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Targeted sonocatalytic cancer cell injury using avidin-conjugated titanium dioxide n
anoparticles
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In this study, we applied sonodynamic therapy to cancer cells based on the deliver
y of titanium dioxide (Ti02) nanoparticles (NPs) modified with avidin protein, which preferentially discri
minated cancerous cells from healthy cells. Subsequently, hydroxyl radicals were generated from the TiO2 N
Ps after activation by external ultrasound irradiation (Ti02/US treatment). Although 30% of the normal bre
ast cells (human mammary epithelial cells) exhibited the uptake of avidin-modified TiO2 NPs, over 80% of t
he breast cancer cells (MCF-7) exhibited the uptake of avidin-TiO2 NPs. Next the effect of the Ti02/US tre
atment on MCF-7 cell growth was examined for up to 96 h after 1-MHz ultrasound was applied (0.1 W/cm2, 30
s) to cells that incorporated the Ti0O2 NPs. No apparent cell injury was observed until 24 h after the trea
tment, but the viable cell concentration declined to 68% compared with the control at 96 h.
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Fig. 1 Schematic drawing of TiO2/U.S.
method.
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Fig. 2 Schematic drawing of mechanism of

this study.
@
MCF-7
HMEC
&)
Ti02 pH 6.1
pH 7.5
Ti02
Ti02
PAA Ti02
PAA Ti02
Ti02 PAA Ti02
Ti02 250 nm
A3) Ti02
Ti02
PAA Ti02
avi-Ti02 0.4 M EDC
0.25mL 0.1 MNHS 0.25mL
1.5 wth PAA Ti02 2.5 mL

PD-10 EDC /
NHS PAATiO2 20 mM HEPES 3.5
mL 2 mg/mL
2.5 mL 4h
0.1 M
1nm
30 min

avi-Ti02
Bradford
Bradford
CBB
465 nm
595 nm

(4) avi-Ti02

flu/avi-Ti02

50 nmol/mL
avi-Ti02

flu/avi-Ti02
biotin-fluorescein
5 mL

1mL

biotin-fluorescein

MCF-7 HMEC 40 mm
4x 105 cells 2
5% 104 cells 4 days
1.5wth Flu/avi-TiO2 200
ML 37 5 % C02 1h

dish
days

PBS(-) 3

®

Ti02 Ti02/U.S.

MCF-7
1 day
200 p L

40 mm dish 4
x 105 cells
1.5 wt% avi-Ti02
37 5% C02 1h
PBS(-) 3
2mL
0.1 W/ cm2 30s

1 MHz
50 % Duty

37 5%
C02
Trypan blue

Ti02
avi-Ti02

o



Fig. 3
avi-Ti02
avi-Ti02
Ti02
avi-Ti02

Ti02
2150

(A)residual liquid (B) filtrate
(C) st wash filtrate solution

(D) 2nd wash filtrate solution
(E) 3rd wash filtrate solution

Amount of avidin [mg]

0 re— re—
(A) (B) (C) (D) (E)

Fig. 3 Amount of
ultrafiltration

(2) avi-Ti02

flu/avi-Ti02  MCF-7  HMEC

MCF-7 HVEC

Fig.4 Fig.5
flu/avi-Ti02

MCF-7 HMEC
flu/avi-Ti02
flu/avi-Ti02
flu/avi-Ti02(-)

flu/avi-Ti02

Fig. 4 MCF-7 82.4 % Fig. 5
HMEC 46.8 %
MCF-7 HMEC flu/avi-Tio2

avi-Ti02

..... flu/avi-TiO, (-)
— flu/avi-TiO, (+)

50 |
W 82.4 %
@
S,
=
5
L
£
=0
c
3
(@]
A
10- 10° 10 102 10°

Fluorescence intensity, F [-]

Fig. 4 Flow cytometry assay for the binding
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Fig. 5 Flow cytometry assay for the binding
offlu/avi-Ti02 with HVMEC cells
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Fig. 6 Effect of Ti02/U.S. method
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