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Recently, photodynamic diagnosis (PDD) is being increasingly used. PDD can discriminate
between normal organization and malignant lesion without surgical removal. 5-Aminolevulinic
acid (5-ALA) is an endogenous amino acid and a natural precursor of the heme pathway. In cancer
cells, increased activity of porphobilinogen deaminase and decreased activity of ferrochelatase
cause the intracellular accumulation of protoporphyrin IX (PpIX). When PpIX, which is a
fluorescent agent, is excited by 405-nm light, a fluorescence spectrum with 635-nm peak is emitted.
Various cancer diagnostic methods using the properties of 5-ALA have been reported. Because the
visible light has low light permeability of the light, the cancer diagnosis of the deep part is difficult.

Lanthanide nanoparticles (LNPs) are nanoparticles synthesized from rare earth ions. LNPs can
exhibit upconversion luminescent property. In a typical upconversion process of LNPs, LNPs emit
red light (655nm), green light (545nm), blue light (520nm) by 980nm near-infrared (NIR) light
excitation. Comparing to organic fluorophores, LNPs have many advantages, such as high
penetrativity of NIR excitation light, non-photobleaching and non-photoblinking properties.
Additionally LNPs have no toxicity itself.

LNPs by NIR irradiation emits the light that can excite PpIX. We investigated whether the
deeply-placed cancer can be observed by using 5-ALA and LNPs combination.

These methods include two problems. The first problem is that the wavelengths of red
luminescence of LNP and the fluorescence of PpIX are very close. We used a band pass filter to
separate luminescence of LNP and the fluorescence of PpIX. By this method, the intensity of
fluorescence lowered, but,by using the high sensitive camera, EMCCD, we separated the
fluorescence of PpIX and were able to observe it.

Then, it became the new problem that a quantum yield of the LNP luminescence was low.
Conventionally, tumor tissues accumulate LNP by the enhanced permeability and retention (EPR)
effect. LNP accumulated around a cancer cell when we used CEA antibody-binding LNP. In
addition, a selective delivery to gastric cancer cells, was accomplished by using epidermal growth
factor (EGF) protein a ligand molecule. For macrophage RAW264.7, which easily-accumulates
near cancer cells, and HeLa cells, it is recognized that the cheap monosaccharides such as glucose
or the sialic acid have a remarkable delivery effect. The attempts to improve the LNP delivery
effect by lengthening the spacer between LNP and glucose, etc., ended in failure this year.
Improvement of the delivery by making the size of LNP smaller has not been well examined yet.

Then, we devised the dosage method. Conventionally, the administration of LNP was only a
single time, but decided to give it twice. In addition, we prevented burn injury and improve
diagnostic ability by performing irradiation of NIR by multidirectional irradiation and using pulse
laser. As a result, the observation of the deep part cancer tissues was enabled.

This study was the result of observation of a part of the PpIX fluorescence at 640nm. We can
expect a better result than that of this examination by suppressing the red luminescence of LNP or
extinguishing it. It is possible to lower the red luminescence of LNP theoretically and thus it is
examined now. In addition, the evaluation about the toxicity test was insufficient and will add
examination in future.

It is thought that we can improve PDD efficiency to a practical level by cancer accumulation
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characteristics of LNP and synergy of the improvement of the image processing technology as

things mentioned above.
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