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Physics for bio - Motivation

Physics-based biomedical approaches

Non-thermal plasma Transcranial magnetic stimulation Interdisciplinarity is key for success!
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Physics (/¢ <) 5 Biology
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e
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Chemistry
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@
O RP4 aims to create unique interdisciplinary platform that would merge complex research
',': across physics, chemistry, biology, and medicine. Our goal is to gain deep insights in
= fundamental mechanistic understanding of selected physical factors.
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RP4 Infographics

Irena Kratochvilova, Ph.D. Hana Lisalova, Ph.D.
leader of RA4 - Nanopatrticles leader of biosensors research
for theranostics direction
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“Physics for Bio” Research Activities (RA)

RAS - Biomaterials and RA1 - Biophysics of high-
biointerfaces gradient magnetic fields

RA4 - Nanopar’_ucles for RA4 -
theranostics

RA2 - RAZ2 - Plasma and irradiation
Kratochvilova

Dejneka for bioapplications
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Projected Final State and Timeline

ISAB critics and comments were very important.

Expanding
international
visibility of the
program and active
Advancing interaction with /
interdisciplinary industrial partners ‘@’

research

2018-2019 200 2021 L2022 2023

Interdisciplinary

Developing International platform
infrastructure and visibility of the ..Il gain deep insights in
networking of the program \ fundamental

RP4 team . sti
mechanistic

understanding of
how selected physical
factors (e.g., magnetic
fields, non-thermal
plasma, various
nanoparticles,
diamond, or diamond-

N Fyzikalni tstav like carbon
o ) FZU Akademie ved biomaterials) affect
eské republiky

biological systems.




Main Acquired Equipment and Infrastructure

Novel life super-resolution imaging system

]
= 5 [W[ v‘

New laboratories & offices

| Microwave plasma deposition system
SDS6K, Seki Diamond Systems Ltd.
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Biophysics of high-gradient magnetic fields

Results RA1

(Lunov)
RP 4 2018 2019 2020 2021 2022 2023 _
wv [l m v | nlmlw o wlm v oo lmliwv ]| o ngm
WP1 Effects of HGMF on magnetic nanomaterials M4.01 | ]
“ WP2 Static and pulsed HGMPFs effects on stem cell functionality : :
g WP3 Study of cell behavior on magnetically patterned substrates ! !
WP4
FTE 0.76 3.00 3.00
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Progress Since the Start of the Project and Since the last ISAB

Endocytosis

MAG N ETIC MATERIALS MPs 1 h post MPs Pos. Control
e ~ Magnetic field
pEERREY =
V . | SPIONSs
N 2 B 3 \b
Biological effects 5 - . - °
= Rquptor ’ r w
S 404 £ R
mechanisms induced by external magnetic fields £ ) l Fhancemer
® WP
1 h post MPs
Pulsed magnetic field ~7-8 T N
Cancer killing
cathepsin B
£ e lysosome
'\ : b with SPIONs
Dr. Nora M. Dempsey Control SPIONs
Institut Neel, = PME
CNRS/UJF, Grenoble 3]
ool PMF
o SPIONs + PMF
Magnetite
oo APOPTOSIS

‘ o\ FZU ;{gzgng" Uzhytchak et al, Appl Phys Lett. 2017; 111: 243703.
) Ceské republiky Lunov et al, Cancers 2019; 11: 1873. 8
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Milestones and Deliverables

Effects of HGMF on magnetic nanomaterials ~

Static and pulsed HGMFs on cells

Study of cell behavior under magnetic field

Effects of HGMFs on membrane potential

C X X

The results show that the predicted effects are
too weak to account for the reported
measurements by huge margins: between five
and ten orders of magnitude.

A FZU
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Contradictory Results A Follow this preprint

No evidence for detectable direct effects of magnetic field on cellular
autofluorescence

Mariia Uzhytchalk, Barbora Smolkovd, Adam Frtds, Alexandr Stupakov, Mariia Lunova, Federica Scollo,

Martin Hof, Piotr Jurkiewicz, Gareth John Sullivan, Alexandr Dejneka, Oleg Lunoy
doi: https://doi.org/10.1101/2022.05.15.491784

This article is a preprint and has not been certified by peer review [what does this mean?].

ARE
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Future Plans and Risks (Sustainability)

Continue and expand cooperation within created
cluster of RP4 (RA3,4,5)

Dr. Nora M. Dempsey
Institut Neel,
CNRS/UJF, Grenoble

The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews
Matthew | Page,! Joanne E McKenzie,! Patrick M Bossuyt,’ Isabelle Boutron,’ Cr|t|Ca| SyStematIC review Of curre nt I|te I’atu re

Tammy C Hoffmann,* Cynthia D Mulrow,” Larissa Shamseer,® Jennifer M Tetzlaff,” Elie A Akl,®
Sue E Brennan,' Roger Chou,” Julie Glanville,'® Jeremy M Grimshaw,'* Asbjgrn Hrébjartsson,*?
Manoj M Lalu," Tianjing Li,'* Elizabeth W Loder,'® Evan Mayo-Wilson,'® Steve McDonald,*
Luke A McGuinness,'” Lesley A Stewart,'® James Thomas,'® Andrea C Tricco,?® Vivian A Welch,?!
Penny Whiting,*” David Moher??

Expanding international visibility and cooperation

N Fyzikalni ustav
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Results RA2

Plasma and Irradiation for Biomedicine
(Dejneka)

RP 4 2018 2019 2020 2021 2022 2023,
w [t m v | (T ST\ T T Y2 VO 7 Y20 I T T
WP1 |Physicochemical analysis of non-thermal plagmMa.05) I 1
WP2 Effects of non-thermal plasmas on distinct cell cultures : :
wWP3 ! I
WP4 Effects of NTP treatment on wound healing processes :
FTE 0.52 2.00 1

A FZU

Fyzikalni ustav

Akademie véd

Ceské republiky

‘Charged particles;

Electronically excited atoms/molecules;
-Radicals, ROS and RNS;

UV photons.
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Progress Since the Start of the Project and Since the last ISAB

Cold plasma generator certified for
veterinary use. Pilot testing was done
in 21 contractual veterinary clinics

N Fyzikalni ustav
o Akademie véd
) Ceské republiky

In the evaluation period, construction of
the plasma nozzle was protected by 1
patent and 2 utility models.

Clinical study for human medicine
applications was started at the Burn
medical center in Brno

12



Milestones and Deliverables

\\:} RONS
2 UV photons

ions
» EM radiation

) D
y A

Physicochemical characterization of NTP

modification of
proteins

NTP effects on living cells

modification of

DNA and cell
cycle
changes in ce bm % indugtion of cell Immunomodulatory effects of NTPs
viability death

C L K KX

changes in cel changes in cell Wound healing by NTPS

adhesion migration

Lunov et al, Appl Phys Lett 2015; 106: 053703.
Lunov et al, Sci Rep 2014; 4: 7129.

Lunov et al, Br J Dermatol 2016; 174: 486.

Lunov et al, Biomaterials 2016; 82: 71.

Lunov et al, Sci Rep 2017; 7: 45183.

Lunov et al, Sci Rep 2017; 7: 600.

Smolkova et al, Cell Physiol Biochem 2019; 52: 119.
Smolkova et al, Int J Mol Sci 2020; 21: 6226.
Smolkova et al, Cancers 2021; 13: 4549.
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Future Plans and Risks (Sustainability)

Poor clinical
transition

Unknown molecular
mechanism

Missing
standardisation

Questionable animal
and cellular models

Smolkova et al, J Funct Biomater. 2019; 10: 2.
Smolkova, et al., Int. J. Mol. Sci., 2020. 21: 17.

N Fyzikalni dstav
o Akademie véd
) Ceské republiky

Expanding international visibility and cooperation

CE certification (kINPen MED)

Clin Plasma Med 4, 19-28 (2016).

Institute for Clinical &
Experimental Medicine
(IKEM)

FOTON, s.r.o.
SINDAT spol. s.r.o.
Agriculture and Food
Industry

Burn medical center in Brno
University of Oslo, Norway

14
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Results RA3

Bioelectronics and Biosensors
(Kromka)

RP 4 2018 2019 2020 2021 2022 2023 _
w [t m v | nlmfw | oo lmwm v ol lm|iwv ]| o] ol om
WP1 |Diamond and carbon based biodevices M4.09| I |
I car I vIC I I
o0 WP2 Optimization of technologic processes | i
2 s - !
|
WP4 Data validation and new approaches
FTE 0.86 3.40
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Progress Since the Start of the Project and Since the last ISAB

New chemical pathway for large-area deposition of doped diamond

(1)2 CO,— 2 CO+ 0, (2) CH, + 0,~ €O, +2 H,

co, TMBT (%)
(%) 02 05 1 2 — 4| —J[TwBT02%] .ch. e — (3) CO, + H2 - CO+H,0 4)CO+H,-»C+H,0
i i 4P * *
. —_ i tPA B 'tPﬂG 5)H,0->H" + OH
;i VAR R :
05 £ pathways for active C and B atoms
: -
@
= Y - B(CH,;0); + H, - 2 CH, + H;BO; + C
8 400 800 1200 1600 . H;BO; = HBO, + H,0
Raman shift (cm) HBO, + 2 H,0 — B(OH), + 2 H,
o B(OH), + 2 H, » B +4 H,0
. "N. Makuch et al., Coatings. 10 (2020) 564
Boron-doped diamond grown only from trimethyl borate
3.2 R

and hydrogen (no methane).

] *‘-’f““xn B
No methane! (CHy) : .
o methane ?/ ..... - Boron doping level & morphology controlled by adding CO..
‘H 3 C\OV B?\*O
AY Fyzikalni dstav S T o . i . .
([ :OZ FZU Alstemievad o Trimethyl borate found as low-cost and safe liquid source

N for large-area MWCVD growth of doped diamond films!
M. Marton et al., DRM 126 (2022) 109111



Milestones and Deliverables

Novel Class of Nanoporous Diamond (Electrodes ...)
150

e —

Continuous films §
Y, S o I3

Diamond sensor (FETs & impedance & QCM
devices) (M4.09)

100

Novel opto-electronic devices (M4.10)

06 04 02 00 02 04 06 08
E/mV vs Ag/AgCI

Stenclova et al., Vacuum 2019; 170: 108953 Bio-interaction of cells with diamond (M4.11)
Ahmad et al., Int. Jour. Nanoelectronics & Materials 2020; 13: 295

Ukraintsev et al., Carbon 2021; 176: 642

Kodi et al., Sensors 2021; 21: 5390

J. Fait et al., Applied Surface Sciences 2019; 480: 1008
Ondic¢ et al., Nanoscale 2020; 12: 13055
Fait et al., Nanophotonics 2021; 10: 1

Artemenko et al., Diam. Relat. Mater. 2019; 100: 107562 Directions/concepts for biosensors (M4.12)
Prochazka et al., Colloids and Surfaces B: Biointerfaces 2019; 177: 130

Kratka et al., Colloids & Surf. B: Biointerfaces 2021; 204: 111689

Prochazka et al., Applied Surface Science 2022; 589: 153017

Varga et al., ACS Omega 2019; 4: 8441

Tulic et al.,, RSC Advances 2020; 10: 8224

Marton et al., Diam. Relat. Mater. 2022; 126: 109111
Pfeifer et al., ACS App. Eng. Mat. 2023; 1: 1446
...work in progress...



Future Plans and Risks (Sustainability)

G
u Universitat E
Siegen R

_ M
Photonics A

Optical centers { Supercapacitors Csp2/sp3
Prof. M. Agio Dr. K. J. Sankaran

Project to be submitted in 6/2023 New project from 2023

O Continue and expand cooperation
within created cluster of RP4 and -
other partners

INMO-INMONEC E
mec .

G
Electrochemistry lIJ

P
[ Expanding international visibility 0

and Cooperation GDANSK UNIVERSITY A

OF TECHMOLOGY N
? Biosensors D

Prof. R. Bogdanowicz Prof. N. Yang M
New project from 2023 Proof-of-concept experiments

Q Critical systematic review of :>

I H B Massachusetts i ]
I I Institute of Project preparation
current state of the art

Technology U )
S with the USA partner
Diamond NEMS A

A FZU 2 Prof. Ju Li 19

Proof-of-concept experiments




Results RA4

Nanoparticles for Theranostics

(Kratochvilova)
2018 2019 2020 2021 2022 2023
RP4
wv [t m v | mlmfw | o lm v wm v ngm
WP1 (Nanoparticles preparation M4.13

wWp2

WP3

WP4

Nanoparticles surfaces termination

Tests of nanoparticles in cells

Best nanoparticles properties determination/testing

FTE 0.47 2.40

2.40
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Interaction with a cell
Different coating

Different cell types

Different core size

Engulfing
' Digesting

Impact on the
intracellular

- pathways
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Progress Since the Start of the Project and Since the last ISAB

Liposomes Magnetic nanoparticles

Cytotoxicity =~ Lowtumor  Poor clinical
molecular delivery performance
mechanism in human

Frtus et al, J. Control. Release 2020; 328: 59.
PRO-EURO Nowadays, there are 29 (57 were in 2016) FDA-approved

D I LI N E TW O R |< nanomedicines and 75 products in clinical trials.

WLW Lysosomal Membrane
Permeabilization

Prospective European Drug-induced Liver Injury Network —

28 Countries

Action COST CA17112

PRO-EURO-DILI-NET

Prospective European Drug-Induced Liver Injury Network
https://proeurodilinet.eu/
https://www.cost.eu/actions/CA17 112/#tabs|Name:overview Lysosomal Lumen

Alkalinization

Transmembrane Protein

Cytoplasm Acidification

Cathepsins D release

N Fyzikalni ustav . . . . ..
(‘ o Z FZU sademievis - Nanoparticle-induced dysregulation of lysosomes as the main reason for nanotoxicity ,,

Uzhytchak et al, Adv. Drug Deliv. Rev. 2023; 197: 114828.


https://proeurodilinet.eu/
https://www.cost.eu/actions/CA17112/#tabs|Name:overview

Milestones and Deliverables

v" Nanoparticles preparation

v" Nanoparticles surfaces termination

v’ Tests of nanoparticles in cells/

v’ Best nanoparticles determination / testing

NANOPARTICLES

Metallic nanomaterials superparamagnetic iron oxide
nanoparticles, gold, silver nanoparticles
Carbon-based nanomaterials graphene, carbon
nanotubes, nanodiamonds)

* Polymer-based nanomaterials / liposomes -

phospholipids and cholesterol - spherical vesicles with
a unilamellar or multivesicular lipid bilayer structure.

A FZU =

Unknown :

Chronic hepatotoxicity studies of NPs are needed.

Hepatotoxic effects caused by NPs have been
observed in recent studies but have not been linked
to liver disease, and the intrinsic mechanisms are
poorly elucidated.

The toxic effects in susceptible livers (e.g. NAFLD,
NASH, fibrosis, cirrhosis), and this issue has been
ignored in current studies.

21



Future Plans and Risks (Sustainability)

Towards more efficient combination of both therapy and diagnostics

FUTURE PLANS
« preparation of liposomes and lipid-based nanoparticles by on-chip technologies — vaccination constructs
(cooperation with Czech company BIOVETA)

« preparation of terminated nanodiamonds and magnetic nanoparticles as cores for various complex theranostic
nanosystems

cylinder = DNA helix PP

Early endosome . .

* Endolysasomal /' .

R Sse )
""’. 2 _/ Lysosome

(aurein)-K10-(aurein)
(“EE” sequence)

Endolysosomal
, escape § ¢

Prof. Nicholas

Stephanopoulos Ry N
Arizona State University,

United States

Early endosome
Lysosome

Frtds et al, Acta Biomater. 2022; 146: 10.
‘ o\ FZU ;{Zigélnwstﬁd‘/ Smolkova et al, ACS Appl. Mater. Interfaces 2021; 13: 46375.
ademie ve
> Ceské republiky
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Results RAS

Biomaterials and Biointerfaces
(Potocky)

2018 2019 2020 2021 2022 2023
RP4
w [t m v | e lwm vl v] o wm v nfm

WP1 Fabrication of soft and hard artificial substrai M4.17 : 1
2 WP2 Studies on cell cultivations on various surface morphologies/topographies| | :

wp3 : .

WP4

FTE | 0.63 2.50

N Z Fyzikalni dstav
o F U /-}kademie véd
) Ceské republiky 23
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1 Three-dimensional F-, H- and O- surface

 Experiments with monocultures of endothelial

U O

Progress Since the Start of the Project and Since the last ISAB

terminated diamond-coated reservoirs for cell
cultures.

and mesenchymal stem cells and their co-
culture.

Target — highly vascularized bone tissue.
The cell culture protocol (M4.20).

cells /em?

Number of HUVEC and hMSC in coculture on day 3

o -

100000

Proliferation
80000

- )
60000
colonization
40000 ]
' experiments

20000

Silicon NANO Porous D*

0

L.PS ILNCD_F lILNCD_H IV.NCD_O




Milestones and Deliverables

160
140
120 -
100
80
60 -
40 -
20 -

Newly formed bone thickness [ um ]

4 weeks 12 weeks
time after implantation

Diamond coated cortical screw
implant made of Ti6AI4V

Mortet et al, Carbon 2020; 168: 319.
Ondic et al, Nanoscale 2020; 12: 13055.
Stehlik et al, Carbon 2021; 171: 230.

Steinerova et al, Mater. Sci. Eng. C 2021; 121:111792
Bydzovska et al, Nanomaterials 2021; 11:2251
Kratka et al, Colloids Surf. B 2021: 204:111689

Nemcakova et al, Sci. Rep. 2022; 12:5264
Mortet et al, Diam. Relat. Mater. 2022; 124:108928
S. Stehlik et al, Diam. Relat. Mater. 2023; 134: 109754

Budil et al, Lett. Appl. Microbiol. 2022; 74:924
Budil et al, Appl. Spectrosc. 2023; 77:500
...work in progress...

New types of materials (M4.17)

Targeted manipulation, organized micro and
nano-structures (M4.18)

Study of interaction with modified surfaces,
cell culture studies (M4.19)

Concepts with osteogenic, epithelial and
stem cell cultures (M4.20)

v/
6/2023

25



Future Plans and Risks (Sustainability)

\P\’RESEARC&
YR s FHV A
A Continue and expand cooperation ( 5& 5 ﬂ Vorarlberg University Y
L A & of Applied Sciences S
within created cluster of RP4 and ‘ gy > X ;
A
Dr. Katarina Kozics A Prof. Fadi Dohnal
New project from 2023 Project starting in 7/2023
. . . . wg g i ( / ORTOPEDICKA KLINIKA FAKULTY ZDRAVOTNICKYCH STUDIT ) C
O Expanding international visibility SCIENGE AND TECHNOLOGY () 'ﬁ) S S s 2
. d v E
and cooperation | 8 ? c
pp Organic materials g N\  Orthopedics/implants H
\ i E
. A
Prof. Geunsik Lee A

MUDr. Tomas Novotny
Project submitted in 5/2023 Project to be submitted in 6/2023

Q Critical systematic review of i UNIVERSITYOF G
current state of the art Pl l EE{E&ZJL"J?""’ £ Project preparation
with the USA partner

A : : C —
(o\ Fyzikalni Gstav r |V|ICI’ObIO|Ogy I;I e e
A FZU = y , 26

Prof. Katerfina Demnerova A




Research Cooperation Network

Prof. Stephanopoulos, Arizona State University

Dr. Sullivan, ; ] .
University of Oslo Oslo University Hospital, Oslo, Norway

Prof. Strnad, University
Hosgital RWTH

Dr. Rahim,

Institute of Nano Electronic Engineering
Universiti Malaysia Perlis, Malaysia

Dr. Nelson,

Edinburgh University

I Prof. Jirsa, Institute for Clinical &

Experimental Medicine (IKEM),

Institute of Physics /> Burn medical center in Brno, Czech
Prague

Dr. Dempsey, Institut Neel, CNRS/UJF, Grenoble 7 \

Prof. Cubero, Complutense University of Madrid
Prof. Andrade, Biomedical Research Institute of

Malaga Dr. Innocenti, University of Florence

Republic

Dr. Schmid, ISAS, Technical University Wien,

Austria

N Fyzikalni dstav
o Akademie véd
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Outreach Activities

NANOSTRUKTURY DNA JAKO NOVE NOSICE PRO SUBCELULARNI CILENI

& science @ 2001002021 W@ Tiskové zpravy

Pii vystaveni DNA nanostruktur biologickym kapalinam dojde k jejich |]|]|J|]H|jf:|_|jEME
pokryti proteinovym obalem.

Cilené dorucovani l&Civ je pfedmé&tem zajmu védcl z celého svéta. K
této problematice nyni vyrazné prispéli | v&dci z Laboratofe biofyziky

pod vedenim Olega Lunova. Ti se zabyvali biologickymi vlastnostmi a
Gcinnosti transportu latek do bunék s pomoci DNA nanostruktur (DN). {ieské republika bude

. »
Ara "7 N % ~ :Vﬁ X N
| —— ¥ (;.f’ .
hi. ~ @ . lﬂ
Nékteré leky mohou poskozovat jatra. Védci
i L4 LS 1]
vy_vuejl model organu ke sledovani ,,4D BGIE\IJ:C‘I‘ S &I:I:IE_l:
mlkrOSkopem . 'y % M ACIENCE AND TECHROLOGY
ToSpeCtrve E_': ar Dirug-induced Liver Injury Metwor|

@ 22. fijen 2021 | Véda Plus

Nejvétsi audioportil na éeském internetu

Young Investigators
Seminar Series

3RD WEDNESDAY OF EACH
MONTH @16.30 PM (CEST)

28
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Long-term Sustainability and Top-quality Research

©

Interdisciplinary
platform

Boosting
international visibility

gain deep insights
in fundamental
mechanistic
understanding of
how selected
physical factors

With Prof. Job Dekker
(University of
Massachusetts Medical
School) applied for
The Human Frontier
Science Program

Collaborations with teams
having deep knowledge in

ISAB critics and comments drug/treatment

Prof Raul J. ANDRADE Biomedical Research Institute
of Malaga Spain

Prof M.Isabel LUCENA University of Malaga, Spain

N Fyzikalni ustav
o Akademie véd
> Ceské republiky

Prof Guruprasad AITHAL
Nottingham Digestive Diseases Centre UK

Developing novel
research directions

Liver organoids;
DNA nanostructures as
novel bionanomaterial;

Involvement of
students and young
researchers

Centrum Radius
Na dosah védomosti

Visiting PhD students for
internship or Short-Term
Scientific Missions

Conditions for
commercialisation of
research results

=

29
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Thank you!

Research program 4 — “Physics for
Bio”

cutting-edge physical research directed at biology
and medicine

The project Solid state physics for the 21st century — SOLID21 (Rl ’\K%F
CZ.02.1.01/0.0/0.0/16_019/0000760 is co-funded by the European Union. Operan( program Vyzkum, vjvoj a vzdélavanl 1STVO &

‘ N Institute of Physics s .
o U of the Czech DIVISIO'I'I
) Academy of Sciences of Optics
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