“Upconverting and magnetic nanoparticles for cancer therapy”

P. Kowalik!, D. Elbaum!, K. Fronc!, J. Mikulski!, A. Borodziuk!, I. Kaminskal, M. Szewczyk?3, K. Zajdel?, G. Gruzel°, P. C.

Morais®’, E. Mosiniewicz-Szablewskal, M. Pawlytal?, R. Minikayev!, T. Wojciechowski!, A. Sienkiewicz®?, M. Lapinski!?, P.

Stepien?3,11, W. Paszkowicz!, P. Grzaczkowskal4, M. Frontczak-Baniewicz?, P. E. de Souza®, R. Barbosa Nunes®, F. H. Veiga-
Souzal3, B. Sikoral

1 Institute of Physics, Polish Academy of Sciences, Aleja Lotnikow 32/46, PL- 02668 Warsaw, Poland: 2 Institute of Genetics and Biotechnology, Faculty of Biology UW, Pawinskiego 6a, Warsaw. Poland..

. Institute of Biochemistry and Biophysics PAS, Pawinskiego 5a, Warsaw: 4 Mossakowski Medical Research Centre PAS, Pawinskiego 5, Warsaw, Poland:

5 Institute of Nuclear Physics PAS, ul. Radzikowskiego 152, 31-342 Krakow , Poland: 6. Instituto de Fisica, Universidade de Brasilia, Brasilia DF 70919-970, Brazil; . .

7 College of Chemistry and Chemical Engineering, Anhui University, Hefer 230601, China; % Laboratory of Physics of Complex Matter, EPFL, Station 3, CH-1015 Lausanne, Switzerland ; *pkowallk@lfp all. edu . p].
9. ADSresonaces Sarl, CH-1028 Préverenges, Switzerland; 10. Department of Hypertension, Medical University of Warsaw, Banacha 1a,, 02-091 Warsaw, Poland;

1. Centre of New Technologies, ‘Ochota’ UW, S. Banacha 2c, Warsaw, Poland: 12. Institute of Engineering Materials and Biomaterials, Silesian University of Technology, ul. Konarskiego 184, Gliwice 44-100, Poland;

13. Faculty of Ceilandia, Universidade de Brasilia, Brasilia DF 70919-970, Brazil: '* Division of Biophysics, Institute of Experimental Physics UW, Zwirki 1 Wigury 93, Warsaw, Poland
SEM image of superparamagnetic Fe O,

Introduction The model of multifunctional opto-
magnetic nanoparticle as a anticancer
In our studies we optimize process of synthesis, characterization of agents. Luminescence
physical properties and potentially biological application of imaging
nanoconstructs based on optical and magnetic properties. First basic NIR

material is yttrium fluoride nanoparticles — NaYF, — doped by rare green luminescence

earth ions: Yb/Er and Yb/Tm, with upconverting properties (UCNPs).
The nanoparticles are capable to convert near-infrared (NIR) to visible
(VIS) and ultra-violet (UV) light. We functionalized the surface

of UCNPs by silicon oxide and by photosensitizer (PS) for

photodynamic therapy (PDT). In system,
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which can produce reactive oxygen species in aqueous — Molecular =4 ' _ '
environment and damage cancer cells. Second nanomaterial, which of temperature MR sygnal targeting 55 - Z%OOEBstater solution (3 mg/ml) I

we want to connect with upconverting part, i1s iron oxide with in AMF ]
superparamagnetic properties (SPION). In magnetic hyperthermia - MRI imaging .
therapy, under exposure to alternating magnetic field, the ]

nanoparticles start to increase the temperature (destroying R
the cells). The same nanoparticles can be used as a contrast
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agents In magnetic resonance imaging. Combination of both presented {:} drug UCNPs - upconversion nanophosphors NaYF ——woda
materials (UCNPs and SPIONs) in one SiO, shell will allow to create SPIONSs - superparamagnetic iron oxide nano4particles 30 - ——259kHz
multifunctional nanosystem with two independed anti-cancer therapies. | Fe.O, - —320 kHz |

. L . Antibody PDT — photodynamic therapy 5] 413 kHz [
Scanning and Transmission Electron Microscopy of MR — magnetic Resonance : ' , . :
B-NaYF,:20Yb,2%Er and B-NaYF,: 20%Yb,2%Er@SiO, nanoparticles AMI - alternating magnetic field ; PP -
posure time [min]
2 _ e Temperature measurement results of water solution Fe O,
| Nanoparticles inside breast cancer cells (4T1) nanoparticles under exposure by magnetic field (with

different frequency) during 30 minutes.
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Confocal image of 4T1 cells, A: after 6
hours Incubation with
NaYF,:20%Yb,2%Er@S10,—SPCD
nanoparticles, B: after 3 hours of
incubation with Fe;0,@PVMMA
nanoparticles. In both cases early
endosomes were stained with primary
anti-EEA1 rabbit antibody and secondary
goat anti-rabbit antibody conjugated with
AlexaFluor488 - highlighted 1n green
(excitation by CW laser with power
density: (A) 0.043 and (B) 0.027 W/um?2,
wavelength: 488 nm, detection 495-572
Clusters of UCNPs are shown in red (A; excitation by femtosecond nm). The blue colour indicates nuclei
laser, power density: 2.42 W/um?, wavelength: 980 nm; detection stained with Hoechst33258 (excitation by
500-730 nm). The SPIONs are shown on the image B in visible light =~ femtosecond laser, power density: (A) 0.46
transmission mode; inserts show only channels of NPs. and (B) 0.46 W/pm?, wavelength: 705 nm;
detection 425-475 nm).
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¢ A: The SEM image of B- NaYF
| 20%YDb,2%Er nanoparticles (1nsert
| shows histogram of nanoparticles size)

. B-NaYF,:20%YDb,2%Er nanoparticles.
~ The size of nanoparticles was near

used HAADF detector).
C: High resolution TEM 1image of
NaYF, Yb3*Ers*@SiO, nanocapsules

D: TEM image of NaYF,:20%Yb,2%Er@SiO,
nanocapsules.

E: EDX (energy dispersive X-ray
spectroscopy) mapping of the
e N 2 Y F,:20%YDb,2%Er@Si10, nanocapsules.

Cytotoxicity of Fe304 nanoparticles
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. ?ytOtOXIglty of Na YF4 ZO/OYb’ 2/0Er@8102 SPCD and. Cytotoxicity of Fe,0, nanoparticles at 4T1 cells line. Cells incubated in different periods of time (A and C) and
NaYF4' 20 /on,OZ ATm@SlOz- Pilot experiment of photodynamlc therapy different concentrations of nanoparticles (B and D). The viability of cells after treatment specified using two

with living cells independent commercial cytotoxicity assay: MTT (A and B) and PrestoBlue (C and D).
A PrestoBlue viabilit_y assay; NaY-F4:Yb,Er@I>'SiOZ-SPCD(lug/ml) B) MTT assay of 4T1 cells with .NaYF4:Yb,Tm@Si02 NPs COIICIHSIOnS
140 mevbatedwith AT e (24 and 48h of incubation] e 1. Yttrium sodium fluoride nanoparticles doped by rear-earth ions were synthetized with narrow
120 | = Control m Treated | 1 ,, 100 | size distribution (~20nm) and wide luminescence emission range (green-red and blue-red)
7100 | P depend of using doped ions.
> 80 T 2. The main advantage of using UCNPs is excitation light wavelength — near-infrered. The NIR
3 60 3 light can be wused for imaging of biological tissues without biological background
2 > a0 . . :
40 (autofluorescence) and relatively low level of cytotoxicity.
20 20 3. Therapeutic potential of thulium doped nanoparticles proved with experiment on living cancer
0 0 cells.
: . ey [hoﬁfs] = S - — . 4. Upconverting nanoparticles were functionalized by SiO, shell and photosensitizer (SPCD).
5. The NaYF, doped by rare earth ions nanoparticles have relatively low cytotoxicity level without
) excitation by NIR, checked by two kinds of viability assays. The Fe;O, nanoparticles have love
Toxicity of NaYF,:20%Yb,2%Er@SiO,—SPCD (A) and C) MIT 411 NaYE.:Yb,Im@S510; NPs cytotoxicity without exposure by magnetic field (without hyperthermia).

NaYF,:20%Yb,0.2%Tm@Si0, (B) made on 4T1
(breast cancer) cells incubated with nanoparticles in
the dark.

C) The results of 4T1 cells viability, incubated with
NaYF,:20%Yb,0.2% Tm@S10,. Cells were irradiated
by 980nm NIR laser for 10 minutes (1 minute of
Irradiation and 1 minute break — total irradiation
time 5 minutes) with 2W/cm? power density.

980nm (2W/cm?2) 6. Functionalized NaYF,:Yb,Er@SiO,-SPCD and Fe,O, coated by polymer (PVMMA) are capable to
| penetrate inside living cells.

Acknowledgements: The research was partially supported by the EU within European Regional Development Fund, through the grant Innovative Economy
(POIG.01.01.02-00-008/08), the project ,Development of the cluster center of biomedical engineering” implemented under Economy Operational Program
(project no. UDA-POIG.05.01.00-00), the grants of PNSC 2013/11/B/NZ1/00089, NN UMO-2013/08/A/ST3/00297, DEC-2012/07/B/ST5/02080 and DEC-
2014/15/D/ST5/02604. This work has been done in the NanoFun laboratories co-financed by the European Regional Development Fund within the
Innovation Economy Operational Program, the Project No. POIG.02.02.00-00-025/09/. This research was also co-financed by the Swiss National Science
Foundation through the Nano-Tera.ch Focused Project (NTF), ‘NanoUp’.

Viability [&]

i ECONOMY e aEEE B
g e A
Control 1 4 f -

NNNNNNNNNNNNNNNNNNNNNNNN

Concentration of nanoparticles [ug/ml]




