul
ti

-c
or

e 
M

N
P

 s
ys

te
m

. 
 I

n 
a 

m
ul

ti
-c

or
e 

sy
st

em
 t

he
re

 i
s 

m
or

e 
th

an
 o

ne
m

ag
ne

ti
c 

co
re

 
po

si
ti

on
ed

 c
lo

se
 to

 e
ac

h 
ot

he
r 

th
at

 y
ie

ld
s 

m
ag

ne
ti

c 
co

re
-c

or
e 

in
te

ra
ct

io
ns

. T
o 

st
ud

y 
ho

w
 th

e 
in

te
ra

ct
io

ns
 

af
fe

ct
s 

IL
P

, 
M

N
P

 s
ys

te
m

s 
w

it
h 

si
ng

le
-c

or
e 

sy
st

em
 (

on
ly

 o
ne

 c
or

e 
pe

r 
pa

rt
ic

le
) 

an
d 

m
ul

ti
-c

or
e 

M
N

P
 

sy
st

em
s 

ca
n 

be
 

us
ed

. 
In

 
a 

re
ce

nt
 

E
U

 
pr

oj
ec

t 
(N

an
oM

ag
),

 
w

e 
ha

ve
 

st
ud

ie
d 

IL
P

 
va

lu
es

 
(b

ot
h 

ex
pe

ri
m

en
ta

ll
y 

an
d 

th
eo

re
ti

ca
ll

y)
 u

p 
to

 5
0

di
ff

er
en

t 
M

N
P

 s
ys

te
m

s 
(s

in
gl

e-
an

d 
m

ul
ti

-c
or

e 
M

N
P

 
sy

st
em

s 
w

it
h 

di
ff

er
en

t 
co

re
 s

iz
es

, c
or

e 
pa

ck
in

g 
fr

ac
ti

on
s 

an
d 

nu
m

be
r 

of
 c

or
es

 p
er

 p
ar

ti
cl

e)
. 

In
 f

ig
ur

e 
1 

be
lo

w
, 

w
e 

sh
ow

 e
xp

er
im

en
ta

l 
IL

P
 v

al
ue

s 
vs

 m
ea

n 
co

re
 d

ia
m

et
er

 o
f 

so
m

e 
se

le
ct

ed
 N

an
oM

ag
 M

N
P

 
sa

m
pl

es
 (

si
ng

le
-c

or
e 

M
N

P
s 

at
 c

or
e 

si
ze

s 
be

lo
w

 2
0 

nm
 a

nd
 m

ul
ti

-c
or

e 
M

N
P

s
w

it
h

a
fe

w
 n

um
be

rs
of

co
re

s 
pe

r
pa

rt
ic

le
, 

at
 c

or
e 

si
ze

s 
ab

ov
e 

20
 n

m
).

 I
n 

fi
gu

re
 1

 w
e 

al
so

 s
ho

w
 h

ow
 t

he
 e

xp
er

im
en

ta
l 

IL
P

 
co

rr
el

at
es

 w
ith

 A
C

S
 d

at
a 

an
d 

a 
no

n-
in

te
ra

ct
in

g 
IL

P
m

od
el

.
A

s 
ca

n 
be

 s
ee

n 
in

 f
ig

ur
e

1
th

er
e 

is
 a

 
m

ax
im

um
 i

n 
IL

P
 a

t 
ar

ou
nd

 2
0 

nm
. 

A
t 

th
e 

m
ax

im
um

 i
n 

IL
P

, 
th

er
e 

is
 a

ls
o 

a 
m

ax
im

um
 i

n 
th

e 
A

C
 

su
sc

ep
ti

bi
li

ty
 (

A
C

S
)

at
 c

on
st

an
t 

ex
ci

ta
ti

on
 f

re
qu

en
cy

 w
he

n
th

e
A

C
S 

da
ta

 a
re

no
rm

al
iz

ed
 t

o 
to

ta
l 

vo
lu

m
e

(o
r 

m
as

s)
of

 m
ag

ne
ti

c 
m

at
er

ia
l. 

W
e 

w
il

l f
ur

th
er

 c
or

re
la

te
 th

is
 r

es
ul

t w
it

h 
dy

na
m

ic
 M

on
te

-C
ar

lo
 

si
m

ul
at

io
ns

 (
in

cl
ud

in
g 

co
re

-c
or

e 
in

te
ra

ct
io

ns
).

0

0.
51

1.
52

2.
53

012345678

5
10

15
20

25
30

35

IL
P

 e
xp

IL
P

 m
od

el
AC

S

ILP (nHm
2
/kgFe)

Out-of-phase component (989 kHz)

M
ea

n 
co

re
 d

ia
m

et
er

 (n
m

)
F

ig
ur

e1
 (

re
d)

 E
xp

er
im

en
ta

l I
L

P 
da

ta
 d

et
er

m
in

ed
 f

ro
m

 S
A

R
/I

L
P 

an
al

ys
is

 (
fi

el
d 

am
pl

itu
de

 6
00

0 
A

/m
 a

t 
98

9 
kH

z)
,

(g
re

en
) 

A
C

S
da

ta
 (

im
ag

in
ar

y 
co

m
po

ne
nt

at
 9

89
 k

H
z)

no
rm

al
iz

ed
 to

 v
ol

um
e

m
ag

ne
ti

c 
m

at
er

ia
l,

(b
lu

e)
 c

al
cu

la
te

d 
IL

P
 v

al
ue

s 
us

in
g 

a 
no

n-
in

te
ra

ct
in

g
IL

P
m

od
el

.U
se

d 
M

N
P

 p
ar

am
et

er
s 

in
 t

he
 a

na
ly

si
s 

ar
e 

de
te

rm
in

ed
 f

ro
m

 T
E

M
,

M
 v

s 
H

 a
nd

 A
4F

 a
na

ly
si

s 
(e

.g
. c

or
e 

si
ze

 a
nd

 c
or

e 
si

ze
 d

is
tr

ib
ut

io
n,

sa
tu

ra
ti

on
 m

ag
ne

ti
za

ti
on

).

[1
] 

C
. B

la
nc

o-
A

nd
uj

ar
et

 a
l,

N
an

os
ca

le
, 2

01
5,

 7
, 1

76
8. Po

st
er

 1
5

M
A

G
N

E
T

O
-U

L
T

R
A

SO
N

IC
 H

E
A

T
IN

G
 W

IT
H

 N
A

N
O

PA
R

T
IC

L
E

S
K

at
ar

zy
na

 K
ac

zm
ar

ek
1,

* , A
rk

ad
iu

sz
 J

óz
ef

cz
ak

1 ,M
ila

n 
T

im
ko

2 ,
Ir

yn
a 

A
nt

al
2 ,T

om
as

z 
H

or
no

w
sk

i1

1 I
ns

ti
tu

te
 o

f 
A

co
us

ti
cs

, F
ac

ul
ty

 o
f 

P
hy

si
cs

, A
da

m
 M

ic
ki

ew
ic

z 
U

ni
ve

rs
it

y,
 U

m
ul

to
w

sk
a 

85
, 6

1-
61

4 
Po

zn
ań

, 
P

ol
an

d
2 In

sti
tu

te
 o

f E
xp

er
im

en
ta

l P
hy

sic
s, 

Sl
ov

ak
 A

ca
de

m
y 

of
 S

ci
en

ce
s, 

W
at

so
no

va
 4

7,
 K

oš
ic

e 
04

0 
01

, S
lo

va
ki

a
*e

-m
ai

l:
 k

at
ar

zy
na

.k
ac

zm
ar

ek
@

am
u.

ed
u.

pl

In
 m

ed
ic

in
e,

 a
 c

on
tr

ol
le

d 
in

cr
ea

se
 i

n 
te

m
pe

ra
tu

re
 u

p 
to

 4
1-

45
°C

, t
ha

t i
s 

to
 te

m
pe

ra
tu

re
s 

th
at

 e
xc

ee
d 

ph
ys

io
lo

gi
ca

l
va

lu
es

 o
f 3

6.
6°

C,
 is

 c
al

le
d 

hy
pe

rth
er

m
ia

.
H

yp
er

th
er

m
ia

 i
s 

a 
ve

ry
 p

ro
m

is
in

g 
an

ti
-c

an
ce

r 
m

ed
ic

al
 t

re
at

m
en

t. 
It

 i
nd

uc
es

 h
ea

t 
in

 c
an

ce
r 

ti
ss

ue
s 

w
hi

ch
 l

ea
ds

 t
o 

th
ei

r 
w

ea
ke

ni
ng

. 
W

ea
ke

n 
ce

ll
s 

ar
e 

th
er

ef
or

e 
m

or
e 

su
sc

ep
tib

le
 f

or
 o

th
er

 c
an

ce
r 

th
er

ap
ie

s 
lik

e 
ra

di
ot

he
ra

py
 o

r 
ch

em
ot

he
ra

py
. 

T
he

 t
em

pe
ra

tu
re

 i
nc

re
as

e 
in

 t
is

su
es

 c
an

 b
e 

in
du

ce
d 

by
 m

ea
ns

 o
f 

ul
tr

as
ou

nd
 w

av
es

 o
r 

al
te

rn
at

in
g 

m
ag

ne
ti

c 
fi

el
d.

 T
he

 e
ff

ic
ie

nc
y 

of
 u

ltr
as

ou
nd

 t
he

rm
ot

he
ra

py
 c

an
 b

e 
im

pr
ov

ed
 b

y 
us

in
g 

so
no

se
ns

it
iz

in
g 

m
at

er
ia

ls
. 

A
dd

iti
on

al
 s

ca
tt

er
in

g 
ca

us
ed

 b
y 

th
es

e 
so

-c
al

le
d 

so
no

se
ns

it
iz

er
s 

be
co

m
es

 t
he

 s
ou

rc
e 

of
 

su
pp

le
m

en
ta

ry
 u

ltr
as

ou
nd

 a
tt

en
ua

tio
n 

w
hi

ch
 c

on
se

qu
en

tl
y 

le
ad

s 
to

 i
nc

re
as

e 
in

 t
em

pe
ra

tu
re

. 
G

oo
d 

ca
nd

id
at

es
 f

or
 s

uc
h

m
at

er
ia

l 
ar

e 
m

ag
ne

ti
c 

na
no

pa
rt

ic
le

s.
 A

t 
th

e 
sa

m
e 

ti
m

e 
du

e 
to

 t
he

ir
 s

en
si

ti
vi

ty
 t

o 
m

ag
ne

ti
c 

fi
el

d 
th

ey
 a

re
 s

ou
rc

e 
of

 h
ea

t 
in

 t
he

 m
ag

ne
ti

c 
hy

pe
rt

he
rm

ia
.T

he
 n

ov
el

ty
 o

f 
ou

r 
re

se
ar

ch
 i

s 
to

 
co

m
bi

ne
m

ag
ne

ti
c 

hy
pe

rt
he

rm
ia

 
w

it
h 

fo
cu

se
d 

ul
tr

as
ou

nd
 

so
ni

ca
ti

on
. 

S
yn

er
ge

ti
c,

 
si

m
ul

ta
ne

ou
s 

in
te

ra
ct

io
n 

of
 b

ot
h 

th
er

m
al

 m
et

ho
ds

 c
on

tr
ib

ut
es

to
 a

 h
ig

he
r

te
m

pe
ra

tu
re

 i
nc

re
as

e 
th

an
 e

ith
er

 m
et

ho
d 

al
on

e 
or

 th
ei

r 
su

m
. 

F
ig

ur
e 

1.
 S

ch
em

at
ic

 il
lu

st
ra

ti
on

 o
f 

sy
ne

rg
et

ic
 th

er
m

al
 e

ff
ec

t a
ch

ie
ve

d 
by

 c
om

bi
na

ti
on

 o
f 

m
ag

ne
ti

c 
an

d 
fo

cu
se

d 
ul

tr
as

ou
nd

hy
pe

rt
he

rm
ia

.

T
he

 e
xp

er
im

en
ts

 a
re

pe
rf

or
m

ed
 u

si
ng

 u
lt

ra
so

un
d 

ph
an

to
m

s
th

at
 m

im
ic

 b
io

lo
gi

ca
l 

tis
su

es
 a

nd
 t

he
ir

 
ac

ou
st

ic
 p

ro
pe

rt
ie

s.
 A

dd
it

io
na

ll
y 

th
os

e
ph

an
to

m
s

ar
e

do
pe

d 
w

it
h 

m
ag

ne
ti

c 
na

no
pa

rt
ic

le
s.

 T
o 

in
ve

st
ig

at
e 

th
e 

sy
ne

rg
et

ic
 th

er
m

al
 e

ff
ec

t p
ha

nt
om

is
si

m
ul

ta
ne

ou
sl

y 
ir

ra
di

at
ed

 w
it

h 
th

e 
fo

cu
se

d 
ul

tr
as

on
ic

w
av

e 
an

d 
th

e 
al

te
rn

at
in

g 
m

ag
ne

ti
c 

fi
el

d.
 T

he
 t

he
rm

al
 e

ff
ec

t 
of

 m
ag

ne
ti

c 
hy

pe
rt

he
rm

ia
 w

ill
 b

e 
im

pr
ov

ed
 d

ue
 t

o 
ul

tr
as

ou
nd

 s
on

ic
at

io
n.

U
ltr

as
ou

nd
 i

m
pa

ct
sh

ou
ld

ac
tiv

at
e

B
ro

w
n 

th
er

m
al

 m
ec

ha
ni

sm
 r

es
po

ns
ib

le
 f

or
 

he
at

 g
en

er
at

io
n 

in
 m

ag
ne

ti
c 

hy
pe

rt
he

rm
ia

w
hi

ch
 in

 th
e 

ge
l p

ha
nt

om
is

bl
oc

ke
d.

T
he

 p
re

li
m

in
ar

y 
re

su
lts

 
on

 h
yp

er
th

er
m

ia
 o

f 
ou

r 
re

se
ar

ch
 g

ro
up

 h
av

e 
sh

ow
n 

th
at

 th
e 

sy
ne

rg
y 

of
 m

ag
ne

ti
c 

an
d 

ul
tr

as
on

ic
 h

ea
ti

ng
 

co
nf

ir
m

s 
th

e 
th

eo
re

ti
ca

l a
ss

um
pt

io
ns

 o
f 

ad
di

tio
na

l t
em

pe
ra

tu
re

 in
cr

ea
se

.

C
ou

pl
in

g 
of

 m
ag

ne
ti

c 
an

d 
ul

tr
as

on
ic

 h
yp

er
th

er
m

ia
 w

il
l 

le
ad

 t
o 

th
e 

po
ss

ib
il

it
y 

of
 a

 n
ew

, 
in

no
va

ti
ve

 
th

er
m

al
 m

et
ho

d.

Po
st

er
 1

6



E
ff

ec
t o

f r
ot

at
in

g 
m

ag
ne

tic
 fi

el
d 

on
 fe

rr
om

ag
ne

tic
 st

ru
ct

ur
es

 u
se

d 
in

 h
yp

er
th

er
m

ia
 

M
ac

ie
j K

on
op

ac
ki

1*
, M

ag
da

le
na

 J
ęd

rz
ej

cz
ak

-S
ili

ck
a2 , 

K
ar

ol
in

a 
U

rb
aś

1 ,
E

w
a 

M
ijo

w
sk

a1 , 
an

d 
R

af
ał

 R
ak

oc
zy

1

1
W

es
t 

P
om

er
an

ia
n 

U
ni

ve
rs

it
y 

of
 

T
ec

hn
ol

og
y,

 
S

zc
ze

ci
n,

 
F

ac
ul

ty
 

of
 

C
he

m
ic

al
 

T
ec

hn
ol

og
y 

an
d 

E
ng

in
ee

ri
ng

, P
ia

st
ów

 A
ve

nu
e 

42
, 7

1-
06

5,
 P

ol
an

d

2
W

es
t 

P
om

er
an

ia
n 

U
ni

ve
rs

it
y 

of
 

T
ec

hn
ol

og
y,

 
S

zc
ze

ci
n,

 
F

ac
ul

ty
 

of
 

B
io

te
ch

no
lo

gy
 

an
d 

A
ni

m
al

 
H

us
ba

nd
ry

, J
an

ic
ki

eg
o 

32
, 7

1-
27

0
S

zc
ze

ci
n,

 P
ol

an
d

*E
m

ai
l:

m
ko

no
pa

ck
i@

zu
t.e

du
.p

l P
ho

ne
: +

48
-9

1-
44

9-
41

-8
3

T
he

 m
ai

n 
tr

en
d 

in
 t

he
 m

ag
ne

ti
c 

hy
pe

rt
he

rm
ia

 r
es

ea
rc

h 
is

 f
oc

us
ed

on
 t

he
 p

ro
du

ct
io

n 
of

 b
io

co
m

pa
ti

bl
e 

m
ag

ne
ti

c 
m

at
er

ia
l t

ha
t e

xh
ib

its
 th

e 
be

st
 h

ea
ti

ng
 e

ff
ic

ie
nc

y.
 P

ra
ct

ic
al

ly
, h

ea
ti

ng
 o

f m
ag

ne
ti

c 
m

at
er

ia
l w

ith
 

th
e 

us
e 

of
 a

n 
al

te
rn

at
in

g 
m

ag
ne

ti
c 

fi
el

d 
is

 o
ft

en
 u

se
d 

to
 t

re
at

 t
is

su
es

 c
on

ta
ct

in
g 

ca
nc

er
 c

el
ls

.
Pr

ev
io

us
 

re
se

ar
ch

 h
as

 e
st

ab
li

sh
ed

 th
at

 a
 r

ot
at

in
g 

m
ag

ne
ti

c 
fi

el
d 

ge
ne

ra
te

s 
m

or
e 

he
at

 in
 th

e 
m

ag
ne

ti
c 

sy
st

em
s 

w
it

h 
na

no
pa

rt
ic

le
s 

[B
ek

ov
ic

 e
t a

l.,
 J

 M
ag

n 
M

ag
n 

M
at

er
 3

55
 (

20
14

) 
12

-1
7]

. 

In
 th
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 d

at
e,

 
ve

ry
 

fe
w

 
st

ud
ie

s 
ar

e 
in

ve
st

ig
at

in
g 

th
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ad
io

lo
gy

, B
er

lin
, G

er
m

an
y

Em
ai

l: 
H

en
dr

ik
.p

ay
se

n@
pt

b.
de

M
ag

ne
tic

 n
an

op
ar

tic
le

s 
(M

N
P

)
co

m
pr

is
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ra
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 b
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 c
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 m
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 p
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, m
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 b
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at
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 b
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.F
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-e

ch
o

(M
S

E
)

se
qu

en
ce

 w
er

e 
us

ed
 to

 r
ec

or
d 

th
e 

si
gn

al
 d

ec
ay

 o
ve

r 
ti

m
e.

 T
he

 to
ta

l m
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 d
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ac

te
d 

fr
om

 t
he

 s
pe

ct
ru

m
/i

m
ag

e
an

d 
ar

e 
di

sp
la

ye
d 

in
F

ig
 1

b.
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R
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 l
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at
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ra
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 c
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 p

ro
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 o
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y d
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 d
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pr
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 m
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m
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y p
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 m
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l p
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 d
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 d
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 m
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so
lu

tio
n 

3D
-p

rin
te

d 
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 d
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l f
lo

w
s,

 w
hi
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 d
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 p
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 d
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, b
eg

in
.  F
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 b
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ro
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 p
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 m
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 b
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at
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 o
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 b
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 c
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a 
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cè
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t d
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m
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itu
te

 o
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io
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m
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in
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23
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ai

l: 
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b.
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t 
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te
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-
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s 
a 

pr
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m
m
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y 
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d 
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 p

ro
du
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n 
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ec
tiv

e 
ho
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 d

ef
en
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nt
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er
ef
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e 
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rf
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on
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 c
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de
re

d 
a 
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od

 b
io

m
ar

ke
r 
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r 

in
tra

ce
llu

la
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fe

ct
io

ns
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. B
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e 
th
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, i

t i
s 
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l 
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r 
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e 
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m
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m
en

t 
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n 
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 d
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 p
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 c
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 c
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at
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at
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 p
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 p
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at
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ra
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 p
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 b
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R
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ra
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 c
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 p
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x 

el
ec

tro
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 m
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 p
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f c
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 b
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 b
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 f
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l b
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y 
fo

r 
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so

 f
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 p
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 m
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r 
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e 
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 o
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ra
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hi
ch

 a
re

 c
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e 
st
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 d
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c 
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g 

ca
nc

er
 [

2]
. T

he
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w
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g 
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 f
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 c
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ci
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w
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w
 c
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 b
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m
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eg
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 f
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 c
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, b
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ra
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 c
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 o
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m
or

ph
ol

og
ic

al
 c

ha
ng

e 
bu

t a
ls

o 
ac

tiv
el

y 
in

te
ra

ct
 w

ith
 th

ei
r p

hy
si

ca
l e

nv
iro

nm
en

t t
hr

ou
gh

 
m

ot
ili

ty
 a

nd
 a

dh
es

io
n-

re
la

te
d 

pa
th

w
ay

s.
 T

he
 m

os
t s

tra
ig

ht
fo

rw
ar

d 
ap

pr
oa

ch
 to

 tr
an

sl
at

e 
th

is
 in

to
 th

e 
cl

in
ic

 w
ou

ld
 a

pp
ea

r t
o 

be
 to

 in
te

rfe
re

 w
ith

 th
es

e 
cr

iti
ca

l m
ec

ha
ni

ca
l p

ro
ce

ss
es

 
to

 b
lo

ck
 m

et
as

ta
si

s.
  A

n 
al

te
rn

at
iv

e 
ap

pr
oa

ch
 w

ou
ld

 b
e 

to
 u

se
 m

ec
ha

ni
ca

l s
tim

ul
at

io
n 

to
 

se
le

ct
iv

el
y 

ki
ll 

tu
m

or
s 

an
d 

ci
rc

ul
at

in
g 

tu
m

or
 c

el
ls

. T
hi

s 
co

ul
d 

be
 a

ch
ie

ve
d 

ei
th

er
 th

ro
ug

h 
da

m
ag

in
g 

th
e 

ta
rg

et
 c

el
l’s

 m
em

br
an

e 
or

 it
s 

in
tra

ce
llu

la
r s

tru
ct

ur
es

, o
r t

hr
ou

gh
 a

ct
iv

at
in

g 
se

le
ct

 m
ec

ha
no

tra
ns

du
ct

io
n 

pa
th

w
ay

s 
to

 in
du

ce
 c

el
l d

ea
th

. A
no

th
er

 a
re

a 
w

he
re

 m
ec

ha
ni

-
ca

l f
or

ce
 m

ay
 in

du
ce

 a
 th

er
ap

eu
tic

 e
ffe

ct
 is

 c
hr

on
ic

 s
pi

na
l c

or
d 

in
ju

ry
, w

he
re

 th
e 

gl
ia

l s
ca

r 
tis

su
e 

th
at

 fo
rm

s 
af

te
r t

he
 in

ju
ry

 p
os

es
 n

ot
 o

nl
y 

a 
ph

ys
ic

al
 b

ar
rie

r f
or

 re
ge

ne
ra

tin
g 

ne
ur

on
s 

bu
t a

ls
o 

se
cr

et
es

 re
pu

ls
iv

e 
fa

ct
or

s 
th

at
 in

hi
bi

t a
xo

n 
el

on
ga

tio
n.

 Im
po

rta
nt

ly,
 e

xt
er

na
l m

e-
ch

an
ic

al
 s

tre
tc

h 
ha

s 
be

en
 s

ho
w

n 
to

 e
nh

an
ce

 a
xo

n 
el

on
ga

tio
n 

un
de

r c
on

tro
l c

on
di

tio
ns

 [2
] 

an
d 

ag
ai

ns
t c

on
ce

nt
ra

tio
n 

gr
ad

ie
nt

s 
of

 k
no

w
n 

ax
on

 re
pe

lle
nt

s.
[1

a]
 T

hu
s,

 s
tre

tc
h 

gr
ow

th
 o

f 
re

ge
ne

ra
tin

g 
ax

on
s 

th
ro

ug
h 

re
gi

on
s 

of
 lo

w
 p

er
m

is
si

vi
ty

 m
ay

 c
om

pl
em

en
t e

xi
st

in
g 

th
er

a-
pe

ut
ic

 a
pp

ro
ac

he
s 

af
te

r s
pi

na
l c

or
d 

in
ju

ry
, s

uc
h 

as
 e

ng
in

ee
re

d 
bi

om
at

er
ia

l s
ca

ffo
ld

s,
 c

el
l 

tra
ns

pl
an

ta
tio

n,
 a

nd
 lo

ca
l d

el
iv

er
y 

of
 n

eu
ro

tro
ph

ic
 fa

ct
or

s.
 T

o 
th

is
 e

nd
, d

el
iv

er
in

g 
su

ffi
ci

en
t 

fo
rc

e 
to

 a
xo

na
l g

ro
w

th
 c

on
es

 in
 v

iv
o 

ap
pe

ar
s 

to
 b

e 
a 

ch
al

le
ng

e 
to

 o
ve

rc
om

e.
 Id

ea
lly

, t
hi

s 
w

ou
ld

 b
e 

ac
hi

ev
ed

 n
on

-in
va

si
ve

ly,
 s

in
ce

 a
 v

er
y 

lo
ng

 th
er

ap
y 

pe
rio

d 
m

ay
 b

e 
re

qu
ire

d 
de

-
pe

nd
in

g 
on

 in
ju

ry
 s

ev
er

ity
. 

R
es

ul
ts

: I
n 

th
is

 p
ap

er
 w

e 
ex

am
in

e 
th

e 
ad

va
nc

es
 th

at
 h

av
e 

be
en

 m
ad

e 
in

 b
io

-p
ol

ym
er

-
m

ag
ne

tic
 n

an
op

ar
tic

le
 s

yn
th

es
is

 th
at

 h
av

e 
m

ad
e 

it 
po

ss
ib

le
 to

 ta
rg

et
 s

pe
ci

fic
 re

ce
pt

or
s 

on
 

ce
lls

 a
nd

 tr
an

sd
uc

e 
si

gn
ifi

ca
nt

 le
ve

ls
 o

f f
or

ce
 to

 th
em

. 

Fi
gu

re
 1

. (
be

lo
w

) 
E

xa
m

pl
e 

of
 m

ec
ha

ni
ca

lly
-in

du
ce

d 
ca

nc
er

 c
el

l d
ea

th
 in

 v
itr

o.
 S

ch
em

at
ic

 o
f 

M
C

F7
 b

re
as

t 
ca

nc
er

 c
el

ls
 ta

rg
et

ed
 w

ith
 F

eA
u 

co
m

po
si

te
 n

an
or

od
s 

th
at

 a
re

 ti
p-

fu
nc

tio
na

liz
ed

 w
ith

 H
er

eg
ul

in
 (

H
R

G
). 

P
er

i-
od

ic
 p

ul
lin

g 
of

 E
rb

B
3 

re
ce

pt
or

 c
au

se
d 

2.
4-

fo
ld

 in
cr

ea
se

 in
 E

rk
 p

ho
sp

ho
ry

la
tio

n,
 w

hi
ch

, w
he

n 
co

m
bi

ne
d 

w
ith

 
lo

w
 d

os
e 

B
-R

af
 in

hi
bi

tio
n 

re
su

lts
 in

 1
5-

fo
ld

 in
cr

ea
se

 in
 c

el
l d

ea
th

. (
To

p,
le

ft)
 P

ha
se

 c
on

tra
st

 im
ag

es
 o

f M
C

F7
 

ce
lls

 ta
rg

et
ed

 w
ith

 H
R

G
-c

on
ju

ga
te

d 
na

no
ro

ds
. (

B
ot

to
m

,le
ft)

  E
R

K
 a

nd
 p

E
R

K
 im

m
un

of
lu

or
es

ce
nc

e 
im

ag
es

 o
f 

th
e 

sa
m

e 
re

gi
on

s.
 C

ol
or

 im
ag

es
 a

re
 o

ve
rla

ys
 o

f 
E

R
K

 (
re

d)
 a

nd
 p

E
R

K
 (

gr
ee

n)
. 

(R
ig

ht
) 

M
C

F7
 c

el
l d

ea
th

 in
 

re
sp

on
se

 to
 s

pe
ci

fic
 ta

rg
et

in
g 

an
d 

m
ec

ha
ni

ca
l s

tim
ul

at
io

n 
co

m
bi

ne
d 

w
ith

 B
-R

af
 in

hi
bi

tio
n.

 F
ro

m
 [1

b]
. 
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W
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1  D
ep

ar
tm

en
t o

f P
hy

si
ol

og
y 

an
d 

Ph
ar

m
ac

ol
og

y,
 C

ha
ng

 G
un

g 
U

ni
ve

rs
ity

, G
ui

sh
an

, T
ao

yu
an

 C
ity

, T
ai

w
an

, R
O

C
 

2  C
ol

le
ge

 o
f P

ha
rm

ac
y,

 T
ai

pe
i M

ed
ic

al
 U

ni
ve

rs
ity

, T
ai

pe
i C

ity
, T

ai
w

an
, R

O
C

 
3 D

ep
ar

tm
en

t o
f N

eu
ro

lo
gy

, C
ha

ng
 G

un
g 

M
em

or
ia

l H
os

pi
ta

l, 
G

ui
sh

an
, T

ao
yu

an
 C

ity
, T

ai
w

an
, R

O
C

 
* 

E-
m

ai
l t

o 
Y

H
M

 y
hm

a@
m

ai
l.c

gu
.e

du
.tw

; J
W

 jd
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32
@

tm
u.

ed
u.

tw
 

 
Su

rf
ac

e 
m

od
ifi

ca
tio

n 
of

 n
an

op
ar

tic
le

s 
m

ay
 im

pa
ct
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n 

na
no

pa
rti

cl
e-

ce
ll 

in
te

ra
ct

io
n 

an
d 

th
us

 t
he

 c
on

se
qu

en
t 

bi
ol

og
ic

al
 e

ffe
ct

s;
 p

he
no

lic
–n

an
oc

on
ju

ga
te

s 
ha

ve
 b

ee
n 

sh
ow

n 
to

 
ex

er
t 

po
te

nt
ia

l 
an

ti-
tu

m
or

 e
ffe

ct
s. 

O
ur

 p
re

vi
ou

s 
st

ud
y 

de
m

on
st

ra
te

d 
th

at
 t

ea
 c

at
ec

hi
ns

 
si

gn
ifi

ca
nt

ly
 e

nh
an

ce
d 

ce
llu

la
r u

pt
ak

e 
of

 m
ag

ne
tic

 n
an

op
ar

tic
le

s 
(M

N
Ps

). 
In

 th
e 

cu
rr

en
t 

st
ud

y,
 w

e 
as

ke
d 

w
he

th
er

 th
e 

tri
hy

dr
ox

y 
be

nz
en

e 
st

ru
ct

ur
e,

 su
ch

 a
s g

al
la

te
, m

ay
 a

ct
 a

s t
he

 
ph

ar
m

ac
op

ho
re

 in
 th

e 
en

ha
nc

em
en

t e
ffe

ct
s o

f M
N

P-
ce

ll 
in

te
ra

ct
io

n.
  

U
si

ng
 c

on
fo

ca
l 

m
ic

ro
sc

op
y,

 c
o-

ad
m

in
is

tra
tio

n 
of

 m
et

hy
l 

ga
lla

te
 a

nd
 d

ex
tra

n-
co

at
ed

 
M

N
Ps

 i
n 

gl
io

m
a 

ce
lls

 i
nd

uc
ed

 c
o-

lo
ca

liz
at

io
n 

of
 i

nt
er

na
liz

ed
 M

N
Ps

 a
nd

 l
ys

os
om

es
. 

U
si

ng
 a

 c
ol

or
im

et
ric

 ir
on

 a
ss

ay
, c

el
l-a

ss
oc

ia
te

d 
M

N
Ps

 (M
N

P c
el

l) 
w

er
e 

qu
an

tit
at

ed
, w

hi
ch

 
w

as
 i

nc
re

as
ed

 b
y 

1.
2-

5.
4 

fo
ld

 i
n 

re
sp

on
se

 t
o 

ga
lli

c 
ac

id
 o

r 
m

et
hy

l 
ga

lla
te

 i
n 

a 
co

nc
en

tra
tio

n-
de

pe
nd

en
t m

an
ne

r. 
Th

e 
ap

pl
ic

at
io

n 
of

 m
ag

ne
tic

 fi
el

d 
ex

er
te

d 
a 

sy
ne

rg
is

tic
 

ef
fe

ct
 o

n 
M

N
P c

el
l, w

hi
ch

 w
as

 in
cr

ea
se

d 
by

 1
.5

-3
.8

 fo
ld

 in
 re

sp
on

se
 to

 g
al

lic
 ac

id
 o

r m
et

hy
l 

ga
lla

te
. F

ig
ur

e 
1 

sh
ow

s 
th

at
 th

e 
es

te
r (

2&
3)

 a
nd

 a
m

id
e 

(4
) d

er
iv

at
iv

es
 o

f g
al

la
te

 e
xe

rte
d 

si
gn

ifi
ca

nt
ly

 h
ig

he
r i

nt
er

na
liz

at
io

n 
ef

fe
ct

s t
ha

n 
ga

lli
c a

ci
d 

(1
), 

w
hi

ch
 is

 fu
rth

er
 p

ot
en

tia
te

d 
by

 a
pp

lic
at

io
n 

of
 m

ag
ne

tic
 fo

rc
e.

 In
 a

dd
iti

on
, b

lo
ck

ad
e 

or
 re

du
ce

d 
nu

m
be

r o
f h

yd
ro

xy
l 

gr
ou

ps
 r

en
de

re
d 

th
es

e 
co

m
po

un
ds

 l
es

s 
ef

fe
ct

iv
e,

 w
hi

ch
 w

as
 n

ot
 d

ue
 t

o 
in

du
ct

io
n 

of
 

cy
to

to
xi

ci
ty

. S
im

ila
r s

tru
ct

ur
e-

ac
tiv

ity
 re

la
tio

ns
hi

p 
on

 th
e 

an
tio

xi
da

nt
 a

ct
iv

iti
es

 w
as

 a
ls

o 
ob

se
rv

ed
. 

O
ur

 r
es

ul
ts

 m
ay

 p
ro

vi
de

 p
iv

ot
al

 i
nf

or
m

at
io

n 
fo

r 
th

er
an

os
tic

 a
pp

lic
at

io
n 

of
 

ga
lla

te
s b

y 
fa

ci
lit

at
in

g 
na

no
pa

rti
cl

e-
ce

ll 
in

te
ra

ct
io

n 
an

d 
in

te
rn

al
iz

at
io

n 
by

 tu
m

or
 c

el
ls

. 

 Fi
gu

re
 1

. S
tr

uc
tu

re
-a

ct
iv

ity
 r

el
at

io
ns

hi
p 

of
 g

al
la

te
 d

er
iv

at
iv

es
 o

n 
M

N
P c

el
l. 

 L
N

-2
29

 c
el

ls
 

w
er

e 
in

cu
ba

te
d 

w
ith

 M
N

Ps
 (1

00
 μ

g/
m

L)
 a

nd
 v

ar
io

us
 g

al
la

te
 d

er
iv

at
iv

es
 a

t 1
0 
μM

 fo
r 2

4 
h 

in
 th

e 
pr

es
en

ce
 (+

) o
r a

bs
en

ce
 (-

) o
f t

he
 m

ag
ne

t (
M

ag
). *

, †
, §

, P
<0

.0
5 

co
m

pa
re

d 
w

ith
 th

e 
co

rr
es

po
nd

in
g 

ve
hi

cl
e 

(v
) g

ro
up

s, 
ga

lla
te

 d
er

iv
at

iv
es

 (1
) o

r (
2)

, r
es

pe
ct

iv
el

y.
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A
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io
n 

of
 lo

w
-f

re
qu

en
cy
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ag

ne
tic

 fi
el

d 
m

od
es

 

on
 m

ag
ne

tic
 n

an
op

ar
tic

le
 e

nv
ir

on
m

en
ts

A
. M

ak
ri

di
s1 ,

E
. M

yr
ov

al
i1 ,

D
. S

ak
el

la
ri

1 ,
M

. A
ng

el
ak

er
is

1

1 D
ep

ar
tm

en
t o

f P
hy

si
cs

, A
ri

st
ot

le
 U

ni
ve

rs
ity

 o
f T

he
ss

al
on

ik
i, 

54
12

4 
Th

es
sa

lo
ni

ki
, G

re
ec

e
e-

m
ai

l: 
ag

el
ak

er
@

au
th

.g
r

T
he

 in
te

ra
ct

io
n

of
 a

lt
er

na
tin

g,
 s

ta
ti

c 
or

 r
ot

at
in

g 
m

ag
ne

ti
c 

fi
el

d 
m

od
es

w
it

h 
m

ag
ne

ti
c 

na
no

pa
rt

ic
le

s 
(M

N
Ps

) 
al

lo
w

s 
tr

an
sf

or
m

at
io

n 
of

 e
le

ct
ro

m
ag

ne
ti

c 
to

 m
ec

ha
ni

ca
l e

ne
rg

y.
 T

hu
s,

 th
is

 o
pt

io
n 

re
nd

er
s 

m
ag

ne
ti

c 
na

no
pa

rt
ic

le
s 

us
ef

ul
 in

 b
io

m
ed

ic
al

 r
es

ea
rc

h,
 p

ro
vi

de
d 

th
ey

 a
re

 p
ro

pe
rl

y 
fu

nc
ti

on
al

iz
ed

to
 

bi
nd

 to
 m

al
ig

na
nt

 c
el

l m
em

br
an

es
 o

r 
ev

en
 in

te
rn

al
iz

e 
w

it
hi

n 
bi

ol
og

ic
al

 e
nt

iti
es

an
d 

in
cu

r 
da

m
ag

es
 

by
 e

xe
rt

in
g 

m
ag

ne
to

-m
ec

ha
ni

ca
l s

tr
es

se
s.

[1
]S

uc
h

m
ul

tim
od

al
 fi

el
ds

,m
ay

 b
e 

ro
ut

in
el

y 
ap

pl
ie

d 
w

ith
 

a 
no

ve
l 

m
ag

ne
to

-m
ec

ha
ni

ca
l 

de
vi

ce
,

w
hi

ch
 

w
as

de
si

gn
ed

, 
m

an
uf

ac
tu

re
d 

an
d 

th
or

ou
gh

ly
 

ch
ar

ac
te

ri
ze

d 
in

 t
er

m
s 

of
 f

ie
ld

 p
ar

am
et

er
s 

an
d 

M
N

P
s 

pr
op

er
tie

s.
[2

]
S

uc
h 

a 
de

vi
ce

 m
ay

 b
e 

fu
rt

he
r 

im
pl

em
en

te
d,

 a
s 

a 
ve

rs
at

ile
 m

ag
ne

ti
c 

fo
rc

e 
pe

rf
or

m
er

, 
on

 c
el

lu
la

r 
en

vi
ro

nm
en

ts
, 

w
he

re
 t

he
 

m
ag

ne
ti

c 
na

no
pa

rt
ic

le
s,

 
fo

ll
ow

in
g 

ex
te

rn
al

 
m

ag
ne

ti
c 

fi
el

d 
va

ri
at

io
ns

, 
m

ay
 

ig
ni

te
 

ce
llu

la
r 

pr
oc

es
se

s.
[3

]
D

if
fe

re
nt

 g
ro

w
th

 m
od

es
 w

er
e 

ob
se

rv
ed

, w
it

h 
re

sp
ec

t t
o 

sp
ec

if
ic

 c
an

ce
r 

ce
ll

 li
ne

s
an

d 
fi

el
d 

pa
ra

m
et

er
s,

 f
or

 c
el

ls
 in

cu
ba

te
d 

w
ith

M
N

P
s

an
d

ex
po

se
d 

to
 e

it
he

r 
st

at
ic

, r
ot

at
in

g
or

 a
lt

er
na

ti
ng

 
lo

w
 f

re
qu

en
cy

 m
ag

ne
ti

c 
fi

el
ds

 (
40

-2
00

 m
T

,
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w
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m
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m
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za
ti
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iu
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 d

is
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n 

m
ag

ne
t 
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d 
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d 
ve

ss
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oo
d 
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ss

el
 r
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iu

s 
an
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er
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e 
fl

ow
 v

el
oc

it
y,
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co
si

ty
 o

f 
bl

oo
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d 

ra
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us
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f 
na
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pa
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ic
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s.

 

T
he

 r
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ts

 s
ho

w
 t
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t 

ar
tif
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l 
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ea
ra

nc
e 
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 i

ro
n 

ox
id

e 
m

ag
ne

ti
c 

na
no

pa
rt

ic
le

s 
is

 p
os

si
bl

e 
(F

ig
ur

e 
(c

))
 

ev
en

 w
ith

 t
he

 u
se

 o
f 

a 
si

ng
le

 c
er

am
ic
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M

s=
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6A
/m

) 
m

ag
ne

t 
w

ith
 r

ad
iu

s 
R

m
 b

et
w

ee
n 

1.
5 

an
d 

2c
m

, a
s 

lo
ng
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 i
t 

ca
n 

be
 p

la
ce

d 
cl

os
e 

to
 t

he
 b

lo
od

 v
es

se
l 

(f
or

 v
es

se
l 

di
am

et
er

s 
d<

3c
m

).
 M

or
eo

ve
r,

 c
le

ar
an

ce
 r

at
es

 
im

pr
ov

e 
as

 t
he

 b
lo

od
 v

es
se

l 
ra

di
us

 g
et

s 
sm

al
le

r,
 w

hi
le

 l
ow

 b
lo

od
 v

isc
os

ity
 (

η 
= 

8.
9×

10
-4

N
s/

m
2 ) 

is
 a

 
si

gn
if

ic
an

t 
fa

ct
or

 f
or

 t
he

 p
ro

ce
ss

. 
F

in
al

ly
, 

ad
di

ng
 a

 s
ec

on
d 

m
ag

ne
t 

al
lo

w
s 

th
e 

cl
ea

ra
nc

e 
fr

om
 m

or
e 

di
st

al
 

ve
ss

el
s,

 e
sp

ec
ia

ll
y 

w
he

n 
th

e 
m

ag
ne

ts
 a

re
 p

la
ce

d 
w

it
h 

op
po

si
te

 m
ag

ne
ti

za
ti

on
 (

F
ig

ur
es

 (
b)

 a
nd

 (
d)

).
 

(a
)

(b
)

(c
)

(d
)

Fi
gu

re
. (

a)
C

on
fi

gu
ra

ti
on

 w
ith

 (
a)

 s
in

gl
e 

m
ag

ne
t, 

an
d 

(b
) t

w
o 

m
ag

ne
ts

 o
pp

os
it

el
y 

m
ag

ne
tiz

ed
.(c

) N
or

m
al

iz
ed

 
ca

pt
ur

in
g 

di
st

an
ce

 a
lo

ng
 th

e 
ve

ss
el

 f
or

 th
e 

si
ng

le
 m

ag
ne

t c
on

fi
gu

ra
ti

on
. (

d)
N

or
m

al
iz

ed
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tu

ri
ng

 d
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e 
al

on
g 

th
e 

ve
ss

el
 f

or
 th

e 
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o 
m

ag
ne

ts
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fi

gu
ra

tio
n.

 T
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 n
um
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r 
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 c
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e 
M

N
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 d
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: s
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M
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 d
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tic

 D
et
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in
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ou
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 F
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ul
ty
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f S

cie
nc

e 
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ch
no
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rs
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f T
w

en
te

, P
O

 b
ox

 2
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75

00
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E 
En

sc
he

de
, t

he
 N

et
he

rla
nd

s. 
*  C

or
re

sp
on

di
ng

 a
ut

ho
r, 

em
ai

l: 
m

.m
.v

an
de

lo
os

dr
ec

ht
@

ut
w

en
te

.n
l 

 W
e 

pr
es

en
t a

 n
ov

el
 la

pa
ro

sc
op

ic 
pr

ob
e 

fo
r s

en
tin

el
 n

od
e 

bi
op

sy
, t

o 
fa

cil
ita

te
 m

in
im

al
ly

 in
va

siv
e 

su
rg

er
y.

 S
en

tin
el

 
no

de
 b

io
ps

y 
is 

a 
pr

oc
ed

ur
e 

to
 a

na
ly

ze
 th

e 
ly

m
ph

 n
od

e 
st

at
us

 o
f c

an
ce

r p
at

ie
nt

s [
1]

. A
s a

 re
su

lt,
 it

 ca
n 

be
 

de
te

rm
in

ed
 if

 th
e 

tu
m

or
 h

as
 m

et
as

ta
siz

ed
, l

ea
di

ng
 to

 p
er

so
na

liz
ed

 p
at

ie
nt

 ca
re

. 

Su
pe

rp
ar

am
ag

ne
tic

 ir
on

 o
xi

de
 n

an
op

ar
tic

le
s (

SP
IO

N
s)

 a
re

 u
se

d 
as

 a
 tr

ac
er

 to
 id

en
tif

y 
se

nt
in

el
 n

od
es

. T
he

 m
ai

n 
ad

va
nt

ag
es

 o
f S

PI
O

Ns
 a

re
 th

ei
r l

on
g 

sh
el

f l
ife

, s
af

e 
cl

in
ica

l u
se

, a
nd

 th
at

 th
ey

 a
cc

um
ul

at
e 

in
 th

e 
se

nt
in

el
 ly

m
ph

 
no

de
s. 

Th
e 

la
tt

er
 m

ak
es

 it
 p

os
sib

le
 to

 p
er

fo
rm

 a
 p

re
-o

pe
ra

tiv
e 

M
RI

 sc
an

, t
ha

t c
an

 b
e 

us
ed

 a
s s

ur
gi

ca
l g

ui
da

nc
e.

 T
o 

lo
ca

te
 S

PI
O

Ns
 in

 v
iv

o 
du

rin
g 

op
en

 su
rg

er
y,

 a
 m

ag
ne

to
m

et
er

 w
as

 d
ev

el
op

ed
 [2

]. 
Ho

w
ev

er
, t

he
 m

ai
n 

dr
aw

ba
ck

 o
f t

hi
s 

sy
st

em
 is

 it
s s

en
sit

iv
ity

 b
ot

h 
to

 d
ia

m
ag

ne
tic

 ti
ss

ue
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nd
 su

rg
ica

l i
ns

tr
um

en
ts

. T
he

 p
rin

cip
le

 w
e 
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e 

to
 lo

ca
te

 se
nt

in
el

 
no

de
s i

s D
iff

er
en

tia
l M

ag
ne

to
m

et
ry

 (D
iff

M
ag

) [
3]

. I
n 

Di
ffM

ag
, t

he
 n

on
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ea
r m

ag
ne

tic
 p

ro
pe

rt
ie

s o
f S

PI
O

Ns
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ex
pl
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d,
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in
g 

se
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de
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n.

 H
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ev
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 fi
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t h
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e 

su
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 li

m
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h 

se
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, 

w
hi

ch
 d
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ot
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 n
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d 
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 p
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lo
gi
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 w
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 ly
m
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 n

od
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re
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d 

de
ep

 in
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ue

.  

To
 m

ee
t t

he
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in
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l d
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ds

 o
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nc
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as
ed

 d
ep
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 se
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, w
e 

pr
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e 

a 
se

t-u
p 

in
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e 

ex
cit

at
io

n 
an

d 
de

te
ct

io
n 
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 a
re

 m
ec
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ni

ca
lly

 se
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ra
te

d,
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s s
ho

w
n 
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 F

ig
ur

e 
(a

). 
As

 a
 re

su
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 th
e 

siz
e 
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e 
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io
n 
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il 
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n 
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e 
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e 
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. T
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 d
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n 
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e 
m
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e 

m
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h 
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le

r, 
an

d 
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e 
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ro
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op

ic 
eq
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en
t. 

Ho
w

ev
er

, t
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 m
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n 
ch
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le
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e 
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is 
se

t-
up

 is
 th
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 th

e 
de

te
ct

io
n 
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ils
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n 

m
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e 
w
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sp

ec
t t

o 
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e 
ex

cit
at

io
n 
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ils

. A
s a

 co
ns

eq
ue

nc
e,

 th
e 

de
te

ct
or

 si
gn

al
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 o
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cu
re

d 
by

 th
e 

ex
cit

at
io

n 
fie

ld
, r

eq
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rin
g 

co
nt
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 a

ct
iv

e 
co

m
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ns
at

io
n.

 W
e 

im
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em
en

te
d 

th
is 

ac
tiv

e 
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m
pe

ns
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io
n 
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d 

te
st

ed
 it

 in
 a

 st
at

ic 
se

t-u
p.

 T
he
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su
lts

 a
re

 sh
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n 
in

 F
ig

ur
e 

(b
) f
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 th
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e 

di
ffe

re
nt

 S
PI

O
N

s. 
Th

es
e 

fir
st

 re
su

lts
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 p

ro
m

isi
ng

 fo
r s

en
tin

el
 n

od
e 
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sie
s, 

sin
ce

 it
 is

 p
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sib
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 d

et
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t s
m

al
l a

m
ou

nt
s o

f i
ro

n.
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r D
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 o
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m
.m
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os
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@
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w
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ov
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io
n 
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r s
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er
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ra
m
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tic
 ir
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de

 n
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tic
le

s (
SP

IO
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): 
th

e 
Su

pe
rp

ar
am

ag
ne

tic
 Q

ua
nt

ifi
er

 (S
Pa

Q
). 

It 
w

as
 cr

ea
te

d 
to

 m
ea

su
re

 S
PI

O
N

s i
n 

bi
ol

og
ica

l e
nv

iro
nm

en
ts

, s
uc

h 
as

 b
lo

od
, 

ly
m

ph
 n

od
es

 a
nd

 ti
ss

ue
. T

he
 S

Pa
Q

 ca
n 

be
 u

se
d 

to
 im

pr
ov

e 
se

nt
in

el
 n

od
e 

bi
op

sie
s (

SN
B)

. T
he

 la
tt

er
 is

 a
 p

ro
ce

du
re

 to
 

an
al

yz
e 

if 
ca

nc
er

 ce
lls

 h
av

e 
sp

re
ad

 to
 ly

m
ph

 n
od

es
, l

ea
di

ng
 to

 p
er

so
na

liz
ed

 p
at

ie
nt

 ca
re

. D
ur

in
g 

SN
B 

a 
tr

ac
er

 
m

at
er

ia
l i

s i
nj

ec
te

d 
at

 m
ul

tip
le

 si
te

s c
lo

se
 to

 th
e 

tu
m

or
. V

ia
 m

ec
ha

ni
ca

l t
ra

ns
po

rt
 th

e 
tr

ac
er

 w
ill

 a
cc

um
ul

at
e 

in
 th

e 
fir

st
 n

od
es

 it
 e

nc
ou

nt
er

s, 
na

m
el

y 
th

e 
se

nt
in

el
 n

od
es

. T
he

 se
nt

in
el

 n
od

e 
ca

n 
th

en
 b

e 
fo

un
d 

us
in

g 
a 

de
di

ca
te

d 
pr

ob
e,

 
an

d 
ex

am
in

ed
 fo

r m
et

as
ta

se
s f

ol
lo

w
in

g 
su

rg
ica

l r
em

ov
al

.  

W
he

n 
SP

IO
Ns

 a
re

 u
se

d 
as

 a
 tr

ac
er

 in
 S
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, i

t i
s i

m
po

rt
an

t t
o 

ch
ar

ac
te

riz
e 

th
em

 fi
rs

t. 
Th

er
ef

or
e,

 w
e 

kn
ow

 w
ha

t w
e 

ar
e 

lo
ok

in
g 

fo
r i

n 
th

e 
hu

m
an

 b
od

y.
 T

o 
ch

ar
ac

te
riz

e 
SP

IO
Ns

, t
he

 m
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ne
tiz

at
io

n 
cu

rv
e 

is 
m

ea
su
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d,

 w
hi

ch
 sh

ow
s t
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re
sp

on
se

 o
f t

he
 p

ar
tic

le
s t

o 
an

 e
xt

er
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lly
 a

pp
lie

d 
fie

ld
. I

n 
th

e 
SP

aQ
 th

is 
m

ag
ne

tiz
at

io
n 

cu
rv

e 
is 

m
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by
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pl
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tio
n 

of
 a

 co
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ta
nt

 A
C 

m
ag

ne
tic

 fi
el

d 
th

at
 h
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 a

 lo
w

 a
m

pl
itu

de
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nd
 a

 g
ra

du
al

ly
 in

cr
ea

sin
g 

DC
 o

ffs
et

. T
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m

ax
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 fi

el
d 

st
re

ng
th

 is
 1

5 
m

T 
an

d 
th

e 
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ue
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y 
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n 
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en
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w
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n 

1 
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 k
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. T
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s l
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h 
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na
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w
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 d
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m
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n 
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e.
 T
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ng
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is 
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e 
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N
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m
er

ica
l i

nt
eg

ra
tio

n 
yi
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at
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ra
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th
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 p
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l c
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 d
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t o
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 D
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ro
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O

M
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liz

ed
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N
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id
in

 c
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te
d 

m
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ne
tic
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M
M

B
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e 
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a 

m
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 b
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et

w
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n 
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e 

m
ic
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 c
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m
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rs
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or
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ng
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tio
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ig
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A
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(i)
 c

irc
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iz

at
io

n 
of

 
pa
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pr
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 (P
LP
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e 

ta
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et
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tio
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m
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 c
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e 
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C
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R
C

A
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f c
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 te
m
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ng
 s
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gl

e-
st
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ed
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N
A

 c
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te

m
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d 
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O
M

 d
et
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n 
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N

Ps
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n 
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g 
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C
A

 p
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M
B
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r t
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t i
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ll 
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d 

D
N

A
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ro
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re
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 M
M

B
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fir
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s o
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w
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e 
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w
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C
A

 p
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h 
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 c

om
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d 
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e 
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w
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g 
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ch
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 D
N

A
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at
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n 
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A
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m
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s c
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 c
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M

M
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 c
irc
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 c
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M
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B
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at
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 b
y 
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 c
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M
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 c
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M
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N

A
 c
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m
ea
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N
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e 
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r 
th
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e 
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R

C
A
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O
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 c
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N
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e 

se
qu
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 c
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%
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N
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si
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 d
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 b
et
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ci
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at
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D

N
A

 c
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M

M
B
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 b
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e 
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M

M
B
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g 
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e 
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 c
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w
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th
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N
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w
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e 
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n 
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e 

R
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 p
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m
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 p
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s 
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 r
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f 
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e 

R
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M
B
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e 
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w
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s d
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n 

lim
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 D
N

A
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us
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M
M

B
s a

s 
m
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r c
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 d
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N
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C
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 d
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 c
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ca

pt
ur

e 
on

 
M

M
B

s. 
(B

) T
im

e-
tra

ce
s o

f d
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 c
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ra
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 b
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 c
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m
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f 
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m
m

un
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ss
ay
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h 
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e 
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y 
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f 
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e 
m

ag
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c 
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t 
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m
el
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hi
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m
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ct
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n 
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c 
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y 
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 m
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h 
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 r
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w
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 e
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it
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y 
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 l
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f 
re
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ra
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f 
m
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ad
io
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 d
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m
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t 
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m
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 c
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 o
f 
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r 
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m
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ra
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w
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h 
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c 
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s 
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 m
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 d
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in

g 
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s 
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ig
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iv
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y 
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m
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 l
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f 
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n 

–
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g.
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n 
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w

id
e 
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m
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m
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e 
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; 
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t 
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y 
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m

e 
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0 
m

in
); 
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f u
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 d
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 to
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im
al
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m
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so
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s 
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d 
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er
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 d
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m
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 c
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y 
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uc
h 

m
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m

et
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 s
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h 
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m
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in
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ce
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s 
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m
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e 
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m
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s 
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se
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 c
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cl
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 d
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n 
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ra
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s 
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t 
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al
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le

m
s,

 e
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, 
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 s
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 r
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n 
in
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s 
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e 
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be
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 f
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 s

en
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ti
ve

 d
et
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a 
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m
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r 

of
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, d
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 d
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 t
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 d
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 p
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 d
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e 

ha
pt

en
 

in
 t

he
 t

es
t 

sa
m

pl
e 

or
 t

ha
t 

co
nj

ug
at

ed
 w

it
h 

pr
ot

ei
n 

de
po

si
te

d 
on

 t
he

 t
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 p
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 d
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 p
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 f
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at
io

n 
of

 a
ll

 s
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 r
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 d
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 d
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 d
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at
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 F
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58

12
37

9;
 E
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b.
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t

C
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c 
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e 
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D
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s 
em

er
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n 
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si

ng
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 r
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og
ni

ze
d 

pu
bl
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lt

h 
pr

ob
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m
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ve
r 
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e 
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m
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g 
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a 
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m
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 c
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g 

to
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vo
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 c
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d 
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e 
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ut
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ro
te
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s 

pr
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en
t 
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 c
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 .

 T
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 s
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pt
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s 
ca

n 
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ry
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 a

n 
in

di
vi

du
al
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ve

r 
ti

m
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en
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th

er
 d
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w
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m
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d 
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l 
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 d
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s 
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s 
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m
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nd
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os

ed
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r 
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g 
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[2
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lth
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gh
 t

he
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ld

w
id

e 
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ev
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f 

C
D
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s 
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m
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%
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r 
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 d
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D
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5-

10
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of

 p
hy
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s 
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 d
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os
e 
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e 
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e 
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 p
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c 

he
al
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 p

er
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, t
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k 
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p 
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m
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e 
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f 
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h 
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D
 th

at
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 d
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 c
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 C
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 b
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 m
et

ho
d 

re
qu

ir
in

g 
an

es
th

es
ia

 [
4]

. 
G

iv
en

 t
he

 h
ig
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f 
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e 
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as
e,

 t
he

 r
ap
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at
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D
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 b
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w
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 c
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m
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 b
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f 
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C

D
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 f
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 b

io
se

ns
or

. 
D

if
fe

re
nt

 g
li
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at
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e
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m

ob
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 o
n 
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 p
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 p
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 b
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C
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 c
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 d
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Exhibitors and Sponsors 
We are particularly thankful to all of our main sponsors this year. They allowed us to hand 
out 18 travel grants and 15 free registrations, plus organize a wonderful meeting. 
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