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Welcome Message – Bonjour à Tous 

It is our great pleasure to welcome you all to the 15th International Conference on the 
Scientific and Clinical Applications of Magnetic Carriers. This year marks the 30th anniversary 
of our conference which is and has always been centered on the world of small magnetic 
particles and microspheres that have been life-long friends for many of us. And like children 
that pass through many different stages to reach adulthood and finally their senior years, 
magnetic particles change, challenge and surprise us again and again. 

This year we are meeting in the heart of Paris, at the Sorbonne University, one of the most 
prestigious educational institutions in the world. It has been a symbol of French 
intellectualism for more than 750 years, received 33 Nobel prizes and is particularly well 
known for Marie Curie, who joined its Faculty of Sciences in 1891, was the first woman to 
teach here as a professor, and received two Nobel prizes. 

While we’re here at the Sorbonne University we’re looking forward to discussing, with you 
all, the insights, basic principles and new applications in physics, chemistry, biology, medicine 
and imaging of magnetic particles that were developed and investigated since our last 
conference. The evolution and the new exciting trends in our field should be enough to take 
your minds off world politics for a few days, and let you enjoy magnetic particle talks, the 
exchange of exciting information, meeting colleagues, old and hopefully new collaborators, 
the poster sessions, and our traditional boat trip. 

We hope that this sense of exceptionalism will spur you on to discuss your results with your 
colleagues and enjoy a very special week, both professionally and personally. As the French 
say: joignez l’utile à l’agréable, et profitez bien de cette conférence ! 

 

Your organizers, 

Emilie Secret, Sorbonne University, CNRS, Paris, France 
Urs Hafeli, University of British Columbia (UBC), Vancouver, Canada 



Social Program 

Tuesday, May 26th 

We will celebrate the start of our meeting with a reception 

at Sorbonne University. This reception is generously 

sponsored by micromod. 

 

Wednesday, May 27th 

During the day, a spouse tour is organized. Spouses and children will go to Giverny to visit Claude 

Monet’s house and garden. An enjoyable visit, especially at this time of the year! For the participants, 

please be at the registration desk at 9:00. 

 

On the evening, we will have the second poster session on the patio above the auditorium, with 

Pretzels and Beers. This poster session is generously sponsored by Superbranche. 

 

Thursday, May 28th 

On Thursday evening, we will have our gala dinner with the traditional boat trip on the Seine. We will 

walk to the boat, which will wait for us right across the street from the University, just after the last 

session of the day. Make sure that your accompanying family meet us at the auditorium by 19:00. 

The boat tour is generously sponsored by NanoTherics. 

Poster awards, gererously sponsored by the journal Magnetic Medicine and by the Nanoscale 

Journal Family, Royal Society of Chemistry, will be handed out. 

 



Conference location & maps 

Our 15th meeting will take place at Sorbonne University, on the Pierre and Marie Curie campus, which 

is situated in the center of Paris. The address is “4 place Jussieu, 75005 Paris”, and the conference 

will take place in the CICSU Auditorium. There are two entrances on the campus, the front entrance 

is located on the “place Jussieu”, the back entrance is located on the “quai Saint Bernard”. 

You can easily come to the university by metro (lines 7 and 10 are just in front of the university 

entrance, stop “Jussieu”) or by bus (line 63, 67 and 89). 

 

Once on campus, the entrance of the auditorium is located between tower 54 and 55 (circled in 

purple on the map):  
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15th International Conference on the Scientific and Clinical Applications of Magnetic Carriers

Tuesday, May 26, 2026
9:00 Registration desk opens at the CICSU auditorium, Universite de Sorbonne, 4 Place Jussieu
10:00 Secret, Emilie Opening of the Conference and Welcome Address by the Organization Committee Paris, France Intro 1

10:10 Schuett, Wolfgang & 
Zborowski, Maciej Our International Conference is 30 Years Old - An Informal History by the Founders Rostock, Germany & 

Cleveland, OH, USA Intro 2

10:30 Häfeli, Urs Short Review of the Last 2 Years of Magnetic Carriers Research Vancouver, BC, Canada Intro 3
11:00 Coffee break
11:30 Batlle, Xavier Short Magnetic Nanoparticle Tutorial: The Magnetic Nanoparticle Iceberg Barcelona, Spain Tutorial 0

Session 1: Magnetic Microrobots and Nanorobots Chair: Christine Ménager
12:00 Zabow, Gary Turning non-magnetic particles magnetic Boulder, CO, USA Talk 1

12:15 Bami-Chatenet, Yann Magnetically-Steerable Drug-Loaded Microspheres for the Transarterial 
Chemoembolization of Liver Tumors via Magnetic Resonance Navigation Montreal, Canada Talk 2

12:30 Ghosh, Ambarish Magnetic Helical Nanobots as Local Sensors: from model fluids to cells, and inside 
living animals Bangalore, India Talk 3

12:45 Mistral, Jules Quantitative Accumulation of Magnetotactic Bacteria for Tumor Targeting by 
Application of Gradient Magnetic Fields

Saint-Paul-lez-Durance, 
France Talk 4

13:00 Park, Myungjin Magnetic Torque Trapping Enables Enhanced Retention and Translocation of 
Microrobots Zürich, Switzerland Talk 5

13:15 Lak, Aidin Magnetic DNA origami nanorotors Braunschweig, Germany Talk 6
13:30 Lunch

Session 2: Biological Applications I Chair: Sylvie Bégin-Colin

14:45 Kaub, Leon Imaging Magnetic Stray Fields from Magnetite Nanoparticles in Human Brain Tissue 
with Nitrogen-Vacancy Centers Paris, France Invited Talk 1

15:30 Ko, Min Jun Magnetically Programmable NK Cell Clusters Enabled by Magnetic Mesocrystals for 
Cancer Immunotherapy Chicago, IL, USA Talk 7

15:45 Ota, Satoshi Tumor characterization via magnetization dynamics of magnetic nanoparticles for 
cancer theranostics Hamamatsu, Japan Talk 8

16:00 Coffee break
Session 3: Biological Applications II - Flash Talks Chair: Lucia Gutierrez

16:30 Aderhold, Eric Continuous Coagulation Monitoring of Human Blood via Magnetic Particle 
Spectroscopy Lübeck, Germany Talk 9

16:37 Gomez, Jenifer Iron Regulation Proteins and Magnetic Behavior of Breast Cancer Stem Cells: Could 
Iron Be A Universal Marker for Label-Free Sorting? Lubbock, TX, USA Talk 10

16:44 Ma, Yunn-Hwa Tannic Acid-Coating Augments Nanoparticle Uptake by Laminin Receptor-Mediated 
Endocytosis: Implication in Tumor Targeting Tao-Yuan, Taiwan Talk 11

16:51 Paez Rodriguez, Amira Dynamic behavior and intracellular assembly of magnetic nanoparticle-loaded vesicles 
under AC magnetic stimulation. Zaragoza, Spain Talk 12

16:58 Reichl, Teresa Magnetic Nanoparticles as Sensor for Brain Perfusion Würzburg, Germany Talk 13

17:05 Wang, Xuyiling Characterising exogenous and endogenous magnetic nanomaterials in biological 
samples using a magneto-optical multifunctional microscope Stoke-on-Trent, UK Talk 14

17:12 Marsalin, Akash Structural Engineering of Fe3O4 Mesocrystals for Enhanced Magneto-Optical Cancer 
Therapy Chennai, India Talk 15

17:19 Zhang, Huan Boosting T1 Relaxivity with Trace Mg-Doping in Ultrasmall Iron Oxide Nanoparticles 
for Subsegmental Pulmonary Embolism Imaging Chengdu, China Talk 16

17:30 Pellegrino, Teresa Magnetic Nanoparticles: From Their Synthesis to Magnetic Hyperthermia, Cancer 
Immune Therapy and Cell Tracking Applications Genoa, Italy Invited Talk 2

18:15 Poster session I (Posters 1-53)
19:30 Reception, generously sponsored by micromod
21:00 Go and enjoy the night life in Paris
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Wednesday, May 27, 2026
8:30 Registration desk opens at the CICSU auditorium, Universite de Sorbonne, 4 Place Jussieu

This is also the day of the spouse tour (Monet garden in Giverny)
9:00 Van Leuven, Levy Chemistry and Derivatization of Magnetic Nanoparticles - Part 1 Mons, Belgium Tutorial 1

Session 4: Magnetic Separation Chair: Anna Bakenecker

9:30 Bünning, Matthis Continuous-Flow Lithium Extraction from Geothermal Brines Using Magnetic 
Nanoparticles München, Germany Talk 17

Session 5: Magnetic Particle Imaging (MPI) Chair: Anna Bakenecker

9:45 Bermudez-Berrios, Esteban Quantitative Evaluation of Nanoparticle Delivery to Lymph Nodes Using Magnetic 
Particle Imaging Gainesville, FL, USA Talk 18

10:00 Rösch, Esther SMART RHESINs: A Comparative Specific Absorption Rate Analysis of Native and 
Encapsulated Synomag Nanoparticles for MPI-Assisted Magnetic Fluid Hyperthermia Karlsruhe, Germany Talk 19

10:15 Coffee break
10:45 Nozka, Aniela Formulation of nanocluster tracers with tunable magnetic particle imaging performance Gainesville, FL, USA Talk 20

11:00 Valdes, Daniela Quantification of Magnetic Particle Imaging Signal in Biomedically Relevant Conditions 
Using a Mouse Phantom Gainesville, FL, USA Talk 21

11:15 Zhong, Jing Mixing-Frequency Magnetic Particle Imaging System for 3D in-vivo Tumor Imaging Beijing, China Talk 22

11:30 Dutz, Silvio Project harmoMPI: Scanner-Independent Functional Phantoms for Harmonizing 
Magnetic Particle Imaging Zwickau, Germany Talk 23

11:45 Bulte, Jeff Engineering Magnetotheranostics for Magnetic Particle Imaging Baltimore, MD, USA Invited Talk 3
12:30 Lunch

Session 6: Magnetic Imaging Methods (MRI / Ultrasound) Chair: Jeff Bulte

13:45 Brero, Francesca Performance Analysis of Quantitative Susceptibility Mapping Algorithms in Phantom 
and Preclinical MRI Data Pavia, Italy Talk 24

14:00 Horak, Daniel Magnetically Responsive Upconversion Nanoparticles: Optical Luminescence and MRI 
of Langerhans islets Prague, Czech Republic Talk 25

14:15 Levy, Benjamin Ultrasound-Based Magnetic Nanoparticles Imaging: Improved Magnet Geometries and 
Elastometry Easton, PA, USA Talk 26

14:30 Reniaud, Jules Shape-Dependent Magnetomotive Forces: A Framework for Optimizing Particle 
Geometry in Magnetomotive Ultrasound Imaging Lund, Sweden Talk 27

14:45 Mefford, Thompson Gadolinium-Doped Iron Oxide Nanorods and Nanoflowers as Dual Modality Agents for 
Magnetic Hyperthermia and MRI Clemson, SC, USA Talk 28

15:00 Fan, Haiming A Mitochondria-Specific Nanoparticle for Wireless Dynamic Regulation of Cellular 
Function in Vivo Xi'an, China Talk 29

15:15 Coffee break
Session 7: Magnetic Hyperthermia Chair: Jérôme Fresnais

15:45 Rabade Chediak, Maura Magnetic Hyperthermia-Induced Disruption of Collagen Scaffolds: A Strategy to 
Overcome the Extracellular Matrix Barrier in Solid Tumours and Fibrotic Diseases Zaragoza, Spain Talk 30

16:00 Castro-Torres, Jorge Histopathological Assessment of Magnetic Fluid Hyperthermia in a Porcine Prostate 
Model Using a Handheld Induction Heater Mayaguez, Puerto Rico Talk 31

16:15 Gascon Gubieda, Alicia Determining the mechanisms of action of magnetosomes in magnetic hyperthermia 
cancer treatment Leioa, Spain Talk 32

16:30 Hanson, Lise Improving Measurements of Magnetic Nanoparticle Heating Power Kgs. Lyngby, Denmark Talk 33

16:45 Lopez Vazquez, Iago SLPcalculator: Open-Access Software for Statistically Validated SLP Determination in 
Magnetic Nanoparticles

Santiago de Compostela, 
Spain Talk 34

17:00 Patri, Sofia Magnetic nanogels for combined hyperthermia and chemotherapy of prostate cancer London, UK Talk 35

17:15 Anker, Jeffrey Catching and Counting Molecules with Buoyant Microbubbles and Magnetic 
Microspheres for Rapid yet Ultrasensitive Point-of-Care Diagnostics Clemson, SC, USA Invited Talk 4

18:00 Poster session II (Posters 54-107) - with Pretzel and Beer generously sponsored by Superbranche
19:30 Free evening - go and get collaborations going!

Thursday, May 28, 2026
8:30 Registration desk opens at the CICSU auditorium, Universite de Sorbonne, 4 Place Jussieu
9:00 Van Leuven, Levy Chemistry and Derivatization of Magnetic Nanoparticles - Part 2 Mons, Belgium Tutorial 2

Session 8: Magnetic Drug Delivery I Chair: Jeffrey Anker

9:30 Lafuente, Aritz Opto‑Magnetically Guided Monocytes for Enhanced Nanotherapy in 3D Bioprinted 
Tumor Models Barcelona, Spain Talk 36

9:45 Gigoux, Veronique Magnetic Field-Induced Drug Delivery From Magnetic Microporous Nanocomposites 
Through Magnetic Nanoparticles Heating or Motion Toulouse, France Talk 37

10:00 Castellanos-Rubio, Idoia Magnetic Hybrid Microdiscs as Tunable Carriers for Remote Actuation and 
Biomolecule Delivery Leioa, Spain Talk 38

10:15 Kuzhir, Pavel Physical aspects of field-enhanced degradation of hydrogel networks: a step closer to 
thrombolysis Nice, France Talk 39

10:30 Coffee break
Session 9: Magnetic Drug Delivery II Chair: Simone Schürle

11:00 Santi, Athena On-Demand Magnetic Field-Responsive Nanodrug for Pain Modulation San Antonio, TX, USA Talk 40
11:15 Selzer, Solange Senolytic nanoplatform to target and eliminate senescent melanoma cells Zaragoza, Spain Talk 41

11:30 Trizac-Mattern, Ludivine Polyhistidine and doxorubicin functionalized magnetic nanoparticles enhancing 
intracellular heating efficiency in magnetic hyperthermia Paris, France Talk 42
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11:45 Zelenakova, Adriana Magnetic Nanocargo-Delivery Platform for Targeted Delivery of Anticancer and 
Antiviral Drug Kosice, Slovakia Talk 43

12:00 Espinal, Maider Magnetothermally Activated 3D-Printed Implants for Programmable Drug Delivery Pamplona, Spain Talk 44

12:15 Begin-Colin, Sylvie Engineering of Magnetic-Based Nanoplatforms for Theranostic with a Focus on 
Targeting Strategies Strasbourg, France Invited Talk 5

13:00 Lunch
Session 10: Magnetic Methods / MPS I Chair: Pankhurst, Quentin

14:15 Ackers, Justin Measurement uncertainty analysis of a one-dimensional Magnetic Particle 
Spectrometer Lübeck, Germany Talk 45

14:30 Wang, Jian-Ping Systematic analysis of parameters affecting colorization performance for magnetic 
particle spectroscopy applications Minneapolis, MN, USA Talk 46

14:45 Naeimabadi, Mina 1D Reconstruction of Magnetic Nanoparticles in an Unshielded Environment Using 
OPM-Based Magnetorelaxometry Innsbruck, Austria Talk 47

15:00 Stockdale, Arabella Interpreting Magnetic Particle Spectroscopy Through Hierarchical Modeling of 
Interacting PEG-Coated Iron Oxide Nanoparticles Clemson, SC, USA Talk 48

15:15 Veile, Thomas Simultaneous High-Frequency Magnetometry and AC Calorimetry for Magnetic 
Nanoparticle Characterization Kgs. Lyngby, Denmark Talk 49

15:30 Zverev, Vladimir Dynamic Magnetic Response of Magnetic Multicore Particles: Competing Anisotropies Vienna, Austria Talk 50
15:45 Coffee break
16:15 Bakenecker, Anna Magnetic Particle Imaging and Functional Hydrogels for Micro- and Nanorobotics Darmstadt, Germany Invited Talk 6

Session 11: Magnetic Characterizations / Methods / Analytics II Chair: Leon Kaub

17:00 Arsalani, Soudabeh Reference measurement site to characterize magnetic nanoparticles employed in 
biomedical applications Berlin, Germany Talk 51

17:15 Liu, Wenzhong Real-time, rapid optical imaging method for single magnetic nanoparticles Wuhan, China Talk 52

17:30 Wang, Yihao Magnetic molecular nanorulers for resolving conformational changes in nucleic acids 
at sub-nanometer spatial resolution Braunschweig, Germany Talk 53

17:45 Wen, Yumei QCM Sensing the Magnetically Driven Motion of Particles for Biomolecular Analysis Shanghai, China Talk 54

Session 12: Preparation of Magnetic Nanoparticles I Chair: Jean-Michel 
Siaugue

18:00 Stoer, Philip synomag-pro - The Benchmark for Theranostics Rostock, Germany Talk 55
18:15 Cotin, Geoffrey Dendronized iron oxide: Superspio20 as MPI tracer and magnetic hyperthermia agent Strasbourg, France Talk 56

18:30 Meier, Nils Tuning Core Size of Iron Oxide Magnetic Nanoparticles in Liposome-Based 
Nanoreactors: An In Situ Approach Mainz, Germany Talk 57

19:15 Walk to the Boat
19:30 Boat tour on the "The River's King" with dinner, generously sponsored by NanoTherics
21:30 Poster award hand-outs on the boat, generously sponsored by the new journal Magnetic Medicine and by the Nanoscale Journal Family, RSC
23:30 Return to the Pier

Friday, May 29, 2026
8:30 Registration desk opens at the CICSU auditorium, Universite de Sorbonne, 4 Place Jussieu
9:00 Van Leuven, Levy Chemistry and Derivatization of Magnetic Nanoparticles - Part 3 Tutorial 3

Session 13: Preparation of Magnetic Nanoparticles II Chair: Jean-Michel 
Siaugue

9:30 Roca, Alejandro Controlled Solvothermal Growth of Iron Oxide Nanorods with Tunable Size and 
Magnetic Properties for applications in Biomedicine

Cerdanyola del Valles, 
Spain Talk 58

9:45 Shlapa, Yuliia Magnetic CeO2-Based Nanocomposites: Influence of the Synthesis Route on 
Structure, Morphology and Bioactivity Kyiv, Ukraine Talk 59

10:00 Descours, Pierre-Louis Novel Magnetic Nanohybrids Coated with Peptides to Cross the human Blood-Brain 
Barrier and to Target Neuronal Mitochondria Dijon, France Talk 60

10:15 Alvaro Gallo Cordova Continuous-flow microwave polyol synthesis enables scalable production of metallic 
nanoparticles Madrid, Spain Talk 61

10:30 Coffee break
11:00 Pankhurst, Quentin Translational R&D - the Endomagnetics Story London, UK Invited Talk 7

Session 14: Preparation of Magnetic Nanoparticles II Chair: Teresa Pellegrino

11:45 Guerrero Porras, Gabriel Vectorization of functionalized IONPs with beta-amyloid-targeting ligands to obtain 
specific MRI contrast agents for the detection of Alzheimer's disease Strasbourg, France Talk 62

12:00 Mayr, Erik Superferromagnetic Disk Particles for Magnetic Particle Imaging and Magnetic Particle 
Spectroscopy Zürich, Switzerland Talk 63

12:15 Radon, Adrian Carbon-Coated Magnetite in Cancer Therapies: Challenges and Perspectives Gliwice, Poland Talk 64

12:30 Ehrlich, Victor Pressure-Controlled High Temperature Continuous-Flow Synthesis of Iron-Based 
Nanoparticles: From Metastable Phases to Gold-Iron Heterodimers Paris, France Talk 65

12:45 Bouvet, Basile In-Depth Investigation of the Magnetically Related Properties of Iron Oxide 
Nanospheres Paris, France Talk 66

13:00 Weisspflog, Maria Magnetothermal-Triggered Response and Self-Healing of Recyclable and 
Reprocessable Nanocomposites for Actuation Systems Hamburg, Germany Talk 67

13:20 Announcement of the next Magnetic Carrier Meeting 2028
13:30 End of the Meeting
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ra
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P
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l d
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ig

ur
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an
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in

 n
an
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ob

ot
ic
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ag
ne

ti
c 

co
nt

ro
l 

ca
n 

pr
ov

id
e 

a 
po

w
er

fu
l 

ac
tu

at
io

n 
m

ec
ha

ni
sm
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n 
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br

oa
d 

ra
ng

e 
of

 
co

nt
ex
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in
ce
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t 
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rd
s 

a 
hi

gh
-l

ev
el

 o
f 

ex
te

rn
al

 c
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tr
ol
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it

 i
s 
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oc

om
pa

ti
bl
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rt
ho

go
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l 
to

 c
he

m
ic

al
 o

r 
el

ec
tr

ic
al
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ti

m
ul

i. 
E

ar
ly
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tu

di
es

 m
ai

nl
y 

us
ed
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µ

m
 m

ag
ne

ti
c 

be
ad

s 
in

 m
ag

ne
ti

c 
tw

ee
ze

rs
 a

ss
ay

s 
an

d 
ha

ve
 

pr
ov

id
ed

 k
ey

 i
ns

ig
ht

s 
in

to
 th

e 
m

ec
ha

ni
cs

 o
f 

nu
cl

ei
c 

ac
id

s,
 c

el
ls

, a
nd

 r
ec

en
tl

y 
pr

ot
ei

ns
. H

ow
ev

er
, ~

µ
m

 b
ea

ds
 

pr
ov

id
e 

on
ly

 li
m

it
ed

 c
on

tr
ol

 a
t t

he
 m

ol
ec

ul
ar

 s
ca

le
 a

nd
 o

ft
en

 b
in

d 
to

 s
ev

er
al

 m
ol

ec
ul

es
 s

im
ul

ta
ne

ou
sl

y 
du

e 
to

 
th

ei
r 

si
ze

. M
ag

ne
ti

c 
na

no
pa

rt
ic

le
s 

w
it

h 
si

ze
s 

<
 2

5 
nm

 h
av

e,
 i

nh
er

en
tl

y,
 a

 s
m

al
l 

m
ag

ne
ti

c 
m

om
en

t 
m

 o
f 

≈ 
1-

2×
10

-1
8 

A
 m

2 , 
an

d 
ar

e 
on

ly
 a

bl
e 

to
 g

en
er

at
e 

≈ 
fN

 f
or

ce
s 

ev
en

 a
t 

fe
w

 h
un

dr
ed

s 
of

 m
T

. T
hi

s 
fo

rc
e 

re
gi

m
e 

is
 

or
de

rs
 o

f 
m

ag
ni

tu
de

s 
to

o 
lo

w
 t

o 
m

an
ip

ul
at

e 
ce

ll
ul

ar
 p

ro
ce

ss
es

, 
su

ch
 a

s 
m

ol
ec

ul
ar

 m
ot

or
s 

an
d 

ce
ll

 s
ur

fa
ce

 
re

ce
pt

or
s 

th
at

 ty
pi

ca
ll

y 
re

qu
ir

e 
1-

10
0 

pN
. 

H
er

e 
w
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de

m
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 m
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ti
c 

m
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 n
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ct
ua

to
rs

 b
y 

le
ve
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gi

ng
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he
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e 
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-s
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ty
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f 
D

N
A

 
or

ig
am

i 
to
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ss

em
bl

e 
hi

gh
ly
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ni

so
tr

op
ic

 m
ag

ne
ti

c 
na

no
cu

be
s 

on
 h

ig
h-
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pe

ct
 r

at
io

 D
N

A
 o

ri
ga

m
i 

bu
nd

le
s.
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e 

tr
ac

ed
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nd
 c

on
tr

ol
le

d 
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f 
ou

r 
D

N
A

 o
ri

ga
m

i 
na

no
ro

to
rs
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t 

th
e 

si
ng

le
-r

ot
or

 l
ev

el
 a

nd
 d

em
on

st
ra

te
d 

th
ei

r 
pr

og
ra

m
m

ab
le
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ag

ne
ti

c 
cl

am
pi

ng
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nd
 c

on
tr

ol
le

d 
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ta
ti

on
 u

nd
er
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ni

fo
rm
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nd

 r
ot

at
in

g 
m

ag
ne

ti
c 

fi
el

ds
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B
y 

va
ry

in
g 

th
e 

po
pu

la
ti

on
 a

nd
 in

te
r-

pa
rt

ic
le

 s
pa

ci
ng

 o
f 

th
e 

na
no

cu
be

s,
 m

ag
ne

ti
c 

to
rq

ue
 v

al
ue

s 
in

 th
e 

or
de

r 
of

 1
0-

10
0 

pN
 n

m
 a

re
 a

ch
ie

ve
d 

at
 fi

el
d 

st
re

ng
th

s 
<

 1
0 

m
T

. M
on

te
 C

ar
lo

 s
im

ul
at

io
ns

 re
ve

al
 th

at
 a

ss
em

bl
y 

of
 n

an
oc

ub
es

 
on

 D
N

A
 o

ri
ga

m
i 

ro
to

rs
 l

ea
ds

 t
o 

co
ll

ec
ti

ve
 m

ag
ne

ti
c 

pr
op

er
ti

es
, w

it
h 

nu
m

er
ic

al
ly

 e
st

im
at

ed
 t

or
qu

e 
va

lu
es

 i
n 

go
od

 a
gr

ee
m

en
t 

w
it

h 
th

e 
ex

pe
ri

m
en

ts
. 

O
ur

 m
ag

ne
ti

c 
na

no
ro

to
rs

 o
ff

er
 a

 f
ou

nd
at

io
n 

fo
r 

bi
oc

om
pa

tib
le

 
na

no
ro

bo
tic

s,
 a

s 
w

el
l a

s 
hi

gh
-t

hr
ou

gh
pu

t m
ag

ne
ti

c 
fo

rc
e 

an
d 

to
rq

ue
 tw

ee
ze

rs
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1]
. 

 
F

ig
ur

e.
 M

ag
n

et
ic

 c
la

m
pi

ng
 a

nd
 r

ot
at

io
ns

 o
f 

m
ag

ne
ti

c 
D

N
A

 o
ri

ga
m

i 
na

no
ro

to
rs

 (
M

A
D

O
N

A
s)

. 
(a

) 
Sc

he
m

e 
of

 o
n-

su
bs

tr
at

e 
m

ag
ne

tic
 a

ct
ua

ti
on

 a
ss

ay
s 

at
 th

e 
si

ng
le

-r
ot

or
 le

ve
l. 

(b
) 

N
eg

at
iv

e-
st

ai
n 

tr
an

sm
is

si
on

 e
le

ct
ro

n 
m

ic
ro

sc
op

y 
(T

E
M

) 
m

ic
ro

gr
ap

h 
of

 a
 s

in
gl

e 
M

A
D

O
N

A
 r

ot
or

 c
ov

er
ed

 w
it

h 
m

ul
ti

pl
e 

M
N

P
s 

(s
ca

le
 b

ar
 2

00
 n

m
).
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c)

 C
la

m
pi

ng
 a

nd
 r

ot
at

io
n 

ac
tu

at
io

n 
m

od
es

 a
nd

 th
ei

r 
ef

fe
ct

s 
on

 r
ot

or
 

m
ot

io
n.

 L
ig

ht
 b

lu
e 

sh
ow

s 
th

e 
lo

ca
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tio

ns
 d
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in
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ff
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n 
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d 
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rk
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lu

e 
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ct
ua
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on
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le
 b
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 2
50
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m
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d)
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at
io

n 
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m
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 i

n 
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e 
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lo

rs
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f 
a 

T
IR

FM
-r

ot
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g 

m
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ne
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 f
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R
M
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 e
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en
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to
rs
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T
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 d
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he
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to
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ot

or
s 

th
at

 f
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w
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M

F 
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y.
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ar
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 c
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ex
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to
r d
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in
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at
 2

.7
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T
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 d
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 R
M

F 
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Pa
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 tr
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ho
w
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 c
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e 

an
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e 
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r 
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e 
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t r
ot
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s 

w
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 b
y 

R
FM
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w
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en
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 in
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d 

in
 th

e 
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t 2
.7
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T
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ei
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d 
W
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g 
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l. 
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v 
20
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. T
al

k 
6
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n
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p
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a
b
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 E

n
h

a
n

c
e
d

 R
e
te

n
ti

o
n
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n

d
 T
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n

s
lo

c
a
ti

o
n

 o
f 

M
ic

ro
ro

b
o

ts
 

M
y
u
n
g
jin

 P
a
rk

, 
E

m
ili

e
 v

o
n
 E

in
s
ie

d
e
l 
a
n
d
 S

im
o
n
e
 S

c
h
ü
rl
e
* 

M
e
d
ic

a
l 
M

ic
ro

s
y
s
te

m
s
 L

a
b
, 

D
e
p
a
rt

m
e
n
t 

o
f 
H

e
a
lt
h
 S

c
ie

n
c
e
s
 a

n
d
 T

e
c
h
n
o
lo

g
y
, 

E
T

H
 Z

u
ri
c
h
, 
8
0
9
2
 Z

u
ri
c
h
, 

S
w

it
z
e
rl
a
n
d
   

-  
 s

im
on

e.
sc

hu
er

le
@

he
st

.e
th

z.
ch

D
e
s
p
it
e
 t

re
m

e
n
d
o
u
s
 p

ro
g
re

s
s
 r

e
g
a
rd

in
g
 n

e
w

 d
ru

g
s
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n
d
 f

o
rm

u
la

ti
o
n
s
, 

c
a
n
c
e
r 

th
e
ra

p
y
 r

e
m

a
in

s
 c

h
a
lle

n
g
in

g
 

a
s
 o

n
ly

 a
 v

e
ry

 s
m

a
ll 

fr
a
c
ti
o

n
 o

f 
th

e
 a

d
m

in
is

te
re

d
 d

o
s
e
 t

y
p
ic

a
lly

 r
e
a
c
h
e
s
 t
h
e
 t

a
rg

e
t 

ti
s
s
u
e
. 
M

ic
ro

ro
b
o
ts

 h
a
v
e

 

e
m

e
rg

e
d
 
a
s
 
p
ro

m
is

in
g

 c
a
rr

ie
rs

 
fo

r 
m

o
re

 t
a
rg

e
te

d
 c

a
n
c
e
r 

th
e
ra

p
y
 
b
e
c
a

u
s
e

 t
h

e
y
 
c
a
n
 
a
c
ti
v
e

ly
 
tr

a
n
s
p
o
rt

 

th
e
ra

p
e
u
ti
c
 a

g
e
n
ts

 t
o

 d
is

e
a

s
e
 s

it
e
s
. 
M

a
g
n
e
ti
c
 a

c
tu

a
ti
o
n

 h
a
s
 b

e
e

n
 w

id
e
ly

 e
x
p
lo

re
d
 a

s
 m

e
a

n
s
 t
o

 c
o
n
tr

o
l t

h
e
s
e

 

m
ic

ro
ro

b
o
ts

, 
p
ri

m
a
ri

ly
 t
h
ro

u
g
h
 m

a
g
n

e
ti
c
 f
ie

ld
 g

ra
d
ie

n
ts

 o
r 
ro

ta
ti
n
g
 m

a
g

n
e
ti
c
 f
ie

ld
s
. 
G

ra
d
ie

n
t 
b
a

s
e

d
 a

c
tu

a
ti
o
n

 

c
a
n
 e

n
h
a

n
c
e
 m

ic
ro

ro
b
o

t 
a
c
c
u
m

u
la

ti
o
n
 a

n
d

 t
u

m
o
r 

p
e
n

e
tr

a
ti
o

n
, 

b
u
t 

it
s
 c

lin
ic

a
l 
tr

a
n
s
la

ti
o

n
 i
s
 c

o
n
s
tr

a
in

e
d
 b

y
 

p
o
o
r 

s
c
a
la

b
ili

ty
, 

a
s
 i

t 
g
e

n
e
ra

lly
 r

e
q

u
ir
e
s
 m

a
g
n

e
ti
c
 f

ie
ld

 g
ra

d
ie

n
ts

 e
x
c
e
e
d

in
g
 ~

 1
0

T
/m

. 
In

 c
o
n

tr
a
s
t,
 r

o
ta

ti
n

g
 

m
a
g
n

e
ti
c
 f

ie
ld

s
 p

ro
v
id

e
 e

x
c
e
lle

n
t 

s
c
a
la

b
ili

ty
 a

n
d
 c

a
n
 d

ri
v
e
 t

o
rq

u
e

-i
n
d
u
c
e

d
 l
o
c
o
m

o
ti
o
n
, 

e
n
a

b
lin

g
 e

n
h
a
n
c
e

d
 

tu
m

o
r 

in
fi
lt
ra

ti
o

n
 a

n
d

 c
o
lo

n
iz

a
ti
o
n

. 
H

o
w

e
v
e
r,

 t
h
e
s
e

 a
p

p
ro

a
c
h
e
s
 l

a
c
k
 m

e
c
h
a

n
is

m
s
 t

o
 r

e
ta

in
 i

n
tr

a
v
e
n

o
u
s
ly

 

in
je

c
te

d
 m

ic
ro

ro
b
o
ts

 a
t 

s
p

e
c
if
ic

 t
a
rg

e
t 

s
it
e
s
. 

H
e
re

, 
w

e
 i

n
tr

o
d
u
c
e

 a
 t

o
rq

u
e

-t
ra

p
p
in

g
 s

tr
a
te

g
y
 t

h
a
t 

e
n

a
b
le

s
 

s
p
a
ti
a

l 
lo

c
a

liz
a
ti
o
n

 o
f 

m
ic

ro
ro

b
o
ts

 u
s
in

g
 a

 L
is

s
a
jo

u
s
 f

u
n
c
ti
o
n
 b

a
s
e
d
 m

a
g
n
e
ti
c
 f

ie
ld

 a
c
tu

a
ti
o

n
 (

L
M

F
).

 B
y
 

g
e
n
e
ra

ti
n
g
 s

p
a
ti
a

lly
 d

e
p
e

n
d
e
n
t 

to
rq

u
e

, 
th

e
 p

ro
p
o
s
e

d
 m

a
g
n

e
ti
c
 f

ie
ld

 c
o
n
fi
g

u
ra

ti
o

n
 u

s
e
s
 r

o
ta

ti
o
n

a
l 

m
o
ti
o
n
 

w
h
ile

 s
im

u
lt
a
n
e

o
u
s
ly

 t
ra

p
p
in

g
 m

ic
ro

ro
b
o
ts

 a
t 
th

e
 t
a
rg

e
t 
s
it
e
 u

n
d
e
r 

b
o
th

 s
ta

ti
c
 a

n
d
 f
lo

w
 c

o
n
d
it
io

n
s
. 
M

o
re

o
v
e
r,

 

th
e
 s

p
a
ti
a

lly
 d

e
p
e

n
d
e

n
t 
to

rq
u
e
 a

c
tu

a
ti
o
n
 g

e
n
e
ra
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h
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h
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 t
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 c
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p
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b
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p
ar

ti
cl

e 
p
h
ar

m
ac

o
k
in

et
ic

s.
  

F
u
rt

h
er

in
g
 t
h
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 c
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 p
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v
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p
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u
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d
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n
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h
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m
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s 
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1
, 

M
a
th
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Z
a
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1
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D
a
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a
2
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d

 C
a
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n
e 
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n
d
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m

en
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h
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h

n
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 o
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o
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 o
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n
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d

iz
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 o
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á
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1
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9
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á
d
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o
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es
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in

g
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u
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o
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 f
ra
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@
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si
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.d
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T
h

e 
h

y
st

er
et
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 p

ro
p
er

ti
es

 o
f 

m
ag

n
et

ic
 n

an
o

p
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ti
cl

es
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ll
o

w
 f

o
r 

h
ea

ti
n

g
, 
w

h
ic

h
 c

an
 b

e 
u

ti
li

se
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 l
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d
 

ca
n

ce
r 

tr
ea

tm
en

t,
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n
d

 c
li

n
ic

al
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ri
al

s 
w

it
h

 m
ag

n
et

ic
 h

y
p
er

th
er

m
ia

 h
av

e 
al

re
ad

y
 b

ee
n

 c
o

n
d

u
ct

ed
 [

1
].

 F
o

r 

m
ag

n
et

ic
 h

y
p

er
th

er
m

ia
 t

o
 b

e 
an

 e
ff

ic
ie

n
t 

th
er

ap
y

, 
it

 i
s 

o
f 

g
re

at
 i

m
p

o
rt

an
ce

 t
o

 o
p
ti

m
is

e 
th

e 
h

ea
ti

n
g

 p
o

w
er

 o
f 

m
ag

n
et

ic
 n

an
o

p
ar

ti
cl

es
. 
T

o
 t

h
is

 e
n

d
, 
re

li
ab

le
 q

u
an

ti
fi

ca
ti

o
n

 o
f 

th
e 

h
ea

ti
n

g
 p

o
w

er
 i

s 
n

ec
es

sa
ry

 t
o
 e

n
ab

le
 

co
m

p
ar

is
o

n
 b

et
w

ee
n

 d
if

fe
re

n
t 

ca
n

d
id

at
es

 o
f 

p
ar

ti
cl

es
 [

2
,3

].
 A

 r
ec

en
t 

in
te

r-
la

b
o

ra
to

ry
 s

tu
d
y

 (
R

A
D

IO
M

A
G

, 

2
0

2
1

) 
fo

u
n

d
 t

h
at

 t
h

e 
st

an
d

ar
d

 m
et

h
o

d
 (

n
o

n
-a

d
ia

b
at

ic
 A

C
 c

al
o
ri

m
et

ry
) 

fo
r 

q
u
an

ti
fy

in
g

 t
h

e 
h

ea
ti

n
g

 p
o

w
er
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s 

su
b

je
ct

 t
o

 l
ar

g
e 

sy
st

em
at

ic
 e

rr
o
rs

 o
f 

u
n
k

n
o

w
n

 o
ri

g
in

 [
2
].

 A
cr

o
ss

 2
1
 p

ar
ti

ci
p

at
in

g
 s
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te

-o
f-

th
e-

ar
t 

la
b

o
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ri
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, 

th
e 

in
tr
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si

c 
lo
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 p

o
w

er
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el

d
 n

o
rm

al
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ed
 h

ea
ti

n
g

 p
o

w
er
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d
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p
la

y
ed

 a
 s

y
st

em
at

ic
 i

n
te

r-
la

b
o

ra
to

ry
 d

ev
ia
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o

n
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3
0
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. 

F
o
r 

th
e 

d
ev

el
o
p

m
en

t 
o
f 

n
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 e
ff

ic
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n
t 

m
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n
et
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an
o

p
ar

ti
cl
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th

e 
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 o

f 
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n
si

st
en

cy
 i

s 

p
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b
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m
at

ic
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s 
it
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n

h
ib

it
s 
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m

p
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is
o

n
 o

f 
h

ea
ti

n
g

 p
o

w
er

s.
 T

h
is

 h
ig

h
li

g
h

ts
 t

h
e 

n
ee

d
 f

o
r 

an
 a

cc
u
ra

te
 s

ta
n
d

ar
d

 

m
ea

su
re

m
en

t 
p

ro
to

co
l 

to
 q

u
an

ti
fy

 t
h

e 
h

ea
ti

n
g

 p
o

w
er

. 
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 t

h
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 c
o

n
tr
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u

ti
o

n
, 

w
e 

p
re

se
n

t 
th

e 
im

p
o
rt

an
ce

 o
f 

th
e 

sa
m

p
le

 e
n

v
ir

o
n
m

en
t 

in
 n

o
n
-a

d
ia

b
at

ic
 A

C
 

ca
lo

ri
m

et
ri

c 
m

ea
su

re
m

en
t 

(F
ig

. 
1
).

 W
e 

d
em

o
n

st
ra

te
 h

o
w

 l
o

ca
l 

te
m

p
er

at
u
re

 i
n

cr
em

en
ts

 i
n

 t
h

e 
sa

m
p

le
 

in
su

la
ti

o
n

 i
n
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u
en

ce
 t

h
e 

m
ea

su
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d
 h

ea
ti

n
g

 p
o

w
er
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n

d
 h

o
w

 t
h

e 
h
ea

t 
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an
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er
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m

 t
h
e 
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m

p
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 c
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e 
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d
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o
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 d

ir
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y
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y
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 n

ew
 p

lo
t 
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n

ce
p

t 
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ll
ed

 s
lo

p
e 

cu
rv

es
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F
ig

. 
1

C
) 

[4
].

 A
d

d
it

io
n

al
ly

, 
w

e 
p

re
se

n
t 

a 
re

-

in
v

es
ti

g
at

io
n

 [
5
] 

o
f 

th
e 

in
te

r-
la

b
o
ra

to
ry

 d
at

a 
fr

o
m

 2
1

 l
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o
ra

to
ri

es
 [

2
].

 T
h

is
 r

ev
ea
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 f

o
u

r 
ty

p
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al
 

in
st

ru
m

en
ta

ti
o
n

 c
h

al
le

n
g

es
: 

1
) 

In
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ff
ic

ie
n

t 
te

m
p

er
at

u
re

 r
es

o
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ti
o

n
, 

2
) 

A
C

 f
ie

ld
 s

en
si

ti
v

e 
th

er
m

o
m

et
er

s,
 3

) 

N
o

n
-p

h
y

si
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l 
h
ea

t 
o
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il

la
ti

o
n

s 
an

d
 4

) 
A

p
p
ar

en
t 

n
o
n

-l
in

ea
r 

h
ea

t 
lo
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 [
5
].

 W
h

en
 e

x
cl

u
d

in
g
 d
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a 

o
f 

q
u

an
ti

fi
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 i

n
su

ff
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n
t 

m
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en
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q

u
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y
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w

e 
o

b
se
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e
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h
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 t
h
e 
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te
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b
o
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 d
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o
n
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s 
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d

u
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d
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y
 

u
p
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o
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8

%
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5
] 
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v
e 
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h
e 

3
0
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0

%
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h
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h
 w
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 f

o
u

n
d
 i

n
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2
].

 B
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ed
 o

n
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u
r 
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su

lt
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 w
e 

p
ro

p
o
se
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 p

ro
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l 

to
 

id
en

ti
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n
d
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v

o
id
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h

e 
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en
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fi
ed

 m
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m
en

t 
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n
g
es
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n

d
 s

tr
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s 
o
n
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o

w
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o
 c

o
rr
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y
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at
e 

th
e 

h
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n

g
 p

o
w
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f 
m
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n
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an
o

p
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5
].
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 D
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 p
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m
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2
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8
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at
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p
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R
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R
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p
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H
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E
E
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6
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L
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re
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n
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 c
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c 
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h
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p
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t 
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n
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 p
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t 
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e 
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m

e 
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a
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ve
 o
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 c
h

a
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g
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ll
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p
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 c
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va
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 d
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cí
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A
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1 D
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ra
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 d
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 d
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H
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n 

3 D
ep

ar
tm

en
t o

f C
IT

IM
A

C
, U

ni
ve

rs
id

ad
 d
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M
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ne
tic
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er
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m
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M
H
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a 

th
er
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eu

tic
 t

ec
hn

iq
ue

 t
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t 
em
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s 
m
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ne
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 n

an
op

ar
tic

le
s 

ex
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se
d 

to
 a

n 
al

te
rn

at
in

g 
m

ag
ne

tic
 fi

el
d 

to
 g

en
er

at
e 

he
at

, i
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re
as

in
g 

th
e 

te
m

pe
ra

tu
re

 o
f t
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 ta
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et

ed
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su

e 
an

d 
re

su
lti

ng
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 c
an
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r c

el
l d

ea
th

. A
m

on
gs

t t
he

 n
an

op
ar

tic
le

s b
ei

ng
 p

ro
po

se
d 

as
 M

H
T 

ag
en

ts
 

ar
e 

m
ag

ne
to

so
m

es
, 

m
ag

ne
tit

e 
(F

e 3
O
4)

 n
an

op
ar

tic
le

s 
en

ve
lo

pe
d 

by
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 p
ro

te
ol

ip
id

 m
em

br
an

e 
an

d 
sy

nt
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sis
ed

 b
y 

m
ag

ne
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ct

ic
 b
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te
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. 

M
ag

ne
to

so
m

es
 e

xh
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it 
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 c
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m
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, 

un
ifo

rm
 

m
or

ph
ol

og
y 

an
d 

na
rro

w
 s

iz
e 

di
str

ib
ut

io
n.

 T
he

se
 p

ro
pe

rti
es

 c
om

bi
ne

d 
w

ith
 th

ei
r 

lo
w

 t
ox

ic
ity

 a
nd
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pa
tib

ili
ty
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m

ak
e 

m
ag

ne
to

so
m
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 i
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al

 c
an
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da

te
s 

fo
r 

M
H

T-
ba
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d 
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er
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at

m
en
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H

ow
ev

er
, t

he
 m

ec
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ni
sm

s b
y 

w
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 m

ag
ne

to
so

m
es

 tr
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ge
r c

el
l d
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th

 d
ur

in
g 

M
H

T 
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m
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un
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n.
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he
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 b
ee

n 
a 

sig
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fic
an

t d
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at
e 
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pe
ct
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H
T 
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 c
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d 
m
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m
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g 
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an
d 

th
e g

en
er

at
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n 
of
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tiv
e o
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ge

n 
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ec
ie

s v
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ed
 F

en
to

n 
re
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ns
 [3

]. 
D

et
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m
in
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th
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re
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e 
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n 
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h 

m
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l 
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r 
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m
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m
ia
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at
m

en
t s
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 To

 d
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m
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e 

th
e 

m
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s 

by
 w
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ne
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so
m
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e 
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ll 
de

at
h,
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e 
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 p
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rm
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en
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g 
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 e
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at
e 

th
e 

ro
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m
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tu
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nd
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ea

se
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 m
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ne
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th
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m
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d 
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A
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s c
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m
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e 
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r m
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ne
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yp
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er
m
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57

 H
z 

an
d 

48
 m

T)
, a
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al

l g
lo
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l 

te
m

pe
ra

tu
re

 in
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ea
se

 (
ΔT

=2
 °
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 is

 r
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ce
 c

el
l d

ea
th
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nd

 th
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 m
em
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e 
pe
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ea

bi
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y 
in
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ea

se
s 
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rin

g 
m

ag
ne

tic
 h

yp
er

th
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m
ia

 tr
ea

tm
en

t. 
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e 
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p 
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to
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m
e 
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 th
e 
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 c
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n
ts

, 
m

u
lt

ip
le

 h
ea

t 
d

is
si

p
at

io
n

 p
at

h
w

ay
s,

 a
n

d
 t

im
e
-d

ep
en

d
en

t 
co

ll
o

id
al

 c
h

an
g

es
 d

u
ri

n
g

 t
h

e 

m
ea

su
re

m
en

t.
 

T
o

 r
ed

u
ce

 t
h
is

 s
tr

o
n

g
 d

ep
en

d
en

ce
 o

n
 t

h
e 

ex
p

er
im

en
ta

l 
se

tu
p
, 

w
e 

p
re

v
io

u
sl

y
 i

n
tr

o
d
u

ce
d

 t
h

e 
P

ea
k
 

A
n

al
y

si
s 

M
et

h
o
d

 (
P
A

M
) 

[2
].

 T
h

is
 m

et
h
o

d
 e

st
im

at
es

 t
h
e 

S
L

P
 f

ro
m

 t
h

e 
d
if

fe
re

n
ce

 b
et

w
ee

n
 t
h

e 
ti

m
e 

d
er

iv
at

iv
es

 o
f 

th
e 

Δ
T

(t
) 

cu
rv

e 
im

m
ed

ia
te

ly
 b

ef
o

re
 a

n
d

 a
ft

er
 t

h
e 

fi
el

d
 o

n
/o

ff
 m

ax
im

u
m

, 
w

h
er

e 

te
m

p
er

at
u
re

 
in

h
o

m
o

g
en

ei
ti

es
 
an

d
 
co

m
p

et
in

g
 
d

is
si

p
at

io
n

 
m

ec
h

an
is

m
s 

ar
e 

la
rg

el
y

 
su

p
p
re

ss
ed

. 

S
in

ce
 P

A
M

 r
el

ie
s 

o
n

 t
h
e 

d
et

er
m

in
at

io
n

 o
f 

li
n

ea
r 

sl
o
p

es
, 

a 
ri

g
o

ro
u

s 
id

en
ti

fi
ca

ti
o

n
 o

f 
th

e 
ti

m
e 

in
te

rv
al

s 
ex

h
ib

it
in

g
 l

in
ea

r 
b
eh

av
io

r 
is

 e
ss

en
ti

al
. 

H
er

e,
 w

e 
ad

d
re

ss
 t
h
is

 i
ss

u
e 

b
y

 d
ef

in
in

g
 l
in

ea
ri

ty
 f

ro
m

 a
 f

o
rm

al
 s

ta
ti

st
ic

al
 p

er
sp

ec
ti

v
e.

 S
p

ec
if

ic
al

ly
, 

w
e 

im
p

le
m

en
te

d
 

an
 

F
-t

es
t 

to
 

co
m

p
ar

e 
li

n
ea

r 
an

d
 

q
u

ad
ra

ti
c 

m
o

d
el

s,
 

al
lo

w
in

g
 

an
 

o
b
je

ct
iv

e 

d
et

er
m

in
at

io
n

 o
f 

th
e 

te
m

p
o

ra
l 

w
in

d
o

w
s 

w
h
er

e 
th

e 
sy

st
em

 b
eh

av
es

 l
in

ea
rl

y.
 T

h
is

 a
n
al

y
si

s 
w

as
 

ap
p

li
ed

 t
o

 t
h

e 
h

ea
ti

n
g

 a
n

d
 c

o
o

li
n

g
 b

ra
n
ch

es
 s

u
rr

o
u

n
d
in

g
 t
h

e 
Δ

T
(t

) 
p

ea
k

 i
n

 r
ep

ea
te

d
 m

ea
su

re
m

en
ts

 

o
f 

aq
u

eo
u
s 

su
sp

en
si

o
n

s 
o

f 
d

ex
tr

an
-c

o
at

ed
 o

ct
ah

ed
ra

l 
ir

o
n

 o
x

id
e 

n
an

o
p

ar
ti

cl
es

. 
T

h
e 

re
su

lt
s 

re
v

ea
l 

a 
w

el
l-

d
ef

in
ed

 a
n
d

 r
el

at
iv

el
y

 n
ar

ro
w

 l
in

ea
r 

re
g
im

e,
 u

n
d

er
sc

o
ri

n
g
 t

h
e 

n
ee

d
 t

o
 a

cc
u
ra

te
ly

 i
d
en

ti
fy

 

th
is

 i
n
te

rv
al

 p
ri

o
r 

to
 S

L
P

 e
v
al

u
at

io
n

. 

T
h

e 
sa

m
e 

st
at

is
ti

ca
l 

ap
p

ro
ac

h
 w

as
 a

ls
o

 a
p

p
li

ed
 t

o
 c

o
n
v

en
ti

o
n

al
 I

S
M

. 
In

 a
ll

 c
as

es
, 

P
A

M
 y

ie
ld

ed
 

sy
st

em
at

ic
al

ly
 h

ig
h
er

 S
L

P
 v

al
u

es
 t

h
an

 I
S

M
, 

in
 a

g
re

em
en

t 
w

it
h

 p
re

v
io

u
s 

re
p
o

rt
s 

in
d

ic
at

in
g

 t
h

at
 

IS
M

 t
en

d
s 

to
 u

n
d

er
es

ti
m

at
e 

S
L

P
 [

3
].

 N
o

ta
b

ly
, 

th
e 

li
n
ea

r 
re

g
io

n
 i

d
en

ti
fi

ed
 b

y
 t

h
e 

F
-t

es
t 

is
 l

o
ca

te
d
 

fa
r 

fr
o
m

 t
h

e 
ti

m
e 

w
in

d
o

w
 t

y
p

ic
al

ly
 s

el
ec

te
d

 f
o
r 

IS
M

 f
it

ti
n

g
. 

T
o

 
su

p
p
o

rt
 

m
o
re

 
st

an
d
ar

d
iz

ed
 

an
d

 
re

p
ro

d
u

ci
b

le
 

S
L

P
 

d
et

er
m

in
at

io
n

, 
w

e 
d

ev
el

o
p

ed
 

S
L

P
ca

lc
u

la
to

r.
co

m
, 

an
 o

p
en

-a
cc

es
s 

an
d

 u
se

r-
fr

ie
n

d
ly

 t
o

o
l 

th
at

 a
u

to
m

at
ic

al
ly

 c
o

m
p

u
te

s 
S

L
P

 

u
si

n
g
 P

A
M

 w
it

h
in

 t
h

e 
st

at
is

ti
ca

ll
y

 v
al

id
at

ed
 l

in
ea

r 
re

g
im

e.
 F

o
r 

co
m

p
ar

is
o

n
, 

th
e 

so
ft

w
ar

e 
al

so
 

re
p

o
rt

s 
S

L
P

 v
al

u
es

 o
b
ta

in
ed

 w
it

h
 t

h
e 

co
n

v
en

ti
o

n
al

 I
S

M
. 

 

 
F

ig
u

re
 1

. 
S

ch
em

at
ic

 r
ep

re
se

n
ta

ti
o

n
 o

f 
th

e 
S

L
P

ca
lc

u
la

to
r 

w
o

rk
fl

o
w

: 
sl

o
p

e 
fi

tt
in

g
 a

ro
u

n
d

 t
h

e 
Δ

T
(t

) 
p

ea
k

, 
F

-

te
st

 d
et

er
m

in
at

io
n

 o
f 

th
e 

li
n

ea
r 

fi
tt

in
g

 r
an

g
e,

 a
n
d

 a
u

to
m

at
ed

 S
L

P
 c

al
cu

la
ti

o
n

 i
n

 t
h

e 
w

eb
 p

la
tf

o
rm

. 

 [1
] 

J.
 W

el
ls

 e
t 

al
.,

 I
n

te
rn

at
io

n
al

 J
o

u
rn

al
 o

f 
H

y
p

er
th

er
m

ia
 3

8
, 
4

4
7

 (
2

0
2
1

).
 

[2
] 

S
. 

R
u

ta
 e

t 
al

.,
 N

an
o

sc
al

e 
A

d
v

an
ce

s 
6

, 
4

2
0
7

 (
2
0

2
4
).

  

[3
] 

E
. A

. 
P

er
ig

o
, 

et
 a

l.
, A

p
p

li
ed

 P
h

y
si

cs
 R

ev
ie

w
s,

 2
 (

2
0

1
5
).
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O
pt

o‑
M

ag
ne

tic
al

ly
 G

ui
de

d 
M

on
oc

yt
es

 fo
r 

E
nh

an
ce

d 
N

an
ot

he
ra

py
 in

 3
D

 B
io

pr
in

te
d 

Tu
m

or
 M

od
el

s 

A
ri

tz
 L

af
ue

nt
e1,

3 , 
M

el
ik

a 
Pa

rc
he

hb
af

 K
as

ha
ni

2 , 
A

le
ja

nd
ro

 G
. 

R
oc

a1 , 
E

le
na

 M
ar

tín
ez

2 , 
Jo

se
p 

N
og

ué
s1 , 

M
ar

ía
 G

ar
cí

a-
D

ía
z2 , 

B
or

ja
 S

ep
úl

ve
da

3 *
 

1  C
at

al
an

 In
st

itu
te

 o
f N

an
os

ci
en

ce
 a

nd
 N

an
ot

ec
hn

ol
og

y 
(I

CN
2)

, B
ar

ce
lo

na
, S

pa
in

. 
2   

In
st

itu
te

 fo
r B

io
en

gi
ne

er
in

g 
of

 C
at

al
on

ia
 (I

BE
C

), 
Ba

rc
el

on
a,

 S
pa

in
. 

3  I
ns

tit
ut

o 
de

 M
ic
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el

ec
tr

ón
ic

a 
de

 B
ar

ce
lo

na
 (I

M
B-

C
N

M
, C

SI
C

),B
ar

ce
lo

na
, S

pa
in

. 
*e

m
ai

l: 
ar

itz
.la

fu
en

te
@

cs
ic

.e
s 

Th
e 

cl
in

ic
al

 tr
an

sl
at

io
n 

of
 n

an
op

ar
tic

le
-b

as
ed

 c
an

ce
r t

he
ra

pi
es

 re
m

ai
ns

 li
m

ite
d 

by
 in

ef
fic

ie
nt

 tu
m

or
 a

cc
um

ul
at

io
n 

an
d 

th
e 

pr
es

en
ce

 o
f 

co
m

pl
ex

 b
io

lo
gi

ca
l 

ba
rr

ie
rs

. T
o 

ad
dr

es
s 

th
is

 c
ha

lle
ng

e,
 w

e 
pr

es
en

t 
a 

m
on

oc
yt

e-
m

ed
ia

te
d 

de
liv

er
y 

sy
st

em
 u

til
iz

in
g 

po
ly

la
ct

ic
-c

o-
gl

yc
ol

ic
 a

ci
d 

(P
LG

A
) n

an
op

ar
tic

le
s l

oa
de

d 
w

ith
 d

oc
et

ax
el

 p
ar

tia
lly

 c
oa

te
d 

by
 a

 m
ag

ne
to

-o
pt

ic
 n

an
od

om
e-

sh
ap

ed
 F

e/
Si

O
2 s

em
is

he
ll 

(N
D

s)
. T

H
P-

1 
m

on
oc

yt
es

 w
er

e 
us

ed
 a

s c
el

lu
la

r c
ar

rie
rs

 

du
e 

to
 th

ei
r i

nn
at

e 
tu

m
or

-h
om

in
g 

ca
pa

bi
lit

ie
s 

an
d 

hi
gh

 n
an

op
ar

tic
le

 u
pt

ak
e,

 fo
rm

in
g 

bi
oh

yb
rid

 “
Tr

oj
an

-h
or

se
s”

 

ca
pa

bl
e 

of
 c

ro
ss

in
g 

bi
ol

og
ic

al
 b

ar
rie

rs
. T

he
 N

D
s 

re
ta

in
ed

 th
ei

r p
hy

si
co

ch
em

ic
al

 p
ro

pe
rti

es
 a

fte
r i

nt
er

na
liz

at
io

n,
 

en
ab

lin
g 

bo
th

 h
ig

hl
y 

ef
fic

ie
nt

 m
ag

ne
tic

 g
ui

da
nc

e 
an

d 
ph

ot
ot

he
rm

al
 a

ct
iv

at
io

n.
  W

e 
ev

al
ua

te
d 

th
e 

m
ag

ne
tic

 a
nd

 

op
tic

al
 c

on
tro

l, 
an

d 
th

e 
th

er
ap

eu
tic

 p
er

fo
rm

an
ce

 o
f N

D
-lo

ad
ed

 m
on

oc
yt

es
 (T

H
P1

@
N

D
s)

 in
 b

ot
h 

tra
ns

w
el

l a
nd

 in
 

ad
va

nc
ed

 3
D

 b
io

pr
in

te
d 

ca
nc

er
 m

od
el

s 
th

at
 m

im
ic

 th
e 

tu
m

or
 m

ic
ro

en
vi

ro
nm

en
t, 

in
cl

ud
in

g 
en

do
th

el
ia

l b
ar

rie
rs

, 

st
ro

m
al

 c
om

po
ne

nt
s 

an
d 

co
lo

re
ct

al
 c

an
ce

r s
ph

er
oi

ds
. M

ag
ne

tic
al

ly
 g

ui
de

d 
TH

P1
@

N
D

s 
de

m
on

st
ra

te
d 

en
ha

nc
ed

 

ex
tra

va
sa

tio
n 

in
 tr

an
sw

el
l a

ss
ay

s 
an

d 
pr

ef
er

en
tia

l a
cc

um
ul

at
io

n 
ar

ou
nd

 th
e 

ca
nc

er
 s

ph
er

oi
ds

. U
po

n 
ne

ar
-in

fr
ar

ed
 

la
se

r 
irr

ad
ia

tio
n,

 a
 s

yn
er

gi
st

ic
 c

he
m

o-
ph

ot
ot

he
rm

al
 e

ffe
ct

 w
as

 o
bs

er
ve

d,
 s

ig
ni

fic
an

tly
 r

ed
uc

in
g 

ca
nc

er
 c

el
l 

vi
ab

ili
ty

 an
d 

in
du

ci
ng

 ap
op

to
si

s. 
In

 th
e 3

D
 b

io
pr

in
te

d 
tu

m
or

al
 m

od
el

, m
ag

ne
tic

al
ly

 ac
tu

at
ed

 m
on

oc
yt

es
 p

en
et

ra
te

d 

re
m

ar
ka

bl
y 

de
ep

er
 in

to
 th

e 
hy

dr
og

el
 m

at
rix

, a
ch

ie
vi

ng
 u

p 
to

 6
0%

 v
ia

bi
lit

y 
re

du
ct

io
n,

 o
ut

pe
rf

or
m

in
g 

fr
ee

 d
ru

g 

de
liv

er
y,

 w
hi

ch
 d

id
 n

ot
 c

au
se

 a
ny

 th
er

ap
eu

tic
 e

ffe
ct

. T
he

se
 f

in
di

ng
s 

un
de

rs
co

re
 th

e 
po

te
nt

ia
l o

f 
m

ag
ne

tic
al

ly
-

gu
id

ed
 im

m
un

e 
ce

ll-
m

ed
ia

te
d 

na
no

pa
rti

cl
e 

de
liv

er
y 

sy
st

em
s 

to
 o

ve
rc

om
e 

tu
m

or
 b

ar
rie

rs
 a

nd
 e

nh
an

ce
 lo

ca
liz

ed
 

na
no

th
er

ap
y.

 T
he

 i
nt

eg
ra

tio
n 

of
 i

m
m

un
e‑

ce
ll 

ca
rr

ie
rs

 w
ith

 b
io

m
im

et
ic

 3
D

 t
um

or
 m

od
el

s 
pr

ov
id

es
 a

 r
ob

us
t 

pl
at

fo
rm

 f
or

 e
va

lu
at

in
g 

th
e 

ne
xt

‑g
en

er
at

io
n 

of
 n

an
ot

he
ra

pi
es

, r
ep

re
se

nt
in

g 
a 

pr
om

is
in

g 
st

ra
te

gy
 to

 im
pr

ov
e 

th
e 

ef
fic

ac
y 

an
d 

sp
ec

ifi
ci

ty
 o

f c
an

ce
r t

re
at

m
en

ts
. 

Fi
gu

re
: E

xt
er

na
lly

 g
ui

de
d,

 o
pt

o–
m

ag
ne

tic
 n

an
op

ar
tic

le
–l

oa
de

d 
m

on
oc

yt
es

 e
ffi

ci
en

tly
 in

fil
tra

te
 b

io
pr

in
te

d 
3D

 
tu

m
or

s. 
M

ag
ne

tic
 ta

rg
et

in
g 

co
m

bi
ne

d 
w

ith
 p

ho
to

th
er

m
al

 a
ct

iv
at

io
n 

am
pl

ifi
es

 d
oc

et
ax

el
 e

ffi
ca

cy
, e

na
bl

in
g 

a 
hi

gh
ly

 c
on

tro
lle

d 
an

d 
po

te
nt

 c
an

ce
r n

an
ot

he
ra

py
 p

la
tfo

rm
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C
at

ch
in

g 
an

d 
C

ou
nt

in
g 

M
ol

ec
ul

es
 w

ith
 B

uo
ya

nt
 M

ic
ro

bu
bb

le
s a

nd
 M

ag
ne

tic
 M

ic
ro

sp
he

re
s 

fo
r 

R
ap

id
 y

et
 U

ltr
as

en
si

tiv
e 

Po
in

t-o
f-C

ar
e 

D
ia

gn
os

tic
s 

A
ut

ho
rs

: C
hu

an
le

i W
an

g1 , Z
ah

ra
 K

ar
im

po
ur

 k
al

ou
1 , W

al
te

r J
oh

ns
on

2 , E
m

or
y 

Sa
tte

rfi
el

d1 , 
N

ic
ho

la
s E

rw
in

1 , J
os

e 
C

or
re

a3 , W
es

 W
am

pl
er

3 , P
hi

lli
p 

M
os

ch
el

la
3,

4,
5 , D

el
ph

in
e 

D
ea

n6 , T
zu

en
-

R
on

g 
Je

re
m

y 
Tz

en
g2 , J

ef
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N

. A
nk

er
1,

6 * 

 1 
C

le
m

so
n 

U
ni

ve
rs

ity
 D

ep
ar

tm
en

t o
f C

he
m

is
try

, C
le

m
so

n 
SC

. 2 
C

le
m

so
n 

U
ni

ve
rs

ity
 D

ep
ar
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en

t o
f B

io
lo

gi
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l 
Sc

ie
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es
, C

le
m

so
n 

SC
. 3  P

ris
m

a 
H

ea
lth

 D
ep

ar
tm

en
t o

f E
m

er
ge
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y 

M
ed
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in

e,
 G

re
en

vi
lle

, S
ou

th
 C

ar
ol
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a.

 
4 U
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ity

 o
f S

ou
th

 C
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ol
in
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ho
ol
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f M

ed
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in
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- G
re

en
vi

lle
, G

re
en

vi
lle

, S
ou

th
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ar
ol

in
a.

 5  C
le

m
so
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U

ni
ve

rs
ity

 
Sc

ho
ol

 o
f H

ea
lth

 R
es

ea
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h,
 C

le
m

so
n,

 S
ou

th
 C

ar
ol

in
a.

 6 
C

le
m

so
n 

U
ni

ve
rs

ity
 D

ep
ar

tm
en

t o
f B

io
en

gi
ne

er
in

g,
 

C
le

m
so

n 
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. * C
or

re
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ng
 a

ut
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r e
m
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l: 
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nk
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te

rp
ar

tic
le

 
in

te
ra

ct
io

ns
, 

si
gn

al
 v

ar
ia

bi
lit

y,
 a

nd
 s

ta
tis

tic
al

 i
nt

er
pr

et
at

io
n 

in
 M

PS
 u

si
ng

 2
2 

nm
 i

ro
n 

ox
id

e 
na

no
pa

rti
cl

es
 (

IO
N

Ps
) 

fu
nc

tio
na

liz
ed

 w
ith

 2
0 

kD
a 

po
ly

(e
th

yl
en

e 
gl

yc
ol

) 
of

 v
ar

yi
ng

 m
ol

ec
ul

ar
 

w
ei

gh
t. 

C
ha

ng
es

 i
n 

PE
G

 l
en

gt
h 

m
od

ul
at

e 
in

te
rp

ar
tic

le
 s

pa
ci

ng
 a

nd
 a

gg
re

ga
tio

n 
be

ha
vi

or
, 

pr
ov

id
in

g 
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tu
na

bl
e 

pl
at

fo
rm

 to
 s

tu
dy

 m
ag

ne
tic

 c
ou

pl
in

g 
an

d 
re

la
xa

tio
n 

dy
na

m
ic

s 
of

 a
gg

re
ga

te
d 

sy
st

em
s.

 S
tru

ct
ur

al
 a

nd
 m

ag
ne

tic
 p

ro
pe

rti
es

 a
re

 c
ha

ra
ct

er
iz

ed
 t

hr
ou

gh
 s

m
al

l 
an

gl
e 

X-
ra

y 
sc

at
te

rin
g 

(S
AX

S)
, 

vi
br

at
in

g 
sa

m
pl

e 
m

ag
ne

to
m

et
ry

 w
ith

 f
irs

t-o
rd

er
 r

ev
er

sa
l 

cu
rv

es
 (

FO
R

C
) 

an
al

ys
is

, A
C

 s
us

ce
pt

ib
ilit

y 
an

d 
M

PS
.  

R
ep

ea
te

d 
M

PS
 

m
ea

su
re

m
en

ts
 

un
de

r 
id

en
tic

al
 c

on
di

tio
ns

 r
ev

ea
l 

su
bs

ta
nt

ia
l 

st
ru

ct
ur

ed
 

va
ria

bi
lit

y 
co

ns
is

te
nt

 w
ith

 a
 n

on
-s

ta
tio

na
ry

 
m

ea
su

re
m

en
t 

pr
oc

es
s.

Tr
an

sf
or

m
at

io
ns

 c
om

m
on

ly
 u

se
d 

to
 n

or
m

al
iz

e 
m

as
s 

lo
ad

in
g 

ef
fe

ct
s,

 
in

cl
ud

in
g 

ha
rm

on
ic

 
ra

tio
s,

 
re

di
st

rib
ut

e 
va

ria
nc

e 
w

ith
ou

t 
re

so
lv

in
g 

th
e 

un
de

rly
in

g 
va

ria
bi

lit
y.

 T
o 

ad
dr

es
s 

th
is

 l
im

ita
tio

n,
 w

e 
im

pl
em

en
te

d 
a 

hi
er

ar
ch

ic
al

 
m

ix
ed

 e
ffe

ct
s 

m
od

el
 t

o 
pa

rti
tio

n 
w

ith
in

-ru
n 

an
d 

te
m

po
ra

l 
so

ur
ce

s 
of

 v
ar

ia
tio

n 
w

hi
le

 p
ro

vi
di

ng
 

co
nf

id
en

ce
 e

st
im

at
es

 th
at

 r
ef

le
ct

 th
e 

ob
se

rv
ed

 v
ar

ia
nc

e 
st

ru
ct

ur
e 

ac
ro

ss
 o

bs
er

va
tio

n 
le

ve
ls

. I
n 

pa
ra

lle
l, 

w
e 

in
tro

du
ce

 a
 s

am
pl

in
g 

fra
m

ew
or

k 
fo

r 
de

te
rm

in
in

g 
ad

eq
ua

te
 m

ea
su

re
m

en
t p

ro
to

co
ls

 
fo

r 
re

lia
bl

e 
M

PS
 a

na
ly

si
s.

 T
og

et
he

r, 
th

es
e 

fin
di

ng
s 

es
ta

bl
is

h 
a 

co
m

bi
ne

d 
ex

pe
rim

en
ta

l 
an

d 
st

at
is

tic
al

 fr
am

ew
or

k 
fo

r i
nt

er
pr

et
in

g 
M

PS
 s

ig
na

ls
 in

 in
te

ra
ct

in
g 

na
no

pa
rti

cl
e 

sy
st

em
s,

 a
dv

an
ci

ng
 

qu
an

tit
at

iv
e 

an
d 

re
pr

od
uc

ib
le

 a
na

ly
si

s 
of

 m
ag

ne
tic

 c
ar

rie
rs

 fo
r b

io
m

ed
ic

al
 s

en
si

ng
 a

pp
lic

at
io

ns
. 

Fi
gu

re
 2

:  
95

%
 C

on
fid

en
ce

 in
te

rv
al

s 
fo

r P
EG

 c
oa

te
d 

IO
N

Ps
 w

ith
 th

e 
le

as
t 

sq
ua

re
s 

ap
pr

oa
ch

 a
nd

 li
ne

ar
 m

ix
ed

 m
od

el
. 

Fi
gu

re
 1

: P
ro

po
se

d 
na

no
pa

rt
ic

le
 s

pa
ci

ng
de

pe
nd

en
ce

 o
n 

lig
an

d 
m

ol
ec

ul
ar

 w
ei

gh
t 

T
al

k 
48



M
a

g
n

et
ic

 P
a

rt
ic

le
 I

m
a

g
in

g
 a

n
d

 F
u

n
ct

io
n

a
l 

H
y

d
ro

g
el

s 
fo

r 
M

ic
ro

- 
a

n
d

 N
a

n
o

ro
b

o
ti

cs
 

A
n

n
a
 C

. 
B

a
k

en
ec

k
er

 

M
ed

ic
al

 E
n
g

in
ee

ri
n
g

, 
D

ep
ar

tm
en

t 
o

f 
E

le
ct

ri
ca

l 
E

n
g

in
ee

ri
n

g
 a

n
d
 I

n
fo

rm
at

io
n
 T

ec
h
n

o
lo

g
y,

 

T
ec

h
n

ic
al

 U
n

iv
er

si
ty

 o
f 

D
ar

m
st

ad
t,

 G
er

m
an

y
  

E
m

ai
l:

 a
n

n
a.

b
ak

en
ec

k
er

@
tu

-d
ar

m
st

ad
t.

d
e 

M
ic

ro
- 

an
d
 n

an
o
ro

b
o
ts

 c
an

 b
e 

m
ag

n
et

ic
al

ly
 g

u
id

ed
 t
o
 a

 t
ar

g
et

 i
n

 t
h
e 

b
o
d
y
 a

n
d
 e

n
ab

le
 t
h
e 

lo
ca

l 
ad

m
in

is
tr

at
io

n
 

o
f 

th
er

ap
eu

ti
cs

 o
r 

th
er

m
al

 t
re

at
m

en
t.

 V
ar

io
u
s 

m
at

er
ia

ls
 a

n
d
 s

h
ap

es
 a

re
 b

ei
n
g
 d

ev
el

o
p
ed

 f
o
r 

th
is

 p
u
rp

o
se

 t
h
at

 

ar
e 

sp
ec

ia
ll

y
 t

ai
lo

re
d
 t

o
 t

h
ei

r 
re

sp
ec

ti
v
e 

m
ed

ic
al

 a
p
p
li

ca
ti

o
n
, 

ar
e 

b
io

co
m

p
at

ib
le

 o
r 

b
io

d
eg

ra
d
ab

le
 a

n
d
 r

ea
ct

 

to
 s

ti
m

u
li

. 
T

o
m

o
g
ra

p
h
ic

 r
ea

l-
ti

m
e 

v
is

u
al

iz
at

io
n
 i

s 
es

se
n
ti

al
 f

o
r 

th
e 

p
re

ci
se

 a
n
d
 s

af
e 

co
n
tr

o
l 

o
f 

m
ic

ro
- 

an
d
 

n
an

o
ro

b
o
ts

. 
F

o
r 

th
is

 p
u
rp

o
se

, 
m

ag
n
et

ic
 p

ar
ti

cl
e 

im
ag

in
g
 (

M
P

I)
 c

an
 b

e 
u
se

d
 f

o
r 

th
e 

tr
ac

k
in

g
 o

f 
m

ic
ro

- 
an

d
 

n
an

o
ro

b
o
ts

. 
In

 a
d
d
it

io
n

 t
o
 i

ts
 a

d
v
an

ta
g
es

 o
f 

th
re

e
-d

im
en

si
o
n
al

 i
m

ag
in

g
, 

h
ig

h
 a

cq
u
is

it
io

n
 r

at
es

, 
an

d
 t

h
e 

ab
se

n
ce

 o
f 

io
n
iz

in
g
 r

ad
ia

ti
o
n
, 

it
 a

ls
o
 e

n
ab

le
s 

fu
n
ct

io
n
al

 i
m

ag
in

g
 o

f 
p
ar

am
et

er
s 

su
ch

 a
s 

te
m

p
er

at
u
re

 a
n
d
 t

h
e 

v
is

co
si

ty
 o

f 
th

e 
su

rr
o
u
n
d
in

g
 m

ed
iu

m
. 

T
h
is

 c
ap

ab
il

it
y,

 k
n
o
w

n
 a

s 
m

u
lt

i-
co

n
tr

as
t 

o
r 

m
u
lt

i-
co

lo
r 

M
P

I,
 a

ll
o
w

s 

n
o
t 

o
n
ly

 t
h
e 

tr
ac

k
in

g
 o

f 
m

ic
ro

- 
an

d
 n

an
o
ro

b
o
ts

 b
u
t 

al
so

 p
ro

v
id

es
 v

al
u
ab

le
 i

n
fo

rm
at

io
n
 a

b
o
u
t 

th
ei

r 
lo

ca
l 

en
v
ir

o
n
m

en
t.

 

F
o
r 

b
io

m
ed

ic
al

 a
p
p
li

ca
ti

o
n
s,

 p
H

 i
s 

a 
v
al

u
ab

le
 i

n
d
ic

at
o
r,

 a
s 

it
 o

ft
en

 c
h
an

g
es

 a
t 

si
te

s 
o
f 

in
fl

am
m

at
io

n
 o

r 
in

 t
h
e 

v
ic

in
it

y
 o

f 
tu

m
o
ro

u
s 

ti
ss

u
e.

 I
 w

il
l 

p
re

se
n
t 

a 
m

et
h
o
d
 f

o
r 

re
so

lv
in

g
 t

h
e 

p
H

 w
it

h
 m

u
lt

i-
co

n
tr

as
t 

M
P

I 
u
si

n
g
 a

 

p
H

-r
es

p
o
n
si

v
e,

 m
ag

n
et

ic
al

ly
 f

u
n
ct

io
n
al

iz
ed

 h
y
d
ro

g
el

 [
1

].
 O

n
e 

p
o
te

n
ti

al
 a

p
p
li

ca
ti

o
n

 o
f 

th
is

 a
p
p
ro

ac
h
 i

s 

m
o
n
it

o
ri

n
g
 p

H
 l
ev

el
s 

w
it

h
in

 t
h
e 

u
ri

n
ar

y
 t
ra

ct
, 
w

h
er

e 
d
ec

re
as

ed
 p

H
 c

an
 c

o
n
tr

ib
u
te

 t
o
 t
h
e 

fo
rm

at
io

n
 o

f 
k
id

n
ey

 

st
o
n
es

. 
I 

w
il

l 
in

tr
o
d
u
ce

 a
 s

o
ft

 m
ag

n
et

ic
 m

in
ia

tu
re

 r
o
b
o
t 

d
es

ig
n
ed

 t
o

 d
is

so
lv

e 
k
id

n
ey

 s
to

n
es

 b
y
 l

o
ca

ll
y
 

m
o
d
if

y
in

g
 t

h
e 

p
H

 t
h
ro

u
g
h
 a

n
 o

n
b
o
ar

d
 e

n
zy

m
at

ic
 r

ea
ct

io
n

 [
2
].

 

F
ig

u
re

: 
A

) 
M

u
lt

i 
co

n
tr

as
t 

M
P

I 
o
f 

a 
m

ag
n
et

ic
 h

y
d
ro

g
el

 i
n
 s

o
lu

ti
o
n
 o

f 
p
H

 2
 a

n
d
 p

H
 7

. 
T

ak
en

 f
ro

m
 [

1
] 

B
) 

A
 

so
ft

 m
ag

n
et

ic
 r

o
b
o
t 

an
d
 a

 k
id

n
ey

 s
to

n
e 

(l
ef

t)
 t

h
e 

m
ag

n
et

ic
 m

ic
ro

ro
b
o
t 

ca
n
 r

ed
u
ce

 t
h
e 

m
as

s 
o
f 

th
e 

k
id

n
ey

 

st
o
n
e 

b
y
 c

h
an

g
in

g
 t

h
e 

p
H

 t
h
ro

u
g
h
 t

h
e 

en
zy

m
at

ic
 r

ea
ct

io
n
 o

f 
lo

ad
ed

 u
re

as
e 

(r
ig

h
t)

. 
T

ak
en

 f
ro

m
 [

2
] 

[1
]

B
. 

K
lu

w
e 

et
 a

l.
 M

u
lt

i-
co

n
tr

as
t 

m
ag

n
et

ic
 p

ar
ti

cl
e 

im
ag

in
g
 f

o
r 

to
m

o
g

ra
p

h
ic

 p
H

 m
o

n
it

o
ri

n
g

 u
si

n
g

 s
ti

m
u

li
-r

es
p

o
n

si
v

e

h
y

d
ro

g
el

s.
 C

o
m

m
u

n
 E

n
g

 (
2

0
2
6

).
 D

O
I:

 1
0
.1

0
3

8
/s

4
4

1
7

2
-0

2
6

-0
0

5
8
6

-8

[2
] 

A
. 

K
h

ab
b

az
ia

n
 e

t 
al

. 
K

id
n

ey
 S

to
n

e 
D

is
so

lu
ti

o
n

 B
y

 T
et

h
er

le
ss

, 
E

n
zy

m
e
-L

o
ad

ed
, 

S
o

ft
 M

ag
n

et
ic

 M
in

ia
tu

re
 R

o
b

o
ts

.

A
d

v.
 H

ea
lt

h
ca

re
 M

at
er

. 
(2

0
2

5
).

 D
O

I:
 1

0
.1

0
0

2
/a

d
h

m
.2

0
2
4

0
3
4

2
3

In
vi

te
d 

T
al

k 
6

In
vi

te
d

 t
al

k

D
yn

am
ic

 M
ag

ne
tic

 R
es

po
ns

e 
of

 M
ag

ne
tic

 M
ul

tic
or

e 
Pa

rt
ic

le
s:

 C
om

pe
tin

g 
A

ni
so

tr
op

ie
s 

V
la

di
m

ir
 Z

ve
re

v1
, E

ka
te

ri
na

 N
ov

ak
1 , 

A
nd

re
y 

K
uz

ne
ts

ov
2 , 

an
d 

So
fia

 K
an

to
ro

vi
ch
2  

1  I
ns

tit
ut

e 
of

 N
at

ur
al

 S
ci

en
ce

s a
nd

 M
at

he
m

at
ic

s, 
U

ra
l F

ed
er

al
 U

ni
ve

rs
ity

, E
ka

te
rin

bu
rg

, 6
20

00
0,

 R
us

sia
. 

2  F
ac

ul
ty

 o
f P

hy
sic

s, 
U

ni
ve

rs
ity

 o
f V

ie
nn

a,
 B

ol
zm

an
ng

as
se

 5
, V

ie
nn

a 
10

90
, A

us
tri

a.
 

*E
m

ai
l: 

so
fia

.k
an

to
ro

vi
ch

@
un

iv
ie

.a
c.

at
 

R
ec

en
tly

, i
t h

as
 b

ee
n 

fo
un

d 
th

at
 m

ul
tic

or
e 

ar
ch

ite
ct

ur
e 

ca
n 

si
gn

ifi
ca

nt
ly

 e
nh

an
ce

 m
ag

ne
tic

 lo
ss

es
 a

nd
 

m
od

ify
 re

la
xa

tio
n 

sp
ec

tra
 c

om
pa

re
d 

to
 si

ng
le

-c
or

e 
pa

rti
cl

es
, e

ve
n 

w
he

n 
th

e 
ov

er
al

l p
ar

tic
le

 si
ze

 is
 

co
m

pa
ra

bl
e 

[1
]. 

Th
is

 h
ap

pe
ns

 b
ec

au
se

 o
f a

dd
iti

on
al

 in
te

rn
al

 d
eg

re
es

 o
f f

re
ed

om
: m

ag
ne

tic
 in

te
ra

ct
io

ns
 

be
tw

ee
n 

th
e 

co
re

s, 
co

rr
el

at
io

ns
 m

ed
ia

te
d 

by
 th

e 
su

rr
ou

nd
in

g 
m

at
rix

, a
nd

 m
ul

tip
le

 re
la

xa
tio

n 
m

ec
ha

ni
sm

s 
op

er
at

in
g 

on
 d

is
tin

ct
 le

ng
th

 a
nd

 ti
m

e 
sc

al
es

 [2
]. 

H
ow

ev
er

, m
os

t o
f t

he
 e

xi
st

in
g 

w
or

k 
ha

s f
oc

us
ed

 o
n 

sp
he

ric
al

 m
ul

tic
or

es
, l

ea
vi

ng
 th

e 
co

m
bi

ne
d 

ef
fe

ct
s o

f s
ha

pe
 a

ni
so

tro
py

 a
nd

 m
ul

tic
or

e 
st

ru
ct

ur
e 

la
rg

el
y 

un
ex

pl
or

ed
. 

In
 th

is
 w

or
k,

 w
e 

ha
ve

 sy
st

em
at

ic
al

ly
 in

ve
st

ig
at

ed
 th

e 
dy

na
m

ic
 m

ag
ne

tic
 re

sp
on

se
 o

f m
ul

tic
or

e 
m

ag
ne

tic
 

el
lip

so
id

s, 
w

ith
 a

 p
ar

tic
ul

ar
 e

m
ph

as
is

 o
n 

th
e 

ro
le

 o
f p

ar
tic

le
 sh

ap
e 

in
 c

om
bi

na
tio

n 
w

ith
 in

te
rn

al
 m

ag
ne

tic
 

in
te

ra
ct

io
ns

. U
si

ng
 c

oa
rs

e-
gr

ai
ne

d 
B

ro
w

ni
an

 d
yn

am
ic

s s
im

ul
at

io
ns

 c
ou

pl
ed

 w
ith

 a
 m

ic
ro

sc
op

ic
 

de
sc

rip
tio

n 
of

 N
ée

l r
el

ax
at

io
n 

at
 th

e 
le

ve
l o

f i
nd

iv
id

ua
l c

or
es

 [3
], 

w
e 

w
er

e 
ab

le
 to

 re
so

lv
e 

th
e 

in
te

rp
la

y 
be

tw
ee

n 
B

ro
w

ni
an

 ro
ta

tio
n,

 in
te

rn
al

 m
ag

ne
tic

 a
ni

so
tro

py
, a

nd
 d

ip
ol

ar
 in

te
r-c

or
e 

co
up

lin
g.

 

O
ur

 m
od

el
lin

g 
ap

pr
oa

ch
 tr

ea
te

d 
ea

ch
 m

ul
tic

or
e 

pa
rti

cl
e 

as
 a

 ri
gi

d 
el

lip
so

id
al

 c
lu

st
er

 o
f i

nt
er

ac
tin

g 
m

ag
ne

tic
 g

ra
in

s, 
in

co
rp

or
at

in
g 

bo
th

 d
ip

ol
e-

di
po

le
 in

te
ra

ct
io

ns
 a

nd
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Poster Sessions  |  Tuesday, May 26  - No. 1 - 53  |  Wednesday, May 27 - No. 54 - 107
First Author Title City, Country Corresponding Author

1 Agaesse, Angela
Magnetic Hyperthermia and Mechanical Ablation Induce an Anti-Tumor 
Immune Response in Pancreatic Ductal Adenocarcinoma

Toulouse, France Agaesse, Angela

2
Altuna Ruiz de Eguino, 
Amaia

Magnetic Bead Redispersion: The Often Overlooked Control That Shapes 
Automated Chemiluminescent Assay Outcomes

Church Stretton, UK
Altuna Ruiz de Eguino, 
Amaia

3 Antal, Iryna
Amino Acid-Functionalized Magnetic Nanoparticles with Enhanced Colloidal 
and Relaxivity Properties for MRI Applications

Kosice, Slovakia Antal, Iryna

4 Arik, Feyzanur Positively charged Gold-Iron Oxide Nanoparticles for Immune Therapy Tübingen, Germany Arik, Feyzanur

5 Armenia, Ilaria
Magnetic-Chitosan Nanocarriers for CRISPR/Cas9 Delivery in Hermetia 
illucens

Varese, Italy Armenia, Ilaria

6 Bär, Sebastien
MPI guided soft magnetic fluid hyperthermia using antibody-conjugated 
MNPs allows Blood-Brain Barrier opening in the rat

Freiburg im Breisgau, 
Germany

Bär, Sebastien

7 Barutiak, Michael
UV-C Activated APTES Functionalization of Fe3O4 Magnetic Nanoparticles 
for RNA Separation

Kosice, Slovakia Barutiak, Michael

8 Bikulov, Timur
Decoupling interaction and viscous effects in nonlinear responses through 
direct partition function evaluation

Jülich, Germany Bikulov, Timur

9 Boelens, Peter
Characterization of citric acid coated magnetic nanoparticles attachment to 
Y2O3:Eu for recycling applications

Dresden, Germany Boelens, Peter

10 Boulant, Lou
Fibrin matrices dissolution enhanced by self-assembling magnetic colloid's 
actuation

Nice, France Boulant, Lou

11
Buhne, Maria-
Josephina

Continuous Coagulation Monitoring of Human Blood via Magnetic Particle 
Spectroscopy

Lübeck, Germany Aderhold, Eric

12 Cam, Necda
Tuning field amplitude to minimise heat-loss variability in magnetic 
hyperthermia

Santiago de 
Compostela, Spain

Cam, Necda

13 Caoure, Elisa
Innovative detection of biological targets using a magnetic sensor-based 
biochip prototype for future early diagnosis

Saclay, France Caoure, Elisa

14 Casas, Enric
Design of Anisotropic Magneto-Opto-Mechanical Nanocapsules for Cancer 
Treatment

Bellaterra, Spain Casas, Enric

15 Chen, Dongyu
Intelligent Multiparametric QCM Detection of Magnetically Labeled 
Molecules

Beijing, China Chen, Dongyu

16 Chwiej, Joanna
Spectroscopic study of cellular uptake, metabolism and systemic effects of 
57Fe-labeled iron oxide nanoparticles

Krakow, Poland Chwiej, Joanna

17
Ciuraszkiewicz, 
Agnieszka

Starch Makes The Difference: Surface-Engineered Magnetite Nanoparticles 
For Improved Magnetite Hyperthermia Effect

Gliwice, Poland
Ciuraszkiewicz, 
Agnieszka

18 Dibdiakova, Katarina
Cytotoxicity and MRI Relaxometry of Iron Oxide Nanoflowers in Neuronal 
Cells

Martin, Slovakia Dibdiakova, Katarina

19 Drab, Jiri
SPIO nanoparticles as promising drug carriers for neurodegenerative disease 
treatment

Olomouc, Czech 
Republic

Drab, Jiri

20 Dupuis, Vincent
Investigation of dynamic hysteresis in Hard-Soft binary ferrofluids: dimers 
and short chains

Paris, France Dupuis, Vincent

21 Ehsandoost, Afsaneh
Stiffness-Dependent Magnetic Responses in MNP-Loaded 3D-Printed 
Hydrogels

Darmstadt, Germany Ehsandoost, Afsaneh

22 Engelmann, Ulrich
In-silico Investigation of Interacting Magnetic Nanoparticle Response in 
Physiological Environments Using Single- and Dual Frequency MPS

Jülich, Germany Engelmann, Ulrich

23 Exposito, Laurie
Encapsulation of a poorly water-soluble anti-cancer drug in ultra-magnetic 
liposomes for its controlled and locoregional release

Paris, France Menager, Christine

24 Fabriciova, Zaneta
Shape-Dependent Magnetic Properties of CoFe2O4 Nanoparticles for MRI 
Applications

Kosice, Slovakia Fabriciova, Zaneta

25 Failde, Daniel Optimizing Magnetic Hyperthermia Performance under Safety Limits Barcelona, Spain Iglesias, Oscar

26 Feoktystov, Artem
Insights into internal magnetic structure of iron oxide nanoparticles: a 
combined small-angle neutron scattering and magnetometry study

Garching, Germany Feoktystov, Artem

27 Gallo-Cordova, Alvaro
Magnetic hyperthermia in focus: emerging non-cancer applications of 
magnetic nanoparticles

Madrid, Spain Gutierrez, Lucia

28 Gandarias, Lucia
Engineering HER2-targeted magnetosomes displaying immunotherapeutic 
proteins to enhance radiotherapy efficacy in solid tumors

Saint Paul lez Durance, 
France

Preveral, Sandra

29 Giang, Trang Ngan
Photothermal and phototherapeutic effects induced by gold/iron oxide 
nanoparticles to facilitate the penetration of anticancer agents

Ecully, France Giang, Trang Ngan

30 Gigoux, Veronique
Magnetic field-responsive bioMOF drug delivery nanocomposite based on Bi
(III)-ellagate SU-101

Toulouse, France Gigoux, Veronique

31 Grossrieder, Tim Low Frequency Inductive Sensing of Magnetic Microrobots Zürich, Switzerland Christiansen, Michael

32 Guo, Dongdong
Magnetic Nanoflower-Mediated Hyperthermia Activates Concurrent 
Apoptosis and Ferroptosis on Prostate PC3 and Melanoma DX3 cells

London, UK Thanh, Nguyen



Posters Magmeet 2026 - 2

33 Habermann, Sebastian
Hydrogel-Based MPS-Sensor for the Visualization of Microenvironmental 
Changes and Identification of Pathological Conditions

Zürich, Switzerland Herrmann, Inge

34 Hadadian, Yaser
UV-Vis spectroscopy of turbid dispersions containing magnetic nanoparticles 
and drugs

Berlin, Germany Hadadian, Yaser

35 Hanson, Lise
Revealing the temperature inside induction-heated magnetic nanoparticles 
and their surroundings - hotspots defied

Kgs. Lyngby, Denmark Hanson, Lise

36 Haq, Siraj
Monte Carlo-Based Cone Angle Approach for Torque Analysis in Hybrid BD-
KMC Simulations of Magnetic Nanoparticles

Santiago de 
Compostela, Spain

Haq, Siraj UL

37 Herrera Aquino, Rafael
Sustainable Valorization of PET Nanoplastics: Integrated Magnetic 
Harvesting and Upcycling via Mesocrystalline Iron Oxide Nanoflowers

Madrid, Spain Herrera Aquino, Rafael

38 Hrubovcak, Pavol Interactions of silica-coated magnetic nanocarriers with cell membranes Kosice, Slovakia Hrubovcak, Pavol

39 Hu, Xinkai
Magnetic Hyperthermia for Chemo-Thermal Therapy via Intracellular GSH-
Responsive Prodrug Release

London, UK Thanh, Nguyen

40 Imhoff, Eric
A High-Throughput Thermal Decomposition Synthesis Platform for 
Optimizing Magnetic Nanoparticles

Gainesville, FL, USA Rinaldi-Ramos, Carlos

41 Jaiswar, Ankur
Hybrid Magnetic Nano/Micro-swimmers with Integrated Theranostics for 
Targeted Biomedical Applications

Bangalore, India Jaiswar, Ankur

42 Jedinak, Valentin
BSA-Coated Magnetic Nanoparticles for Betulinic Acid Delivery and 
Hyperthermia

Kosice, Slovakia Jedinak, Valentin

43 Jefremovas, Elizabeth Engineering intra-particle spin disorder to tailor heat generation Luxembourg Jefremovas, Elizabeth

44 Jones, Iestyn High Magnetisation Magnetite Particles for Biomedical Applications Bangor, UK Jones, Iestyn

45 Khmara, Iryna
Poly-L-Lysine Functionalized Iron Oxide Nanoparticles: Single-Core vs 
Nanoflower Structures for potential MRI, Hyperthermia, and theranostic 
applications

Kosice, Slovakia Khmara, Iryna

46 Kianpour, Mehrnoosh
Drug-Coated Magnetic Microrobots as a Targeted Drug Delivery Platform for 
Cancer Drug Studies

Colchester, UK Kafash Hoshiar, Ali

47 Klein, Stefanie Magneto-Plasmonic Nanoparticles for X-ray triggered cancer therapy Tübingen, Germany Klein, Stefanie

48 Kluwe, Bruno
Setup for dynamic control of magnetic particle concentration enabling 
versatile measurement applications

Berlin, Germany Kluwe, Bruno

49 Kosch, Olaf
Determination of unique pure system functions for Color- Magnetic Particle 
Imaging of cellular states

Berlin, Germany Kosch, Olaf

50 Kralj, Slavko
Magneto-Mechanical Remodelling of Bacterial Biofilms Using Bimodal 
Chemo-Mechanical Nano- Microrobots

Ljubljana, Slovenia Kralj, Slavko

51 Kubovcikova, Martina
Development of Amino-Functionalized Magnetic Nanoparticles for 
Theranostic Applications

Kosice, Slovakia Kubovcikova, Martina

52 Kurokawa, Ryosuke
Blood Coagulation Testing using Magnetic Nanoparticles Measured by HTS-
SQUID System

Okayama, Japan Kurokawa, Ryosuke

53 Lafuente, Aritz
Opto‑Magnetically Guided Monocytes for Enhanced Nanotherapy in 3D 
Bioprinted Tumor Models

Barcelona, Spain Lafuente, Aritz

54 Löffler, Marcus
3D-printed anatomic and geometric phantoms for platform-independent 
Magnetic Particle Imaging

Zwickau, Germany Löffler, Marcus

55 Lünne, Kai
Towards a scaled-up, integrated system for Magnetic Particle Imaging and 
localized Hyperthermia for theranostic applications

Braunschweig, 
Germany

Lünne, Kai

56 Lyu, Weiming
Synthesis of cobalt ferrite magnetic seed nanoparticles for magnetoelectric 
system

London, UK Nguyen, Thanh

57 Ma, Yunn-Hwa
Tannic Acid-Coating Augments Nanoparticle Uptake by Laminin Receptor-
Mediated Endocytosis: Implication in Tumor Targeting

Tao-Yuan, Taiwan Ma, Yunn-Hwa

58 Maisuradze, Anano
Flame-made Superparamagnetic Iron Oxide Nanoparticles for Non-invasive 
Diagnosis of Inflammatory Bowel Disease

Uppsala, Sweden Maisuradze, Anano

59 Marsalin, Akash
Structural Engineering of Fe3O4 Mesocrystals for Enhanced Magneto-
Optical Cancer Therapy

Chennai, India Mani, Rajaboopathi

60 Matskevich, Natall
AI/ML-driven in vitro Platform for Quantification of Nanoparticle Transport 
Efficiency Across Biological Barriers

Prague, Czech Republic Matskevich, Natall

61 Matsuki, Kenjiro
Improved Thermal Management for Stable Continuous Measurement in 
Magnetic Particle Spectroscopy

Hyogo, Japan Matsuki, Kenjiro

62 Mefford, Thompson
Influence of interparticle spacing on AC magnetic losses in magnetic 
nanoparticle assemblies

Clemson, SC, USA Mefford, Thompson

63 Molcan, Matus
Disruption of Amyloid Fibrils by Nanoparticles: Effect of Pulsed and Rotating 
Magnetic Fields

Kosice, Slovakia Molcan, Matus

64 Nagy, Lubos
Biomolecule-functionalized CoFe2O4 nanoparticles: Balancing high heating 
efficiency with improved cellular safety

Kosice, Slovakia Nagy, Lubos

65 Nahar, Tasmin Development of magnetic force biotechnology for neural regeneration Keele, UK Nahar, Tasmin

66 Nistor, Mirela
Development of Theranostic Magneto-Microemulsion Platforms Based on 
Mn-Doped Magnetite Nanoparticles for Doxorubicin Delivery

Iasi, Romania Dragoi, Brindusa

67 Novak, Ekaterina
Effects of Mixing Hard and Soft Magnetic Nanoflowers: Theory and 
Simulations

Ekaterinburg, Russia Novak, Ekaterina

68 Nozka, Aniela
Development and validation of magnetic particle imaging-guided modeling 
and comparison with magnetic fluid hyperthermia in 3D printed mouse 
phantoms

Gainesville, FL, USA Rinaldi-Ramos, Carlos

69 Nucci, Giulia
Repurposing mild magnetic hyperthermia for rapid intracellular labelling of 
immune cells for tracking applications

Genova, Italy
Nucci, Giulia Eugenia 
Paola

70 Ozkahraman, Bengi
pH-Responsive Magnetic Iron Oxide Nanogels of Seed-Nanoflower-Chitosan 
for Cancer treatment

Corum, Turkey Ozkahraman, Bengi

71 Palacios-Alonso, Pablo
Predictive Magneto-Hydrodynamic Simulations of Ferrofluids for Biomedical 
Applications

Madrid, Spain Palacios-Alonso, Pablo

72 Pansegrau, Kerstin
Towards Magnetorelaxometry-Based Real-Time Remote Magnetic 
Nanoparticle Thermometry for Thermotherapy Applications

Hall in Tirol, Austria Pansegrau, Kerstin
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73 Patel, Tushar
Dual-Session Magnetic Fluid Hyperthermia Induces Complete Regression of 
Hetero-Multicellular Stroma-Rich Breast Cancer Spheroids with 
Predominant Apoptotic Cell Death

Changa, India Patel, Tushar

74 Payan, Sandy
Chemical coupling of biological magnetosomes with amine-functionalized 
antibody conjugates to improve immuno-associated cancer therapy

Saint-Paul-Lez-
Durance, France

Sandra, Preveral

75 Pei, Peggy
Complex-Weighted Differential Harmonic Extraction in Magnetoresistance 
Sensor-Based Magnetic Particle Spectroscopy

Kiel, Germany Pei, Peggy

76 Phan, Minh Duy
Design, fabrication, characterization and modeling of additive manufactured 
devices using novel magnetic nanoinks for label-free magnetic cell 
fractionation

Lubbock, TX, USA Gomez-Pastora, Jenifer

77 Pillarova, Paula
Design of Amino-Modified PLA Nanospheres as a Promising Platform for 
Nitric Oxide Delivery

Kosice, Slovakia Pillarova, Paula

78 Pinto Ahmad, Sara
In Vivo Magnetorelaxometry of Iron Oxide Nanoparticles: Temporal 
Evolution of Relaxation Behaviour Following Injection

London, UK Pinto Ahmad, Sara

79 Ployart, O Magnetic hyperthermia at the nanoscale Paris, France Fresnais, Jerome

80 Porru, Margherita
Magnetic Nanoflowers as MRI Contrast Agents: Shape, Coating and Size 
Effect on 1H-NMR Properties

Pavia, Italy Porru, Margherita

81 Radon, Patricia
Framework for Assessing the Distinguishability of Magnetic Nanoparticles 
used in Color Magnetic Particle Imaging

Berlin, Germany Radon, Patricia

82 Reichl, Teresa Magnetic Nanoparticles as Sensor for Brain Perfusion Würzburg, Germany Vogel, Patrick

83
Rodriguez Garcia, 
Miguel Ramon

Empirical evaluation of non-harmonic asymmetric waveforms magnetic 
hyperthermia with magnetic nanoparticles

Pozuelo de Alarcon, 
Spain

Rodriguez Garcia, 
Miguel Ramon

84
Rodriguez Garcia, 
Miguel Ramon

Magnetic hyperthermia treatment using pulsed-shaped waveforms in 
glioblastoma multiforme cell line using nanoflowers-shaped nanoparticles: 
migration and immunogenic tests

Pozuelo de Alarcon, 
Spain

Rodriguez Garcia, 
Miguel Ramon

85 Rossa, Lea
Urease-Powered Nanorobots Enhance Tumor Penetration and 
Hyperthermia Efficiency in 3D Cancer Cell Spheroids

Darmstadt, Germany Rossa, Lea

86 Sagastuy, Marine
Fusion of Magnetic Liposomes with Model and Plasma Membranes: 
Towards Cytoplasmic Delivery

Paris, France Menager, Christine

87 Schoenen, Max
A Theranostic Implant Concept for Advancing Magnetic Hyperthermia and 
Magnetic Particle Imaging Towards Clinical Use

Hamburg, Germany Slabu, Ioana

88 Seino, Satoshi
Micro Powder Drying of Magnetic Nanoparticle Dispersions: Toward Re-
dispersible Powder Formulations

Osaka, Japan Seino, Satoshi

89 Simsek, Ece
ULF-Mag: A Compact Ultra-Low Frequency Electromagnetic Device for 
Magnetic Microsphere Applications in Cell Culture

Antalya, Turkey Simsek, Ece

90 Siska, Zuzana
Microtron Electron-Beam Defect Engineering of Ultrasmall Ceria 
Nanoparticles for Tuning Optical and Magnetic Properties

Brno, Czech Republic Sojkova, Tereza

91 Sojka, Martin
Transition-Metal-Doped Iron Oxide Nanoparticles: Synthetsis, Phase 
Composition, and Structure Evolution

Brno, Czech Republic Sojka, Martin

92 Strbak, Oliver
CODERAM: Coating-dependent Relaxation Model for Prediction of MRI 
Relaxivities of Iron Oxide Nanoparticles with Different Coatings

Martin, Slovakia Strbak, Oliver

93
Suarez-Lopez, Yael del 
Carmen

Multi-Parameter MRI Mapping for Identifying SPION in Gastrointestinal 
Tissue Models

Uppsala, Sweden
Suarez-Lopez, Yael del 
Carmen

94 Toffanello, Francesca
Synthesis and Characterization of Co-doped Iron Oxide Nanoparticles for 
Torque-based Actuation

Zürich, Switzerland Christiansen, Michael

95 Totter, Elena
BacBots: Engineering bacteria-based biohybrid microrobots for torque-
driven actuation

Zürich, Switzerland Schuerle, Simone

96
Tran, Nguyen Thuy 
Linh

Magnetic Phenotyping of Red Blood Cells and Monocytes to Assess the Pain 
Severity and Risk of Vaso-Occlusive Crises in Sickle Cell Disease

Lubbock, TX, USA Gomez Pastora, Jenifer

97 Ullah, Faiz
Mussel-Inspired Janus Films Incorporating Polydopamine-Coated Magnetite 
Nanoparticles for Skin Cancer Therapy and Tissue Regeneration

Barcelona, Spain Suarez Garcia, Salvio

98 Valdes, Daniela
Segmentation Strategies for Quantitative Biodistribution in Magnetic 
Particle Imaging

Gainesville, FL, USA Valdes, Daniela

99
Venegas-Gomez, 
Alejandro

Probing protein and drug interactions by nanoparticle dynamical 
magnetization phenomena

Madrid, Spain Teran, Francisco

100 Wang, Xuyiling
Characterising exogenous and endogenous magnetic nanomaterials in 
biological samples using a magneto-optical multifunctional microscope

Stoke-on-Trent, UK Wang, Xuyiling

101 Washino, Masaomi
Harmonic Magnetic Response of Iron Oxide Nanoparticle Powders: Influence 
of Interparticle Dipolar Interactions

Hyogo, Japan Washino, Masaomi

102 Weber, Paula
Synthesis by Physics: Development of Superparamagnetic Thin Films 
Containing Nanoparticles via Magnetron Sputtering

Darmstadt, Germany Bakenecker, Anna

103 Weidner, Andreas
Preparation of a binder-free electrode to assess magnetic nanocatalysts in a 
study of novel CuxOy-IONP-clusters for electrochemical nitrate reduction

Ilmenau, Germany Weidner, Andreas

104 Weisspflog, Maria
Synthesis of Cobalt-Doped Ferrite Nanoparticles by Green Hydrothermal 
Synthesis: From Shape Anisotropic Particles to Chain-like Structures

Hamburg, Germany Hankiewicz, Birgit

105 Wenck, Christina
Development of a continuous flow micromixer synthesis of hydrophobic 
MNPs for encapsulation in lipid nanoparticles for theranostic applications

Mainz, Germany Wenck, Christina

106
Zara-Danceanu, 
Camelia-Mihaela

pH-Modulated Adsorption and Desorption of BSA onto Mn/Zn/Co-Fe3O4 
Magnetic Nanocarriers for Biomedical Applications

Iasi, Romania Dragoi, Brindusa

107 Zuo, Can
Real-Time Prediction of Coupled Physical Parameters in Magnetic Particle 
Systems for Drug Delivery Monitoring

Shanghai, China Wen, Yumei
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n
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o
p

ic
 M

N
P

s 
p

ro
d

u
ce

 l
ar

g
er

 m
ec

h
an

ic
al

 d
is

ru
p
ti

o
n

 o
n

 m
em

b
ra

n
es

 o
r 

b
io

fi
lm

s 
w

h
en

 s
u

b
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 m
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d
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b
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b
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d
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 c
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M

N
P

s 
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n
 
b

e 
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ap
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d

u
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n
g

 
o

r 
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te
r 

th
e 

sy
n

th
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g
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p
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m

o
ti

n
g

 
m
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l 
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o
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g
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p
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 p
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n
e 
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m
b
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n

g
 t

h
e 

n
an

o
p
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ti
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n
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 c
er

ta
in

 s
tr

u
ct

u
re

, 
re

sp
ec

ti
v
el

y
).

 
H

o
w

ev
er

, 
M

N
P

s 

ac
h

ie
v

ed
 i

n
 t

h
e 

fo
rm

er
 a

re
 t

o
o
 s

m
al

l,
 a

n
d

 s
o

, 
h

av
e 

lo
w

 b
lo

o
d

 c
ir

cu
la

ti
o

n
 [

2
],

 a
n

d
, 

in
 t

h
e 

la
tt

er
, 

u
n

if
o

rm
 s

iz
e 

an
d
 

sh
ap

e 
co

n
tr

o
l 

ca
n

 b
e 

ch
al

le
n

g
in

g
. 

M
o

re
o

v
er

, 
M

N
P

s 
b

y
 t

h
em

se
lv

es
 a

re
 n

o
t 

ca
p

ab
le

 o
f 

d
ru

g
 l

o
ad

in
g

, 
w

h
ic

h
 l

im
it

s 

th
e 

m
u

ch
-n

ee
d

ed
 m

u
lt

if
u

n
ct

io
n

al
it

y
 i

n
 n

an
o

m
ed

ic
in

e 
[3

].
  

In
 t

h
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o
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, 

a 
si

m
p

le
 a

n
d

 c
o

st
-e

ff
ec

ti
v

e 
sy

n
th

es
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 o
f 

an
is

o
tr

o
p

ic
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N
P

s 
w

it
h

 d
ru

g
 l

o
ad

in
g

 a
b

il
it

y
 i

s 
p
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n
te

d
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 d
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 o
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ra
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h
e 

n
an

o
ca

p
su

le
s 

w
er

e 

em
b

ed
d

ed
 i

n
 a

 f
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p
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u
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h
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p
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p
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n
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e
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u
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o
p
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 c
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h
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 c
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 t
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n
g 
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e 
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d
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n
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o
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p

u
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lt
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m
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 n
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n
o
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r 
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 d
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ed
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e 
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ti
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y 
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m

p
et
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n
-c
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p
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n
t 

M
ag

n
et

o
 R

es
is

ta
n

ce
 (

G
M

R
) 

se
n

so
r-

b
as

ed
 b

io
ch

ip
 t

o
 d
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ge
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f 

b
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n
g 
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p
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n
d
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u
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o
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h
 b
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o
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o

u
s 
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o

m
p

le
x 

m
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b
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o
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h
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b
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n
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m
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n
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 p
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es
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P
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d
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h
e 

ta
rg
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f 
in
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st
 (

fi
g

u
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a
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b

).
 T

h
e 
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, 
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o
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g 
in

 a
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ro
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u
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ic
 c
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n
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al
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et
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 s

im
u
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an

eo
u
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 p
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 f
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e 
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o
ve
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n

d
 b

el
o

w
 t

h
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n
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g

u
re
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 p
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n
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p
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 o
f 
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d
ev
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e 
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lly
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ed
 i

n
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2
])
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 d
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b
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tt
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 m
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n
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ra
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u
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m
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u
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l G
il
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G
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bH
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h 
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r 
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C
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G
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r 
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eu

tr
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en
ce
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C

N
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ic
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er
m
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y
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hu

ng
sz

en
tr
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ül
ic

h 
G

m
bH
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ül

ic
h 

C
en

tr
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fo
r 

N
eu

tr
on
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ci

en
ce
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C

N
S
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, J

ül
ic

h,
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er
m

an
y
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L

Z
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nd
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en

t, 
T
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ve
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y 

of
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un
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h,
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ch
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m
an
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tr

al
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n 
C
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tr
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r 
N

eu
tr

on
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in
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N
S

T
O

, L
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tr
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ut
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e-
L
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ra
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 c
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o 
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ig
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e 
th

e 
m
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 o
f 
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e 
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ic
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(n
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in

al
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ro
n 
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id

e 
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 d
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m

et
er

 5
, 

10
, 

12
, 

15
 a

nd
 2

0 
nm

).
 T

he
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of
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he

 c
or

e-
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el
l 
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ro
n 
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l)
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er

e 
de

te
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in
ed
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m
al

l-
an

gl
e 

ne
ut

ro
n 

an
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X
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t 

th
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 d
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m
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e 
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ng
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 f
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m
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ne

to
m

et
ry
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n 
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t d
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 d
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 r
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 d
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 p
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ra
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.,

 
F

ey
ge

ns
on

, M
., 

N
an

da
ku

m
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de

, H
., 

C
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ll
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o,

 A
., 

R
üc

ke
r,

 U
., 

K
ov
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A

.,
 D

un
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w
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.E

.,
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rü
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T
.,
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 M
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at
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n
 r
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on

 i
n

 i
ro

n
 

ox
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e 
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an
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le
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 6
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5–

69
76

.
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y 
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 d

et
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m
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c 
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 th
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b
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t 
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e 
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m
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 d
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n-
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l 
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 d
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l p
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m
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t.
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d
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d
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p
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n
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 d
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 d
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 d
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h
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 d
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A

T
U

S
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n
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d
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S
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 d
e 

C
o
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p
o
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5
7
8

2
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S

p
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3
 D

p
t.

 d
e 

F
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d
e 

la
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o
n
d
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d
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N
2

U
B
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U

n
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d
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B
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n
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ra
n
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0

8
0

2
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n
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p
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*
E

m
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u

b
.e

d
u
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M
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b
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8
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y
p
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er

m
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u
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m
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n
et
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n
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o
p
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P
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n
v
er

t 
en

er
g
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fr
o
m

 
an
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te

rn
at

in
g
 
m

ag
n
et

ic
 
fi

el
d

 
in

to
 
h
ea

t 
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r 
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n
ce

r 
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er
ap

y
. 

D
es

p
it

e 
ea

rl
y
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s 

b
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er
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d
o
p
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o
n
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ee
n
 l
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ed
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y
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m
p
at
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it
y
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u
es
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1
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 d
el
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y
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h
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n
g
es
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an

d
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m
p
le

te
 

p
h
y
si

ca
l 

m
o
d
el

s.
 

H
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ti
n
g

 
ef
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ci

en
cy

 
is

 
q
u
an

ti
fi

ed
 

b
y
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e 
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ic
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ss
 

p
o
w

e
r 

(S
L

P
),

 w
h
ic

h
 d

ep
en

d
s 

cr
it

ic
al

ly
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n
 m

ag
n
et

ic
 a

n
is

o
tr

o
p
y

 [
2
].

 A
n
is

o
tr

o
p
y

 g
o
v
er

n
s 

b
o
th

 t
h
e 

m
ax

im
u
m

 d
is

si
p
at

ed
 e

n
er

g
y
 a

n
d
 t

h
e 

fi
el

d
 t

h
re

sh
o
ld

 f
o
r 

si
g
n
if

ic
an

t 
lo

ss
es

. 
In

 m
u
ch

 o
f 

th
e 

M
H

 

li
te

ra
tu

re
, 

ex
p
er

im
en

ta
l 

d
at

a 
ar

e 
in

te
rp

re
te

d
 

u
si

n
g
 

an
 

ef
fe

ct
iv

e 
u
n
ia

x
ia

l 
an

is
o
tr

o
p
y
, 

o
ft

en
 

li
n
k
ed

 
to

 
p
ar

ti
cl

e 
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p
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t 
ra

ti
o
 

an
d
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m
ed

 
to

 
b
e 

d
o
m

in
at

ed
 

b
y
 

sh
ap

e 
an
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o
tr

o
p
y
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T
h
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m

p
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o
n
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p
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n
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s 
th

e 
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tr
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si
c 

m
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n
et

o
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y
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 p
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 l
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 p
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p
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u
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p
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p
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p
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h
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u
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p
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 p
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p
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b
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p
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p
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p
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 f
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p
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 d
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n
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–
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u
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u
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h
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n
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 t
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ri
n

g
 t

em
p

er
at

u
re

 a
t 

th
e 

n
an

o
sc

al
e 

is
 d
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 d
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p
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 o
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p
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n
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p
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n
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n
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 C
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e 

o
p

en
-s

o
u

rc
e 

M
P

S
 (

O
S

-M
P

S
) 

[3
].

  
 T

h
e 

o
ri

g
in

al
 d

es
ig

n
 o

f 
O

S
-M

P
S

 u
ti

li
ze

d
 a

ir
 c

o
o

li
n

g
 t

h
ro

u
g
h

 t
h

e 
n

ar
ro

w
 g

ap
s 

in
 t
h

e 
b

ia
s 

co
il

s,
 w

h
ic

h
 m

ig
h

t 
re

su
lt

 i
n

 p
o

o
r 

h
ea

t 
ex

ch
an

g
e 

ef
fi

ci
en

cy
. T

h
er

ef
o

re
, 
w

e 
in

tr
o
d

u
ce

d
 

an
 i

n
d

ir
ec

t 
w

at
er

-c
o
o

li
n

g
 s

tr
u
ct

u
re

 w
it

h
in

 t
h

es
e 

g
ap

s.
 S

te
ad

y
-s

ta
te

 t
h

er
m

al
 a

n
al

y
si

s 
sh

o
w

n
 i

n
 F

ig
. 

1
(b

) 
re

v
ea

le
d

 t
h

at
 w

at
er

 c
o

o
li

n
g

 a
lo

n
e 

w
as

 i
n

su
ff

ic
ie

n
t,

 a
s 

th
e 

re
ce

iv
in

g
 c

o
il

 a
re

a 
re

ac
h

ed
 s

ig
n

if
ic

an
tl

y
 e

le
v

at
ed

 
te

m
p

er
at

u
re

s.
 I

t 
w

as
 a

tt
ri

b
u

te
d
 t

o
 t

h
e 

p
o

o
r 

h
ea

t 
tr

an
sf

er
 e

ff
ic

ie
n

cy
 c

au
se

d
 b

y
 i

n
su

la
ti

n
g

 a
ir

 l
ay

er
s 

b
et

w
ee

n
 

th
e 

ex
ci

ta
ti

o
n

/r
ec

ei
v

in
g

 c
o

il
s 

an
d

 t
h

e 
su

rr
o

u
n
d

in
g
 c

o
m

p
o

n
en

ts
. 

C
o

n
se

q
u

en
tl

y
, 
w

e 
ap

p
li

ed
 t

h
er

m
al

 g
re

as
e 

to
 

th
e 

ex
te

ri
o

r 
o
f 

th
e 

ex
ci

ta
ti

o
n

 a
n

d
 r

ec
ei

v
in

g
 c

o
il

s 
to

 e
n

h
an

ce
 h

ea
t 

tr
an

sf
er

. 
T

h
e 

te
m

p
er

at
u

re
 d

if
fe

re
n

ce
s 

fr
o
m

 
th

e 
in

it
ia

l 
to

 t
h

e 
st

ea
d

y
 s

ta
te

 i
n

 F
ig

. 
1

(c
) 

sh
o

w
s 

th
at

 t
h

e 
co

m
b

in
ed

 s
tr

u
ct

u
re

 o
f 

w
at

er
 c

o
o
li

n
g

 a
n

d
 t

h
er

m
al

 
g

re
as

e 
si

g
n

if
ic

an
tl

y
 s

u
p
p

re
ss

ed
 t

em
p

er
at

u
re

 r
is

e 
co

m
p

ar
ed

 t
o

 t
h

e 
ei

th
er

 s
tr

u
ct

u
re

. 
A

d
d

it
io

n
al

ly
, 

th
er

m
al

 
n

o
is

e 
ca

lc
u

la
ti

o
n

s 
sh

o
w

ed
 a

 4
0

%
 r

ed
u

ct
io

n
 i

n
 n

o
is

e 
le

v
el

s.
 T

h
es

e 
re

su
lt

s 
in

d
ic

at
e 

th
at

 i
m

p
ro

v
ed

 t
h

er
m

al
 

m
an

ag
em

en
t 
in

 t
h

e 
M

P
S

 s
y

st
e
m

 e
n

h
an

ce
s 

th
er

m
al

 s
ta

b
il

it
y

 a
n

d
 r

ed
u

ce
s 

th
er

m
al

 n
o

is
e,

 c
o

n
tr

ib
u

ti
n

g
 t
o

 m
o

re
 

st
ab

le
 M

N
P

 s
ig

n
al

 m
ea

su
re

m
en

ts
 d

u
ri

n
g

 c
o

n
ti

n
u

o
u

s 
o
p

er
at

io
n

. 

 

F
ig

u
re

 1
 (

a)
 R

ad
ia

l 
cr

o
ss

-s
ec

ti
o

n
al

 v
ie

w
 o

f 
th

e 
M

P
S

 s
y

st
em

: 
m

u
lt

i-
cy

li
n
d

ri
ca

l 
st

ru
ct

u
re

 w
it

h
 a

 r
ec

ei
v
in

g
 c

o
il

 u
n

it
, 

fo
ll

o
w

ed
 b

y
 a

n
 e

x
ci

ta
ti

o
n

 c
o

il
 u

n
it

, 
a 

co
p
p

er
 s

h
ie

ld
, 

an
d

 a
 b

ia
s 

ex
ci

ta
ti

o
n

 c
o
il

 u
n

it
. 

W
at

er
-f

lo
w

 p
ip

es
 a

n
d

 t
h

er
m

al
 

g
re

as
e 

ar
e 

ad
d

it
io

n
al

ly
 a

p
p

li
ed

 f
o
r 

im
p

ro
v

in
g

 t
h

er
m

al
 s

ta
b

il
it

y
. 

 (
b

) 
A

n
al

y
ti

ca
l 

re
su

lt
 o

f 
th

e 
st

ea
d

y
-s

ta
te

 t
em

p
er

at
u

re
 

d
is

tr
ib

u
ti

o
n

 o
f 

th
e 

en
ti

re
 s

y
st

em
 w

it
h

 w
at

er
-c

o
o

li
n

g
 a

lo
n

e 
(l

ef
t)

 a
n
d

 w
it

h
 w

at
er

-c
o

o
li

n
g

 a
n

d
 t

h
er

m
al

 g
re

as
e 

(r
ig

h
t)

. 
(c

) 
T

h
e 

te
m

p
er

at
u

re
 d

if
fe

re
n

ce
s 

fr
o

m
 t

h
e 

in
it

ia
l 

to
 t

h
e 

st
ea

d
y

 s
ta

te
 (

b
lu

e)
, 

th
e 

es
ti

m
at

ed
 t

h
er

m
al

-n
o

is
e 

v
o
lt

ag
e 

ar
is

es
 f

ro
m

 
re

ce
iv

in
g

 c
o
il

 (
o

ra
n

g
e)

. 
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K
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 e
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S

 A
p

p
l.
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a

te
r.
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7
5
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1
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5
0
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2

0
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2
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W
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R
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1
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5
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2
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2
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m
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5
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0
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0
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at
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 o
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 U
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, U
ni
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d 

Ki
ng
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Em
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e.
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Re
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n 

of
 lo

ng
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an
ge
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xo
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ne
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iv
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m
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 c
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ck
 in

 p
er

ip
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ra
l 

an
d 

ce
nt

ra
l n

er
vo

us
 s

ys
te

m
 re
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ir.

 H
er

e,
 w

e 
re

po
rt

 a
 m

ag
ne

tic
al

ly
 d

riv
en

 s
tr

at
eg

y 
to

 
in

du
ce

 d
ire

ct
io

na
l a

xo
na

l o
ut

gr
ow

th
 u

si
ng

 p
ol

ym
er

-c
oa

te
d,

 z
in

c-
do

pe
d 

m
ag

ne
tit

e 
na

no
cl

us
te

rs
 (M

N
C

s)
 in

 c
om

bi
na

tio
n 

w
ith

 a
 c

us
to

m
-e

ng
in

ee
re

d 
pe

rm
an

en
t m

ag
ne

t 
fo

rc
e 

ve
ct

or
 s

ys
te

m
. P

ol
yv

in
yl

py
rr

ol
id

on
e 

(P
VP

) a
nd

 p
ol

ya
cr

yl
ic

 a
ci

d 
(P

AA
) c

oa
te

d 
Fe

₃O
₄-

ba
se

d 
M

N
C

s 
w

er
e 

sy
nt

he
si

se
d 

an
d 

ch
ar

ac
te

ris
ed

 b
y 

TE
M

, d
yn

am
ic

 li
gh

t s
ca

tt
er

in
g,

 z
et

a 
po

te
nt

ia
l a

na
ly

si
s,

 c
on

fir
m

in
g 

co
nt

ro
lle

d 
cl

us
te

r a
ss

em
bl

y 
(3

3–
28

8 
nm

) a
nd

 
su

pe
rp

ar
am

ag
ne

tic
 b

eh
av

io
ur

. 

A 
fo

ur
-c

yl
in

de
r p

er
m

an
en

t m
ag

ne
t a

rr
ay

 a
rr

an
ge

d 
in

 a
n 

al
te

rn
at

in
g 

S–
N

–S
–N

 
co

nfi
gu

ra
tio

n 
w

as
 d

es
ig

ne
d 

to
 g

en
er

at
e 

a 
un

id
ire

ct
io

na
l m

ag
ne

tic
 fi

el
d 

gr
ad

ie
nt

. F
ie

ld
 

di
st

rib
ut

io
n 

an
d 

fo
rc

e 
ve

ct
or

s 
w

er
e 

m
ap

pe
d 

us
in

g 
a 

SE
N

IS
 3

-a
xi

s 
H

al
l p

ro
be

 a
nd

 
M

AT
LA

B
-b

as
ed

 m
od

el
lin

g,
 d

em
on

st
ra

tin
g 

a 
si

ng
le

 d
om

in
an

t f
or

ce
 d

ire
ct

io
n 

ac
ro

ss
 th

e 
ne

ur
on

al
 g

ro
w

th
 re

gi
on

. P
rim

ar
y 

E1
7 

co
rt

ic
al

 n
eu

ro
ns

 w
er

e 
la

be
lle

d 
w

ith
 M

N
C

s 
an

d 
cu

ltu
re

d 
ei

th
er

 o
n 

pl
an

ar
 s

ub
st

ra
te

s 
or

 w
ith

in
 m

ic
ro

flu
id

ic
 d

ev
ic

es
 to

 a
ss

es
s 

bo
th

 
so

m
at

ic
 u

pt
ak

e 
an

d 
fr

ee
-a

xo
n 

in
te

rn
al

is
at

io
n.

 

Fl
uo

re
sc

en
ce

 m
ic

ro
sc

op
y 

an
d 

im
m

un
os

ta
in

in
g 

(β
III

-t
ub

ul
in

, D
AP

I) 
co

nfi
rm

ed
 e

ffi
ci

en
t 

M
N

C
 u

pt
ak

e 
by

 n
eu

ro
ns

 a
nd

 p
ar

tia
l u

pt
ak

e 
w

ith
in

 e
xt

en
di

ng
 a

xo
ns

. U
nd

er
 a

pp
lie

d 
m

ag
ne

tic
 fo

rc
e,

 n
eu

ro
ns

 e
xh

ib
ite

d 
pr

on
ou

nc
ed

 d
ire

ct
io

na
l a

xo
na

l a
lig

nm
en

t a
lo

ng
 th

e 
m

ag
ne

tic
 fi

el
d 

gr
ad

ie
nt

 o
ve

r m
ill

im
et

re
-s

ca
le

 d
is

ta
nc

es
, i

n 
co

nt
ra

st
 to

 is
ot

ro
pi

c 
gr

ow
th

 
in

 c
on

tr
ol

 c
on

di
tio

ns
. S

tit
ch

ed
 la

rg
e-

ar
ea

 im
ag

in
g 

re
ve

al
ed

 c
oh

er
en

t, 
lo

ng
-r

an
ge

 a
xo

na
l 

or
ie

nt
at

io
n 

co
rr

es
po

nd
in

g 
to

 th
e 

en
gi

ne
er

ed
 fo

rc
e 

ve
ct

or
 d

ire
ct

io
n.

 

Th
es

e 
fin

di
ng

s 
de

m
on

st
ra

te
 th

at
 h

ig
hl

y 
m

ag
ne

tis
ed

 n
an

oc
lu

st
er

s 
co

m
bi

ne
d 

w
ith

 
pr

ec
is

el
y 

co
nfi

gu
re

d 
m

ag
ne

tic
 fo

rc
e 

fie
ld

s 
ca

n 
ac

tiv
el

y 
gu

id
e 

ax
on

al
 g

ro
w

th
 o

ve
r l

on
g 

di
st

an
ce

s.
 T

hi
s 

pl
at

fo
rm

 e
st

ab
lis

he
s 

a 
sc

al
ab

le
, c

on
ta

ct
-f

re
e 

ap
pr

oa
ch

 fo
r d

ire
ct

io
na

l 
ne

ur
al

 re
ge

ne
ra

tio
n 

an
d 

pr
ov

id
es

 a
 fo

un
da

tio
n 

fo
r f

ut
ur

e 
tr

an
sl

at
io

n 
in

to
 s

pi
na

l c
or

d 
in

ju
ry

 a
nd

 n
eu

ro
-r

ep
ai

r a
pp

lic
at

io
ns

.   

Fi
gu

re
 (a

) F
ix

ed
 n

eu
ro

ns
 s

ta
in

ed
 w

ith
 B

3 
tu

bu
lin

 s
ho

w
in

g 
ne

ur
on

s 
al

ig
ni

ng
 a

cr
os

s 
m

ag
ne

t 
fie

ld
. 

Sc
al

e 
ba

r 
= 

10
0u

m
. 

(b
) 

2x
2m

m
 g

rid
 p

la
ce

d 
on

 to
p 

of
 m

ag
ne

t a
re

a 
de

m
on

st
ra

tin
g 

st
itc

he
d 

im
ag

e.
 

(c
) 

St
itc

he
d 

gr
id

 i
m

ag
e 

of
 n

eu
ro

ns
 a

lig
ni

ng
 

ac
ro

ss
 m

ag
ne

tic
 fi

el
d 

ov
er

 la
rg

er
 a

re
as

. 

B
io

m
ol

ec
ul

e-
fu

n
ct

io
na

li
ze

d
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oF
e 2

O
4 

na
n

op
ar

ti
cl

es
: 

B
al

an
ci

ng
 h

ig
h 

h
ea

ti
n

g 
ef

fi
ci

en
cy

 w
it

h
 im

pr
ov

ed
 c

el
lu

la
r 

sa
fe

ty
 

Ľ
. N

ag
y1 , A

. Z
el

eň
ák

ov
á1 , P

. H
ru
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vč

ak
1 , M

. B
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ut
ia

k1 , Ž
. F

ab
rí

ci
ov

á1 , D
. M

ač
ák

ov
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an
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ov
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1 In
st

itu
te

 o
f P

hy
si

cs
, P

. J
. S

af
ar

ik
 U

ni
ve

rs
it

y,
 P

ar
k 

A
ng

el
in

um
 9

, 0
40

 0
1 

K
os

ic
e,

 S
lo

va
ki

a 
 

 K
ey

w
or

ds
: 

m
ag

ne
ti

c 
na

no
pa

rt
ic

le
s,

 E
D

C
-c

ou
pl

in
g,

 m
ag

ne
ti

c 
hy

pe
rt

he
rm

ia
  

M
ag

ne
ti

c 
na

no
pa

rt
ic

le
s 

ba
se

d 
on

 
ir

on
 

ox
id

es
, 

es
pe

ci
al

ly
 

m
ag

ne
ti

te
 

(F
e 3

O
4)

, 
ha

ve
 

be
en

 
ex

te
ns

iv
el

y 
st

ud
ie

d 
an

d 
ar

e 
co

ns
id

er
ed

 h
ig

hl
y 

pr
om

is
in

g 
fo

r v
ar

io
us

 b
io

ap
pl

ic
at

io
ns

 d
ue

 to
 th

ei
r 

ex
ce

ll
en

t 
bi

oc
om

pa
ti

bi
li

ty
 a

nd
 th

e 
pr

es
en

ce
 o

f 
m

ag
ne

tic
 p

ro
pe

rt
ie

s.
 H

ow
ev

er
, f

or
 a

pp
li

ca
ti

on
s 

re
qu

ir
in

g 
hi

gh
 h

ea
tin

g 
ef

fi
ci

en
cy

, 
su

ch
 a

s 
m

ag
ne

ti
c 

hy
pe

rt
he

rm
ia

, 
co

ba
lt 

fe
rr

ite
 r

ep
re

se
nt

s 
a 

be
tt

er
 a

lt
er

na
ti

ve
 d

ue
 to

 it
s 

si
gn

if
ic

an
tl

y 
hi

gh
er

 m
ag

ne
to

cr
ys

ta
ll

in
e 

an
is

ot
ro

py
 a

nd
 th

e 
pr

es
en

ce
 

of
 h

ys
te

re
si

s.
 D

es
pi

te
 t

he
se

 a
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an
ta

ge
s,

 t
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ot

en
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al
 t

ox
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it
y 

of
 c
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al
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se
d 

co
re
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ns
 a
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er
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 r

eq
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ri
ng

 v
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io
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 s
ur
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ce

 f
un

ct
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na
liz

at
io

n 
st

ra
te

gi
es

 to
 e
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ur

e 
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os
af

et
y.

 

In
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d 

m
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at
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 m
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C

oF
e 2

O
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ic
le
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w

it
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an
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ve
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 c
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e 
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 o
f 
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 n
m

, p
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m
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m
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d.

 T
o 

en
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 w

at
er

 d
is
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il

it
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an
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p
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 c
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 d
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 p
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 f
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d
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p
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p
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b
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p
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p
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p
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h
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Sponsor overview 

We are particularly thankful of our main sponsors this year. 

Exhibits (tables or your own booths) will be up during the entire meeting.  

 

Micromod Partikeltechnology GmbH 
https://www.micromod.de/ 
micromod is a technology-oriented company with focus on the 

development and production of monodisperse micro- and nanoparticles and their coating. 
Our high standards (in compliance with ISO13485 on request) qualify us to be a reliable 
supplier of system components for in-vitro diagnostics, high-throughput screening, magnetic 
bioseparation, cell labeling as well as for research and development of novel diagnosis and 
therapy methods. 
 

Nanotherics Ltd 

https:// www.nanotherics.com/ 

Nanotherics are the market leader in products for nanoparticle 

heating and hyperthermia studies utilizing AC magnetic fields. The magneTherm™ system is 

a totally unique, very competitively priced bench top device which enables magnetic fluid and 

nanoparticle hyperthermia testing. It operates at a wide range of user-configurable frequencies 

and field strengths in one system with no hidden extras needed. The magneTherm™ allows 

users to study magnetic nanoparticle and material heating effects calorimetrically, in-vitro and 

in-vivo. The magneTherm™ offers internal/external solenoid/pancake coils, options for water 

jackets (in vivo) plus capabilities to expose cells to AMF on a microscope stage for time lapse 

studies. 

 

Superbranche 

https://www.superbranche.com 

Superbranche is a start-up created in 2019 and originating from the 

French National Centre for Scientific Research.  

Superbranche produces and develops a technological platform based 

on magnetic nanoparticles synthesised by thermal decomposition and coated with dendrimers. 

This production method and specific coating architecture give SUPERSPIO the ability to 

internalise into any type of cell and extracellular vesicle without the use of transfection 

agents. SUPERSPIO20 is also the smallest nanoparticle with theranostic capabilities via 

magnetic imaging (MRI and MPI) combined with focused magnetic hyperthermia. Also an 

industrial start-up, Superbranche will inaugurate its GMP production site in autumn 2026. 

 



SON 

https://www.sonsas.com/ 

SON develops and produces advanced functional nanomaterials, 

with a strong focus on magnetic nanoparticles and surface 

engineering. We design tailored nano-objects for applications in 

health, energy, and environmental technologies. 

 

MagnebotiX AG 

https://www.magnebotix.com/ 

Magnebotix AG is a Swiss technology company founded in 2014. 

We are a spin-off of the ETH Zurich Multi-Scale Robotics Lab. The 

company develops and produces advanced magnetic manipulation 

systems, including high-precision magnetic field generators used for contactless control of 

nano- and microrobots, particles, and magnetic tools for biomedical, engineering, and 

research applications. Its product portfolio of magnetic field generators includes the MFG-

100, OctoMag, and Navion. These cover a wide range of working volumes and support 

different applications in engineering, mechanobiology and surgical research. The team 

combines deep scientific expertise and engineering capabilities to enable wireless 

manipulation at micro- to human-scale levels. You can also check out MagnebotiX 

on their LinkedIn page. 

 

nanotech Solutions 

www.ntsol.es 

Nanotech Solutions designs and manufactures user friendly AC 

magnetometers for quality control and/or exploiting the dynamical magnetization of 

nanomaterials in different applications. AC HysterTM Series measures AC magnetization 

cycles of magnetic nanoparticle powder, or dispersed in liquids (aqueous or organics), gels, or 

inside biological matrices at room temperature. Magnetic losses and magnetization harmonics 

are accurately determined in the field frequency range from 1 kHz to 350 kHz and field 

intensities up to 150 kA/m. 

 

 

phase VISION GmbH 

www.phase-vision.com 

phase VISION GmbH is a young spin-off from the University of 

Würzburg dedicated to make Magnetic Particle Imaging (MPI) and 

magnetic nanoparticle characterization accessible for everyone. Building on over 15 years of 

academic MPI research and strong industrial engineering expertise, the company develops 

compact, flexible, and user-friendly instrumentation for research, education, and industrial 

applications. 

      With its COMPASS system, phase VISION provides a powerful tool specifically 

designed for the precise characterization of magnetic nanoparticles, enabling reliable analysis, 

reproducible measurements, and deeper insight into particle behavior across a wide range of 

applications. 

      By combining scientific innovation with robust engineering, phase VISION bridges the 



gap between laboratory research and practical deployment, empowering researchers and 

developers worldwide to explore the full potential of magnetic nanoparticle technologies. 

 

 

Magnetic Medicine 

https://www.sciencedirect.com/journal/magnetic-medicine 

Magnetic Medicine is the world’s first journal dedicated to the 

clinical and biomedical applications of magnetic technologies and 

magnetic materials. Launched in 2025 as a quarterly gold open 

access journal with no article processing charges (APC), Magmed 

aims to provide an academic platform for advancing research and 

clinical translation of magnetism in life sciences and healthcare. 

 

Nanoscale Journal Family, Royal Society of Chemistry 

Nanoscale Horizons, Nanoscale and Nanoscale Advances are peer 

reviewed international journals publishing high-quality experimental 

& theoretical work across the breadth of nanoscience & nanotechnology. Explore our recent 

themed collection highlighting Magnetic Nanoparticles: From Massart Method to a Cascade 

of Innovations. Magnetic carriers are an important topic for our journals and we welcome 

submissions from the community showcasing their excellent research. 

 

 MSI Automation, Inc. 

https://www.msiautomation.com/m/ 

MSI Automation, Inc. provides superior power to heat difficult to 

heat nanoparticles. Power Range available is 3.0 KW to 12.0 KW.  Frequency Range is 100-

450/800 kHz. Heating coils of the round type are available from 40-150 mm. Magnetic Field 

measurement and Frequency are displayed on the color touch screen. Special Petri Dish Coil 

is offered for studying the effect of heating while videoing the heating reaction live. A light 

weight Hand Unit and flexible 3-Meter Cable is available to treat near surface tumors as; 

Infant Brain, Bone, Thyroid, Breast and Skin. 

 



Trusted quality - Reliable results

Frontier research with high-quality products

• operating worldwide

• particle sizes from 10 nm to 100 µm

• 19 years certified according to ISO 13485

• > 30 years expertise in particle manufacturing

• > 600 products readily available

[1] H. Carlton et al. Adv. Funct. Mater. 2025, 35, 2412321. (doi: 10.1002/adfm.202412321)

[2] B. Kunkel et al. IJMPI 2024, 10, 1. (doi: 10.18416/IJMPI.2024.2403032)

[3] A. Norrick et al. Stem Cell Research & Therapy 2021, 12, 194. (doi: 10.1186/s13287-021-02272-2)

[4] J. Borchers et al. Small Struct. 2024, 2400410. (doi: 10.1002/sstr.202400410)

Stay tuned – it is more to come in 2026!

micromer®-M

high magnetomobility and 

selectivity for cell separation[3] 

components in biosensor and 

lab-on-chip applications

for MRI and MPI research[1]

for hyperthermia applications 

synomag®-D

marker and carrier in (magnetic) 

flow cytometry analysis

2 µm

synomag®-pro

Cobalt ferrite

“Nanoflower” multi-core particles[4]

tunable magnetic anisotropy  

for MPI and hyperthermia in vivo 

animal studies (RUO)

biocompatible (isotonic formulation, 

low endotoxin content, autoclaved)[2]

prolonged blood 

half-life

product code: 

140-124-701
ref. [1]

200 nm

70 nm



 

magneTherm Systems & Accessories 

The magneTherm™ system has been specifically designed for this application for over 19 years. 
Flexible, affordable and reliable bench top system. 

 

 

 
Unlike induction heaters the MagneTherm generates a pure sine wave monochromatic magnetic field with 

precise control of both Frequency (50 kHz – 1 MHz) and Magnetic Field strength. 
 

The best-selling systems for Nanoparticle Heating studies 
including: Hyperthermia, Calorimetry, In Vitro & In Vivo 

studies, Drug Release/Drug Delivery Research, Magneto 
Catalysis and Photo thermal application. 

 
The magneTherm system is available with Full Software control and 

display of all operating parameters. Method Storage and recall with full 
data analysis and display of SAR/SLP/ILP. 

 

   

Software Controlled 
Option 

magneTherm the most flexible System for all 

your Nanoparticle Heating Studies. 

Water Jacket Options 

(with IR) 

 
 
    

 

 

 

 

Live Cell Exposure 
Microscope Option 

 

 

 

Customised & Large 

Format Coil Options 

 

 

 

Drug Release/Delivery 
Option 

 

 

 

Magneto Catalysis 
option 

Visit our website for further details – www.nanotherics.com          E-mail: enquiry@nanotherics.com 

Single frequency 
Pure Sine wave 
Fourier transform shows no harmonics 
Consistent performance 



contact@sonsas.com www.sonsas.com LinkedIn

Design and production of
advanced nanomaterials

Access a full range of high-precision
nanomaterials and characterization services

Access a full range of high-precision
nanomaterials and characterization services

Custom-designed solutionsCustom-designed solutions

Off-the-shelf products  Off-the-shelf products  

Nanoparticles

Nanocatalysts

Multifunctional nanoparticles

Monofunctional nanoparticles

Our patented nanomaterials portfolio delivers unmatched versatility,
combining a broad application spectrum, diverse chemical
functionalities, and extensive possibilities for functional group
engineering.

From start-ups and research laboratories to multinational
corporations, we partner with you to design and develop fully
bespoke nano-objects, precisely engineered to your
specifications.

(SPIONs, gold, silica, etc.)

CharacterizationCharacterization

SON offers advanced nanomaterial characterization services
through its technical platform, including TEM/SEM imaging, FTIR, UV-
Vis and Raman spectroscopy, XRD, TGA, elemental analysis, DLS, zeta
potential measurement, BET surface analysis, X-ray fluorescence,
and ICP analysis.



A micromagnet is coated
to resemble a bacterium
and used to probe the
mechanism of interaction
with an immune cell¹

A fabricated interlocked
micromachine with multiple
magnetic domains shows
diverse modes for field-
induced locomotion²

A magnetic cilia carpet shows field-
dependent geometry and
multimodal robotic locomotion
from metachromal waves to rolling³

SEE THE MAGNETIC
M-A-G-I-C

Magnetic Actuation Gives Incredible Control
with

MagnebotiX AG - Pioneers in Magnetic Manipulation

CITATIONS:
1.Simone Schuerle et al, Robotically controlled microprey to resolve initial attack modes preceding  phagocytosis. Sci.Robot.2,
eaah6094(2017). DOI:10.1126/scirobotics.aah6094
2. Alcantara,C.C.J., Landers, F.C., Kim, S. et al. Mechanically interlocked 3D multi-material micromachines.  Nat Commun 11, 5957 (2020).
DOI:10.1038/s41467-020-19725-6
3. Gu, H., Boehler, Q., Cui, H. et al. Magnetic cilia carpets with programmable metachronal waves. Nat Commun 11, 2637 (2020).
DOI:10.1038/s41467-020-16458-4

Contact us
info@magnebotix.com
www.magnebotix.com 

https://doi.org/10.1126/scirobotics.aah6094
https://doi.org/10.1038/s41467-020-19725-6?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1038/s41467-020-16458-4?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
http://www.magnebotix.com/


PROVIDING INSTRUMENTATION  
FOR EXPLOITING NANOMAGN E TIC S

Magnetization harmonics

Magnetization harmonics index
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Supported by FEDER funding:

UNIÓN EUROPEA
Fondo Europeo de 
Desarrollo Regional (FEDER)
Una manera de hacer Europa

  Samples to be measured: 

Micro/nanomaterials dispersed in liquids (organic or aqueous), into  
biological (cells/tissues) or polymeric matrices, gels or powder. 

  Applications on: 

•	 MATERIAL SCIENCE:   
quality control, monitoring the influence of intrinsic & extrinsic MNP 
parameters.

•	 BIOMEDICAL & CATALYSIS APPLICATIONS:  
quantifying magnetic heat losses released by nanomaterials.

•	 LIFE SCIENCE APPLICATIONS: biomarker & bacterial/virus detection, 
monitoring protein denaturation.

w w w . n t s o l . e s

Headquarters: 
Carretera Madrid, 23
40150 Villacastín  
Spain

Contact: 
+34 609 411 812
+34 921 124 860
info@ntsol.es

Series
TM

•	 Bench-top equipment.

•	 Sensitivity down to 100 nAm2.

•	 High accuracy, reliability & 
reproducibility (>95%).

•	 User friendly interfaces for 
measurement & calibration 
procedures.

•	 No preinstallation nor maintenance.

•	 No experience required to obtain 
accurate and reliable results.

Versatile inductive magnetometers that measure 
dynamical  magnetization signal at room 
temperature under AC magnetic fields ranging from 
1 to 350 kHz, field intensities up to 150 kA/m: 

AC magnetization cycles, magnetic losses (SAR) 
& magnetization harmonics analysis (amplitude/
phase).

F e a t u r e s 



Magnetic Particle

Spectroscopy

Magnetic Particle

Imaging

Our flexible benchtop
MPI systems pushes
your research!

• Variable magnetic field
gradient strength
(up to 4 T/m)

• Scalable bore size
(from 16 mm up to 70 mm)

• real-time data
processing and 
visualization

• Lightweight
(MPI unit <5 kg)

Complement your MPS 
measurements with
critical offset magnetic
particle spectroscopy!

• Generate 
multidimensional 
magnetic particle
fingerprints

• Variable frequency 
range
(DC to 50 kHz)

• Variable magnetic 
field strength
(AC & DC up to 25mT)

• Lightweight
(MPS unit <2 kg)

Curious? Visit us at: 

www.phase-vision.com 



Scan & Connect: Access our official portal and become part 
of the world’s leading magnetic medicine innovation com-
munity.We warmly welcome your contribution and insight!

Editorial office: magmed@xjtu.edu.cn
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DIABETIC FOOT ULCER TREATMENT
Magnetic Hyperthermia (AMF) heats the paramagnetic iron 

nanoparticles that bacteria biosynthesize for its own nutrition and growth. 
AMF is a passive treatment that exploits this bacterial vulnerability. It 

then defeats the infection in several 15 minute treatment sessions. 

 

Magnetic Hyperthermia Treatment 
The Magnetic Heating Prevents Infections. (Patent Pending)

AMF penetrates easily into deep tissue and bone. It heats the bacteria 
cells from the inside to 30-40C. Bacteria cells denature from the heat and 
cell walls rupture. The infection is stopped. Healthy tissue is unharmed. 

WWW.MSI AUTOMATION, COM.
Email: dave.brinckerhoff@gmail.com 

Wichita, Kansas 67226 USA
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https://www.magneticmicrosphere.com 


