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Enhanced fluorescence diagnostic method using_inorganic nanoparticles and its
application for diagnosis of non muscle invasive bladder cancer
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We demonstrated that the “ fluorescence enhancement effect” using the light

scattering properties of titanium dioxide (Ti0O2) to improve the strength and resilience of
fluorescence in photodynamic diagnosis (PDD). Using 5-aminolevulinic acid (ALA) as a model PDD
agent, we performed validation studies on the fluorescence enhancement effect of a mixture of
polyethylene glycol-modified Ti02 nanoparticles (Ti02-PEG NPs) and protoporphyrin IX (PpIX) which is
fluorescent metabolite of ALA, analysis of cellular-uptake of Ti02-PEG NPs by bladder cancer cells,
and the fluorescence enhancement effect on bladder cancer cells by the combined administration of
Ti02-PEG NPs and ALA. The results showed that the combined administration could enhance and prolong
fluorescence in bladder cancer cells, similar to in the mixture alone. It was su%gested that the
enhancement was related to the accumulation of the NPs in cells, causing this effect. The method
could be applicable for PDD.
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Figure 1. Spectrum intensity of the TiO2-PEG NPs and PpIX mixture solution
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Figure 2. Time course of fluorescence intensity while irradiation to mixture solution
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(i) ALA treatment only

Figure 3. Fluorescence microscopic imaging of UMUC3 cells at 630x magnification, administration of ALA only ((i), upper),
combined administration of TiO2-PEG NPs and ALA at 2 hours of NPs treated time ((ii), lower)
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Figure 4. Evaluation of fluorescence ratio to administration of ALA only on treatment time of TiO2-PEG NPs

300 @y
O NPs after ALA
- treatment
.E 250 O —
= + + ALA treatment
c
H O only
.‘E‘ 200 o = |
g
-+
g 150 +—O
o
S o}
Z 100
50
0 30 60 90

Irradiation time [s]
Figure 5. Time course of fluorescence intensity while irradiation onto cells
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Figure 6. Fluorescence microscopic imaging of UMUC3 cells at 30 min after administration of fluorescence labeled TiO2-PEG NPs:
blue indicated nucleus, green indicated of fluorescence labeled TiO2-PEG NPs  at 100x magnification
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Figure 7. Intracellular concentration of TiO2-PEG NPs (n=3, error bar mean+SD)

100 1000 pg/mL
(Fig. 7) 1000 pg/mL
ALA PpIX
TiO2-PEG
ALA PpIX
PDD
TiO2-PEG

PDD ALA

3

[1] Q Sun, K Kanehira, A Taniguchi “PEGylated TiO2 nanoparticles mediated
inhibition of cell migration via integrin beta 1” Science and technology of advanced materials 19 (1), 271-
281, 2018



[2] Q Sun, T Ishii, K Kanehira, T Sato, A Taniguchi “Uniform TiO 2 nanoparticles induce apoptosis in
epithelial cell lines in a size-dependent manner” Biomaterials science 5 (5), 1014-1021, 2017

[3] K Kanehira, Y Yano, H Hasumi, H Fukuhara, K Inoue, K Hanazaki, M Yao “Fluorescence Enhanced Effect
by TiO2 Nanoparticles and its Application for Photodynamic Diagnosis” (submitted to International
Journal of Molecular Sciences)

0

2017-137499
29 7 14
2

2018-132443
30 7 12
2017-137499

¢y

@

Masahiro YAO Hisashi HASUMI



