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Journal Update:

Is Publishing about Magnetic Micropheres Still Trendy ?

800

700 - Magnetic Microspheres
x | B World wide patents
2 600 I Journal articles
e A
8 500 — as of May 21, 2018
'g * total of patents and journal articles
S i
$ 400 -
O -
G 300 -
© ]
2 200 -
& i
-
= 100 -

o=
o Yo o 9, 9, <0 <0 <O <O
=<y 2 S 2, % 22 2 Yo s



Journal Update:

Publishing about Magnetic Nanoparticles, That's Trendy !

Really true!
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Christian Bergemann

Left us much too early at the age of 54
Was with us since the very first conference
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Christian Bergemann

Magmeet 1996 in Rostock, Germany



Christian Bergemann

Magmeet 1998 in Cleveland, OH, USA




Christian Bergemann

He supported many of us with magnetic nano-
narticles to try out all the crazy “things” we do
He will be missed!
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opinionated,

and might NOT mention your research
But that's why you have to stay around for the next 4 days ...
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The Magnetic Rattle
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Cheng L, RuanW, et al. (2017). Acta biomaterialia 58, 432-441



The Magnetic Rattle

Cheng L, RuanW, et al. (2017). Acta biomaterialia 58, 432-441




1C

Magnet

ine

d Crystall

IquI
Microflowers

L

(99
o}
T
NN
LN
<
o)
I
(@]
o
N—r
i)
O
L
(7))
(]
O
©
y—
-
()]
=
<
ke
(a1
)
w0
(]
O
©
Y
-
-
wn
©
c
©
(%))
.|m
O
o
)
©
=
()]
>
v
(7))
C
(g8}
O
o
(@)
A4
al
>
(@)
o
(7))
O
5
T




Magnetic Nanorings

Dias et al., Scientific reports (2018) 7:14843




Coatings



Coatings Are Crucial

But coatings are still tricky

(a)
Organic Organic
phase phase
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Coatings Are Crucial

But coatings are still tricky

2,

Aqueous queous

phase

* _phase_-
: Oleic acid capped Fe;O0, ./ Oleic acid capped Fe;0,4 Hydrophilic Fe;0,
O nanoparticles : nanoparticles with partial oxidation nanoparticles

(b) 0 o
HO on azelaic acid

OH

— 0 Cai et al. Langmuir

oleic acid \/\/\/\/KOH nonanoic acid 2017, 33, 1662-1669




In Vivo Biodistribution of Coated MNPs

60- -e- Citrate-stabilized uncoated
- PEG-PEI
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(Lot) c(Fe) [mg/ml] | in H20 in H20 | Z(Ave) [nm] in PBS | PL inPBS |atpH7
CM-dextran [0451745-001] 228 171 0.153 272 0.405 —38
PEG-PEI [0461745-001] 234 166.6 0.115 136.4 0.123 28

Sharma, Ivkov et al. Scientific Reports (2018) 8:4916



In Vivo Biodistribution of Coated MNPs

Sharma, Ivkov et al. Scientific Reports (2018) 8:4916



Feathery Superhydrophobic Surface

Inexpensive approach of making particles
with superhydrophobic silica shell
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Scheme 1. Schematic representation of the Fes0,@H-510,/KCC-1 preparation process

Alamri et al. / J Colloid Interface Sci 513 (2018) 349-356



Feathery Superhydrophobic Surface

SEM and TEM of superhydrophobic MNPS contact angIe 175 0

Alamri et al. / J Colloid Interface Sci 513 (2018) 349-356



Magnetic Change of Hydrophobicity

Contact angle of magnetoactive elastomers
can be changed by a magnetic field

Earth mag field 1120 ~500 mT 138°

Sorokin and Kramarenko et al. JMMM 459 (2018) 268—271



Magnetic Change of Hydrophobicity

Seems to happen through surface structure

changes
Earth mag field 1120 ~500 MT 138° 70% carbonyl iron MNP

SEM HV: 30.0 kV WD: 46.81 mm | ||
iew field: 3.49 mm Det: LVSTD 1mm
SEM MAG: 124 x

Sorokin and Kramarenko et al. JMMM 459 (2018) 268—271



Superhydrophobic Sponge for OIl
Cleanup from Spills in the Water

Tran and Lee, Scientific Reports (2018) 7, 17520



Assays and Diagnostics



DNA Bilosensor Assay

Assay does not need an extrinsic tag or
secondary hybridization step
Surface enhanced Raman spectroscopy

Bedford and Gu et al., Talanta 182 (2018) 259-266
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Rapid Diagnosis of Acute Infection

with Nanomagnetic System

Detection of antibody-secreting cells (ASCs) in
the peripheral blood 3-7 days after infection
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Park KS, Kim H, et al. (2017). ACS Nano 11, 11425-11432



Rapid Diagnosis of Acute Infection

with Nanomagnetic System
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Levitation Based Antigen Detection

agnetic levitation setup
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Levitation Based Antigen Detection
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Bubbles Make Good US Contrast

Uptake speed into macrophages is bubble
type dependent — external MNP are fastest

Endothelial cells do not
take up PVA bubbles

Ahmed et al., Cell Mol Bioeng (2017) 10, 537-548



Technical Applications



Size-Selective Exclusion Effects of
Liquid Cristalline Tactoids on MNPs
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Wang et al., Angew Chemie Int Ed 10.1002/anie.201712158



Size-Selective Exclusion Effects of
Liquid Cristalline Tactoids on MNPs

Wang et al., Angew Chemie Int Ed 10.1002/anie.201712158




Green Energy with Magnetotactic
Bacteria (or Magnetosomes)
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Magnetically Activated Adhesive

a
CH3
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Magnetically Activated Adhesive

Rough side down /

Rough side up O/

Davies et al., Chem. Sci., 2017, 8, 7758-7764



Magnetic Force



Magnetic Tooth Repair

Active steering of MNP to the dental pulp through
naturally occurring channels in the dentin

A Rat molar Prednisone-eluting Prednisone-eluting
nanoparticles magnetic nanoparticles

Experimental tooth cavity Control Experimental (30 min magnet pull )

Ji'Y, Choi SK, et al. (2018). Nanomed Nanotechnol Biol Med 14, 919-927



Magnetic Tooth Repair

Active steering of MNP to the dental pulp through
naturally occurring channels in the dentin
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Ji'Y, Choi SK, et al. (2018). Nanomed Nanotechnol Biol Med 14, 919-927



Endoscopic Targeting of MNP

Modeling was performed to figure out if endoscopic

magnetic targeting deep in the body is potentially useful

Esophageal Cancer
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Endoscopic Targeting of MNP

Modeling was performed to figure out if endoscopic
magnetic targeting deep in the body is potentially useful

Prostate
20
15
1C‘ {?.\
é f' o {8 ’
—10 [, .‘ | "' ,',"‘?-‘
—14 ) ll ':‘,’ \
5 30 40 0 :
Pros tate "0 10 2 , - 40
gand 10::0 Rectum 20 ‘ o 10 20 30
Urethra

Roeth, Slabu et al., Int J Nanomedicine 2017:12, 5933-5940
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Intraperitoneal Magnetic Concentration

of Chemotherapeutic Drugs

Intraperitoneal infusion of chemotherapeutic drug
Optimization of tumor drug exposure with MNP

(8) Magnet S N

Shamsi et al. (2018) Drug Delivery 25:1, 846-861



Intraperitoneal Magnetic Concentration

of Chemotherapeutic Drugs

Magnetic force increases concentration in tumor, as
well as length of exposure
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Intraperitoneal Magnetic Concentration

of Chemotherapeutic Drugs

MNP size is also crucial and should be optimized

a= a= 100 nm a =200 nm

35 nm
| (0.4
10.3
' 0.2
0.1

C (mol/m’)

a = 300 nm a = 400 nm a = 500 nm

Shamsi et al. (2018) Drug Delivery 25:1, 846-861



Magnetic Actuation to Disaggregate

MNP and Pass the Blood-Brain Barrier

Delivery of MNPs to BBB requires control over
aggregation and disaggregation
Only possible by discontinuous magnetic field function

Left Actuation
Coil

Discontinues Asymmetrical Field Function
DAFF it)

Left Coll
Activation

ARl

Right Actuation Hoshiar et al., Nanomaterials 2018, 8, 3;
Coil doi:10.3390/nano8010003




Magnetic Actuation to Disaggregate

MNP and Pass the Blood-Brain Barrier

Left Coil 4 FF (1 Magnetic Field: 6A, Fr. 0.5

Activation

Flow velocity: 1 mm/s

Right Coil
Activation

///
11—

Correct

outlet

05
) Incorrect
MNPs exit the safe zone and
A ek - outlet
cnter e ICOIrect OutiCt yoshiar et al., Nanomaterials 2018, 8, 3;
doi:10.3390/nanc8010003




Biological Applications



Targeting of Cell-Derived Magnetic

Microvesicles

Microvesicles are nanosized (100-1000 nm) membrane-
bound vesicles secreted by many cell types
Can transport cargos including protein, RNA, DNA

(A) Exosomes (B) Microvesicles (C) Apoptotic bodies
' 2 g
% %o/ % >
MVB e, s - YNy R
> o(fr 4 “ ® " el =
) O / NS \
S ) { ) p N 1\‘ — )
B - N\ N\ A0
Internal budding ,

followed by secretion

Trends in Cancer



Targeting of Cell-Derived Magnetic

Microvesicles

Biotin- and folic acid modified microvesicles were used
to make magnetic targeting microvesicles

SA-IONPs
=

4" DSPE-PEG-Biotin
-
' DSPE-PEG-FA I

* < Tumor
Macrophages ' Tumor-bearing mice Zhang et al. (2018) ACS Nano
- - o = p DOI:
g FA/Biotin-MVs @. FA/IONP-MVs @ FA/IONP-MVs-DOX 10.1021/acsnano.6b05630



Targeting of Cell-Derived Magnetic
Microvesicles

FA/IONP-MVs IONP-MVs+MF  FA/IONP-MVs+MF




Ferritin Protein Controls Degradation

of Iron Oxide Nanoparticles
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Medical Applications



Niels Kaj Jerne Auditorium

1911-1994

* Was a Danish immunologist

* Shared Nobel Prize in Physiology or Medicine in 1984
with Georges J. F. Kéhler and César Milstein "for theories concerning the
specificity in development and control of the immune system and the discovery
of the principle for production of monoclonal antibodies”


https://en.wikipedia.org/wiki/File:Niels_Kaj_Jerne.gif

Fucoidan-Based Magnetic
Nanoparticles Enhance Immunotherapy

h |

30 - 15 £ 904
s A — lO@FuDex I0@Dex I0@Fu 10@FuDex| @ 10
! 25 N 10@Dex < 0 E 60 10@FuDeax
o1 — 10@Fu E | ) Suspension
} 204 | = 154 c 304
} B | 1 .E -17.3 =
: 159 | /A § -804 8 0+
i 1 \ o -32.84 2
104 [/ & 45 = g —30-
eyl Z 8
Posq i\ N _60- 1 e —80
1 4 | \ -60.06 ©

0 T T T — i T T L] T L] T —75 E —90 7 T T T T T T T T T

0 200 400 600 800 1,000 -10,000 -5000 0O 5,000 10,000
Diameter (nm) H(Oe)

Chiang et al. Nature Nanotechnology (2018) doi:10.1038/s41565-018-0146-7



Fucoidan-Based Magnetic

Nanoparticles Enhance Immunotherapy
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Immunomodulatory Microspheres

. @
E e

Interferon-y ~ Ironoxide

| Nanocube |

O ~7
Tumor cells ~ >©
IMM-MS C ->@

Chemokines NK cells

Park et al., ACS Appl. Mater. Interfaces 2017, 9, 13819-13824



ermo-Sensitive Magnetoliposomes

- -G Noarmal Cell

, = ﬂ‘s" Blood Vessel mﬁ

R e S
Tumor Cell Y)&;&\j

Combined magnetic and

» —_— - - __\;’;“ folate receptor targeting
2" Ahernating Magnetic Field ~ ~~_ =
_,/ W R i L \\ Flugrescent imaging Menising
PE B L R /

Nucleus

GuoY, Zhang, et al. (2018). J Contr Rel 272, 145-158



Thermo-Sensitive Magnetoliposomes

Just by heating (water bath) In vivo in tumor bearing mice
A_°¢
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GuoY, Zhang, et al. (2018). J Contr Rel 272, 145-158



Tumor pH and Particle Mapping

R2 Mapping of brain tumors

Additional mapping of MNP as drug carrier
Mapping of the intra- and peri-tumoral pH as
a therapeutic outcome control

80

(a)

Maritim et al. (2017) Hindawi Contrast Media & Molecular Imaging ID 3849373



Tumor pH and Particle Mapping

Coinfusion (RG2) Coinfusion (9L)
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Maritim et al. (2017) Hindawi Contrast Media & Molecular Imaging ID 3849373



Magnetically Enhanced Colon Targeting

Azoreductase in the colon could be used for
drug release in inflammatory bowel diséas®

.

Teruel AH, Pérez-Esteve E, et al. (2018). J Contr Rel. o O _
( !l: ,]
https://doi.org/10.1016/j.jconrel.2018.05.007 .

® = Safranin O (S1) / Hydrocortisone (S2)

® — Oleate Fe;0, nanoparticles


https://doi.org/10.1016/j.jconrel.2018.05.007

Magnetically Enhanced Colon Targeting

Safranin O concentration in colon when given
in magnetic particles suspension plus a
magnetic belt is highest

I group 1
group 2
I group 3

1.4

o —_ —_
o o (N

Concentration (ug / mL)
o
o

o o

Mo IN

—
—

Teruel AH, Pérez-Esteve E, et al. (2018). J Contr Rel.
https://doi.org/10.1016/j.jconrel.2018.05.007

o
o

cecum colon feces


https://doi.org/10.1016/j.jconrel.2018.05.007

There is Much More.....

... from your colleagues during
the next few days here at the
meeting !

And don’t forget to check (and
contribute) to our website:

http://www. magneticmicrosphere.com




PhD Defense — In a Different Way

-"MC//»?H BIALAS.

"/ THEICOMMITTEE
For the title of Ph.D

THE DESIGN AND ENGINEERING
OF AN ARTIFICAL PROTEIN
MAGNETOSENSOR

ADMISSION INCLUDES THE ENTIRE SEAT
... BUT YOU'LL ONLY NEED THE EDGE!




New Books (I)

Nanomagnetic Actuation in Biomedicine: Basic
Principles and Applications
Jon Dobson, Carlos Rinaldi

g,
LWLy
W

January 5, 2018 by CRC Press
Reference - 256 Pages - 71 Color & 26 B/W lllustrations
ISBN 9781466591219 - CAT# K20502

CRC Press
Taylor & Francis Groop



New Books (Il)

CLINICAL Clinical Applications of Magnetic
APPBPLICATIONS Nanoparticles
OF MAGNETIC
NANOPARTICLES

eoreo sy Nguyén T. K. Thanh

CRC Press, 2018

ISBN: 9781138051553. 490 Pages
Ed. Nguyen TK Thanh
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