Neutron capture therapy

with the help of magnetic nanoparticles

Cancer is one of the leading causes of death
worldwide, accounting for nearly 10 million deaths
in 2020. Standard cancer treatments cause severe
side effects. To improve the efficacy and selectivity
of treatment, new delivery agents should be inves-
tigated. The present project focuses on the design,
physical and biological characterisation of nanocar-
riers for potential applications in Neutron Capture
Therapy (NCT) and Boron Neutron Capture Therapy
(BNCT). The interdisciplinary approach taken to de-
velop the research programme is expected to con-
tribute to the development of nanoplatforms for
NCT, enhancing the performance of current delivery
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agents for NCT. The final aim of this project is to cre-
ate novel NCT and agents with improved cancer
therapeutic efficacy that can be successfully trans-
lated into preclinical studies.

Magnetic nanoparticles have important appli-
cations in pharmacy and oncology diagnostics.
What is more, drug carriers based on magnetic
nanoparticles show the potential to improve trans-
port and selective concentration of the required
amount of drug at target sites using an external
magnetic field. The application of magnetic nano-
particles in NCT treatment shows many advantages
as there are no drug release problems compared to
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NUHHOBaUuUu gnsa HepITpOH-3aXBaTHOV1 Teparimm

OHkonoruyeckme 3aboneBaHuA ABRAOTCA
O[HOW N3 OCHOBHbIX MPUYNH CMEPTUN BO BCEM MUPE
(Ha 2020 r. 10 munnnoHoB cmepTel 3a rog). Ctan-
JapTHble MeToAbl IeYeHUsA paKa Bbi3blBalOT Cepbes-
Hble NobouHble 3¢ deKTbl. 1151 NoBbIleHWA dbdek-
TUBHOCTW 1 CENEKTUBHOCTN NeyeHnsa Heobxoanmo
nccnepoBaTbh HOBble CpeACcTBa AOCTaBKU. HacTos-
Wwure nccnepoBaHusa cPoKyCcMpoBaHbl Ha paspa-
60TKe 1 onpegeneHun Gusnyecknx n bruonormye-
CKUX XapaKTepUCTMK HAHOHOCHTENEeN AnA NoTeHUU-
anbHOro NPYMeHeHUsA B HENTPOH-3axBaTHOM Tepa-
num (NCT), B TOM umncre 60p-HENTPOH-3aXxBaTHOM
Tepanun (BNCT). Oxkngaetca, 4To MeXgnUCUunim-
HapHbI NOAX0A B AaHHOW 06/1aCTV MO3BOMUT CylLe-
CTBEHHO NPOABUHYTLCA B pa3paboTKe HaHoMIAT-
dopm ana NCT, nosbicnB 3dEeKTUBHOCTL Cylle-
CTBYIOLLMX areHTOB AOCTaBKW. KOHeYHoM Lesbio pa-

60Tbl aBnaeTca co3gaHme HoBbiX NCT areHToB ¢
YNyYLleHHOW TepaneBTUYecKon 3pHeKTUBHOCTbIO
MPOTUB paka, KOTopble MOTyT 6bITb YCMEeLHOo nepe-
BeAeHbI B KNacC npenapaToB ANa QOKINHNYECKMX
nccnegoBaHuUM.

MarHuTHble HAHOYaCTULbl UMEIOT BaXKHOE Mpu-
MeHeHue B papMaLieBTMKe 1 AUArHOCTHKE OHKOJIO-
rmyeckmx 3abonesaHuin. bonee Toro, Hocutenu ne-
KapCTB Ha OCHOBE MarHMUTHbIX HAHOYACTUL, UMELOT
onpepeneHHbIV NoTeHUMan Ans ynyJlleHns JoCTaB-
KW NIeKapCTBEHHbIX CPeACTB NOCPeaCcTBOM KOHLEHT-
pPUPOBaHMA B OMYXO0JAX C MOMOLLbIO BHELLHWX Mar-
HUTHbIX nonei. MpumeHeHe MarHUTHbBIX HAaHOYa-
CTUL, B HENTPOH-3axBaTHON Tepanun NokasbiBaeT
MHOTO MPENMYLLECTB, MOCKOJIbKY OTCYTCTBYHIOT NPO-
611eMbl C BbICBOOOXKAEHMEM JIEKAPCTB MO CpaBHe-
HUIO C APYTrMY CMCTEeMaMK AOCTaBKW. [1na nccne-
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other drug delivery systems. Thus, the concept is
particularly practical for NCT application. In thepro-
ject, superparamagnetic Fe;0, nanoparticles (NPs)
were used for further modification to obtain core-
shell structures. The first group of particles was
modified with tetraethoxysilane (TEOS) and 3-
(trimethoxysilyl) propyl methacrylate (TMSPM), to
create C = Cdouble bonds for further graft polymer-
ization of biocompatible glycidyl methacrylate
(GMA). Isopropyl-o-carborane was successfully im-
mobilized on prepared NPs for potential application
in boron neutron capture therapy of cancer (BNCT).
The second group of nanoparticles was obtained by
simultaneous immobilization of gadolinium and
boron-based NCT agents onto Fe;O, nanoparticles

via moderate and bio-compatible polyelectrolyte
poly(acrylic acid) (PAA)/poly(allylamine) (PALAm)
formation as presented in Fig. 1.

A wide range of techniques were used to
measure the properties of the obtained core-shell
structures, including microscopy and spectroscopy
methods (SEM, TEM, SANS, DLS, X-ray diffraction,
Mdssbauer spectroscopy).

To understand and predict the behavior of the
studied core-shell structures in the human body, bi-
ological studies of their interaction with DNA were
conducted. The detected low cytotoxicity against
healthy cells and a clearly higher toxic effect against
cancer cells inspire some optimism about the use
of these carriers in cancer therapy.

Fig. 2. PC-3cells incubated with different concentrations of nanoparticles.

Puc. 2. Knetku PC-3, nHKy6UpoBaHHbIe B pacTBOPaXx C Pa3fiMyHbIMV KOHLIEHTPaLMAMN HaHOYaCTUL,.

poBaHun B JIHO ncnonb3oBanucb cynepnapamar-
HWUTHble HaHoYacTULbl MarHeTuTa (Fe;0,), KoTopble
MOANOULIMPOBANMCDH C LieNblo MONyYeHNA CTPYKTYP
TMNa «sgpo-obosiovukax. NepBaa rpynna yactmy
6bina  MOAUPUUMPOBAHA TETPASTOKCUCKIAHOM
(TEOS) n 3- (TpumeToKCMCUAA) NPONUIIMETaKpUa-
ToMm (TMSPM) ans co3paHua aBonHbix cBasen C=C
W JanbHerwern NpuBUTON NonMMepmr3saumm 61moco-
BMeCTUMOro rmmymgunnmetakpunata (GMA). 3o-
nponun-o-kap6opaH 6bin ycnewHo MMMo6unn3o-
BaH Ha NOAroTOBJIEHHbIE HAHOYACTULbI A/1A MOTEH-
LManbHOro NpumMeHeHna B 6op-HeNTPOH-3a- XBaT-
Hon Tepanuu (BNCT) paka. Bropas rpynna HaHOua-
cTuL Obina nonyyeHa NyTeM OfHOBPEMEHHOWN UM-
Mobunmsayum NCT-areHTOB Ha OCHOBE rafloNNHNA
n 6opa Ha HaHouvacTuubl Fe304 nocpeacTeom 06-
pa3oBaHWA yMePEHHOro 1 GIOCOBMECTMOTO C/10A

nonuanekTponuta nonu(akpunosas kucnota) (PAA)/
nonu(annunammn) (PALAmM), Kak noka3saHo Ha puc. 1.

Ana namepeHna CBONCTB NOAYYEHHbIX CTPYK-
Typ Tvna «Afpo-0605104Ka» NCMNOoJb30BacaA LWNPO-
KNI CNEKTP METOA0B, BKOYaA METO bl MUKPOCKO-
nun n cnektpockonuu (SEM, TEM, SANS, DLS, peHT-
reHoBcKadA gndpakumsa, MeccbayspoBCKas CNeKTpo-
ckonwus).

[nAa NoHMMaHKA 1 NPOrHO3MPOBaHMWA NoBee-
HUA NCcnepyeMbixX CTPYKTYP B OpraHv3Me YyenoBeka
6bIn1 NpoBeAeHbl bronornyeckre nccieqoBaHmaA
nx B3aumogencteua c IHK. O6Hapy»keHHasA HM13KanA
LUTOTOKCMYHOCTb B OTHOLUEHUM 300POBbIX KNETOK
1 ABHO 6osee BbICOKUIN TOKCUYeCKnii 3pdeKT B OT-
HOLLEHNN PAKOBbIX KNIETOK BHYLLIAIOT onpefeneH-
HbIl ONTMMW3M 718 UCMONb30BaHUA AaHHbIX HOCU-
Tenewn B Tepanmax OHKONOTMYECKNX OMyXonen.
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