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Unfortunately, this pandemic is not over yet
Yesterday, 4766 people tested positive, 4 died

The mayor of London recommends
Get vaccinated and boosted as soon as possible

Consider wearing a face covering, especially indoors
and in poorly ventilated spaces

Stay at home and avoid contact with others for
5 days if you test positive for COVID-19

If you have symptoms of COVID-19 or other
respiratory iliness, stay at home until you no
longer feel unwell

Remember good hygiene, including covering your
mouth and nose with a tissue or your sleeve when
you cough or sneeze and washing or sanitizing your
hands regularly




Our Special IMMM lssue -

NOW ONLINE Since Yesterday

Editors:
Silvio Dutz, Maciej Zborowski, Lucia Gutierrez
We need your help in reviewing
the papers — please say “yes”
when we ask for your assistance.

Thanks!

And you can now submit: -
VSI: Magnetic Carriers 2022

fint

Limit: 1 per lab



DISCLAIMER

This presentation is rather incomplete, opinionated,
one-sided, and might NOT mention your research
But that's why you have to stay around for the next 4 days ...




The Relative Size of Particles

THE RELATIVE SIZE
OF PARTICLES

From the COVID-19 pandemic to the U.S.
West Coast wildfires, some of the biggest
threats now are also the most microscopic.

A particle needs to be 10 microns (pm) or FINE BEACH SAND 920umm
less before it can be inhaled into your
respiratory tract. But just how small are

these specks? GRAIN OF SALT é0um
Here's a look at the relative sizes of
some familiar particles ¥

HUMAN HAIR

FOR SCALE

WHITE BLOOD CELL 25um »

GRAIN OF POLLEN

DUST PARTICLE (PMio)
RED BLOOD CELL 7-8um

Pollen can trigger allergic reactions
and hay fever—which 1in 5
Americans experience every year.

o Seuecs Harvad Heslth

RESPIRATORY DROPLETS

DUST PARTICLE (PMz2.s) 2.5um >

" The visibility limits for what the naked
eye can see hovers around 10-40um.

BACTERIUM 1-3um » ;
WILDFIRE SMOKE vy

CORONAVIRUS 0.1-0.5pm » ‘
o ¥ 5

T4 BACTERIOPHAGE 0.225um o Respiratory droplets have the potential

to carry smaller particles within them,
such as dUSt Or coronavirus.

.

ZIKA VIRUS 0.045pum » # - “ing

Wildfire smoke can persist in the air for
several days, and even months.
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Technical Applications



Magnetic Guiding with Permanent
Magnets

Good review
Application of
Halbach arrays

BlUumler Peter, Cells 2021, 10(20), 2708;
https://doi.org/10.3390/cells10102708



Encoding (+ Reading out) of 77 Billion

Magnetic Codes in One Particle
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Prickly Shaped Iron-Carbonyl Particles

Hydrothermal reaction to
grow superhydrophobic MMS
Central composite design
method

The optimal glucose
concentration, temperature,
and time were 0.75 Mol/L,
170 °, and 4 h,

respectively

Rabbani Y et al., RSC Adv,,
2022, 12, 12760-12772

Super-Hydrophobic
180 «




RNAseA Loaded Janus Particles

Mag HEtIC hype rthermla Zuo S et al., Front. Bioeng.
. Biotechnol. 9:763486. doi:
Release of RNAseA protein 10.338/fbioe.2021.763486

Together effective in cancer model
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pH-respohsive RNaseA release



RNAseA Loaded Janus Particles
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New Magnetic Particles

Discussion later this afternoon: Do we really
still need new magnetic nanoparticle types?




Coatings



Gallate Coating Makes Antioxidant

MNPs and Enhances Internalization

Articoddant propertas - ROS scavenging abdity

finEaxidan! proporties - ROS scovenging ahility

2 -NH -TA

Swietek M, MaYH, et al. (2022). Nanomaterials (Basel) 12



Biodegradation Is Coating Dependent
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Assays and Diagnostics



Alzheimer’s Diagnosis in Blood

Enzyme linked to
detection antibody

P-tau181 analysis in blood is as SO
sensitive as PET or cerebrospinal -\,
fluid biomarker

Plasma protein
of interest

analysis A éﬁy}m %
Antibody-based

assay Simoa® by Quanterix, got
breakthrough device designation
by FDA at the end of 2021 6

-

Tangles Of amy|0|d precursor prOteIn Sample plate. One bead per 50 fL well,
200,000 wells per plate.



Humans May Sense Earth’s

Magnetic Field

"l think this paper will make  “I'm not surprised there's an
quite a splash,” says Peter effect,” says Margaret Ahmad
Hore, a physical chemist at
the University of Oxford

The effect showed up in less
than a third of participants,
which could indicate that
genetic factors or past
experiences influence a
person's sensitivity to a
magnetic field, says cognitive
neuroscientist Shinsuke
Shimojo

Servick, K. (2019). Science 363(6433): 1257-1258



Termites Certainly Do And Use

Geomagnetic Fields for Orientation

In an interplay of light
sensitive magneto-
receptors, olfactory co-
receptors and MNPs in
the brain

Seenin fire ants and
leafcutter ants too

Gao Y, Wen P, et al. (2021). Commun Biol 4, 1121



Biological Applications



Chemomagnetic Nerve Modulation

Thermosensitive
magnetic liposomes were
able to release
neurostimulatory drugs
in an AMF and then
modulate motivational
behavior in mice
Receptors that exemplify
the chemogenetic
principle are called

DREADDs (designer ), e
receptors exclusively 1 e SN R S A
activated by designer il]s
Rao S ... Anikeeva P (2019). Nature weocg 0 X ' oo 1 o2 o3
Nanotechnology 14, 967-973 e @ TR



Design of Multiplexed Control of Cell Signaling

Using Selective Magnetothermal Stimulation

= ¢ 4, highH, low f
T JANAY
uning magnetic anisotropy \VARVARVAX

d orbital |0W- T=37°C . . Fe.O, M

Fe, 0,
1‘++++J:tzg + jiC % ® g

...........

L] o Sy 7
2a Bz 7Y a5t Cafely ._f'-f 45 ﬂﬂfﬁ@ . -"lIl
40 > . 4::-. Wi Vo —
= 50 [ P ~ 39 /ur
= P > 5 E] o E a0 8
F = 95 g ¥ 25 F |
"E i / = = /,/ = /v = '
= # 120 o F o et b i o
I = s0| S—— z 1 15 .-/__,n--. ‘ 16 | | % =003
E E 10 j = - 0 A ,
& & [ :
ol 10 ol g / /
W] == =
o0 &0 0 50 100 o0 —ta 0 53 100 I &1 B0 2 4o B0 D
B(mT) B{mT}) HikAmm) HikAJm)

Moon J ... Anikeeva P (2020). Advanced Functional Materials 30, 2000577.



Biofilm Fighting MNPs That Release NO
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Medical Applications



Best Approach to Load Cells with

Magnetic Particles
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Urchin-Like Magnetic Microsphere
Cancer Therapy
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Urchin-Like Magnetic Microsphere

Cancer Therapy

VMF for Oh * " - VMF for 0.5h

VMF= low frequency vibrating magnetic field
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Magnetic Cisplatinum Prodrug

Pt(IV) prodrug with 104 emu/g
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Magnetic Cisplatinum Prodrug

Clearly less toxic and more effective than the
parent drug cisplatinum
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Reverse Magnetofection with siRNA

Delivery to the Retina

Magnetic plate
Retina explant - Mot treated - e - - w1y Hetina explant
Reverse Magnetofection

GAPDH expression

@E@F  XPMag/siRNA GAPDH silencing

ﬂﬂ;- complexes

Bassetto M, Sen M, et al. (2021). Bioconj Chem 32, 1078-1093.



Drug Delivery from Topical Eye

Drops to Maintain Retinal Function

Barded-Biedl syndrome (BBS) is a rare genetic disorder of the retina
Magnetic delivery of two drugs guanabenz and valproic acid
Electroretinograms showed beneficial effect in BBS-/- KO mice

iiagnel

ERG recording 14 days post-treatment

A a-wave B b-wave
= 150+ . o0
= % 400 a®o © Untreated WT
'%: 1004 2004 P9 Untreated KO
E;_ o | 200- "3 v KO treated 40 pg/ml MNPs
T B0— i_ [
o .—E ‘ 100~ |’_' ‘
= [
g ; = o 4 0 .
RPE+0S Flash intensity 0.3 cd.s/m’ Flash intensity 0.3 cd.sm”

Bassetto M, Ajoy D, et al. (2021). Pharmaceutics 13



Gene Delivery to the Lungs

Synchrotron x-ray beam investigation
Gene delivery with magnetic particles to lungs, with the aim
of treating cystic fibrosis

Donnelley M, Cmielewski P, et al. (2022). Scientific reports 12, 9000.



Gene Delivery to the Lungs

(a) MP3: 0.25 um, 10-15% Fe,0, (b) MP4: 0.9 um, 10-15% Fe,O,

Iff H“*., ‘ ‘ ) ‘ ‘
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(c) MP5: 0.25 pum, 80% Fe 0,

W
G
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2 :”::}'

Donnelley M, Cmielewski P, et al. (2022). /
Scientific reports 12, 9000.
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Gene Delivery to the Lungs

(a) LVMP + Magnet
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Donnelley M, Cmielewski P, et al. (2022). Scientific reports 12, 9000.



What Is Next Step in Nanomedicines?

o Huge success story o
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Magnetic Delivery of
Lipid Nanoparticles

Still needed

Hottest topic at the moment

But Vaccine Applications are Just the Tip of the Iceberg, LNP mRNA
Technology Will Enable a Multitude of Gene Therapies

’/.I_ .\' '.~ a3
SRR
Size: 100-280 A * * (Cystic fibrosis, etc
Slide from Pieter Cullis, University of British Columbia, Vancouver, Canada

Infectious Diseases (Vaccines): PﬁZEI’/BiOﬂTQCh
* COVID-19

* Universal influenza vaccine Moderna

* H\V

* Zika

Malaria, etc

Chronic diseases

* Cancer

* Heart disease

* Alzheimer’s, etc
Inherited diseases

* Sickle cell anemia

* Huntington’s disease



Ferrofluids
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Ferromagnetic PS-ColNPs
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New Ferrofluids Books

MAGNETIC
HYBRID-
MATERIALS

MULTI-SCALE MODELLING, SYNTHESIS,
AND APPLICATIONS

Edited by Stefan Odenbach

CH. Al F \\ . ‘
» /
M. GR P -
% Ay =
5. MA G

ATSCHOPE JWAGNER THWALLMERSPERGER

Multi-scale Modelling,
Synthesis, and Applications

Edited by: Stefan Odenbach
https://doi.org/10.1515/9783110569636

Published: November 8, 2021
812 pages

-ULND, H. PLEINER J. CLEMENT, F. V. EGGELING 5. DUTZ B. FISCHER
R. V. KLITZING M. KRUTYEVA H. LOWEN F. LUDWIG
T. SCHEIBEL ASCHMIDT M.SCHRODNER R. STANMARIUS

AMWASKE, .ECKERT HWENDE KZIMMERMANN


https://doi.org/10.1515/9783110569636

Other New Books

BIOMEDICAL i . -
APPLICATIONS OF S L SRR

MAGNETIC PARTICLES : !
‘ Nanomagnetic Actuation
in Biomedicine

EDITED BY
JEFFREY M. ANKER
O. THOMPSON MEFFORD

@ CRC Prews

CLINICAL
APPLICATIONS
OF MAGNETIC
NANOPARTICLES

eoreo ey Niguy@n T. K. Thanh




Other New Books

Nanomedicine and Nanotoxi

: ”~
Magnetic Nanoparticles

For hedncal Dli.'ln,g_l"ll'.l'.-n'.!l'.i'.-i Surender Kumar Sharma
Yasir Javed Editors ‘

daiaje Lpssling:

T Magnetic
~—= Nanoheterostructures

Diagnostic, Imaging and Treatment

@ Springer




Worth Reading ?????

| guess not — it was withdrawn in the meantime

Can Traditional Chinese Medicine provide insights into controlling the
COVID-19 pandemic: Serpentinization-induced lithospheric
long-wavelength magnetic anomalies in Proterozoic bedrocks in a
weakened geomagnetic field mediate the aberrant transformation of
biogenic molecules in COVID-19 via magnetic catalysis

Moses Turkle Bility #*, Yash Agarwal @, Sara Ho ¢, Isabella Castronova @, Cole Beatty ®, Shivkumar Biradar ?,
Vanshika Narala 2, Nivitha Periyapatna?, Yue Chen ?, Jean Nachega #P

Heliospheric
Magnetic Field /

prevents disease
in thoracic organs

Increased Sea levels and
Terrestrial Water Storage

Magnetic Anomalies :
(Induces COVID-19 via

Long-Wavelength
Magnetic Catalysis)

magnetosphere ionosphere induced

currents

Iron Oxides-Silicate
Rock Minerals

Bility MT,
AgarwalY, et al.
(2020). Sci Total
Environ, 142830.

Serpentinization
of Peridotites

Sq + EEJ

currents }‘
Magnetic

observations

Increased CO2




There is Much More ....

137 ]SCIENITC'II;IC Aorll\lb CLINICAL .
APPLICATIONS OF ... from your coIIeagues durlng
MAGNETIC CARRIERS
the next few days here at the

meeting!

3 levoland ir # And don't forget to check (and

@““% " contribute) to our website:

http://www. magneticmicrosphere.com



ThankYou

Participants / Reviewers

Local organizer Thanh and her students h cell
Exhibitors / Sponsors Cnemnice

NEW TOOLS IN BIOSCIENCES

: VAN
fe» Micromod | M AG IZN.  nanoTherics

-« BIOSYSTEMS

sepmag [[HENNININ] L=t hEECES Femolee

and service limited

Q) CucntumDesign aggpuqtlggf; JnB
UK AMD IRELAND

o) nanoScale
e Taylor & Francis Group BZ%R Biomagnetics
an informa business Experts in Magnetic nanoHeating




A Very Special ThankYou
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