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Photodynamic therapy (PDT) is a promising new treatment for cancer that has been
recently accepted in the clinic. PDT involves the localization of a light-sensitive drug in the
target tissue prior to illumination using an appropriate wavelength. Exposure of tissue
containing a sufficient concentration of photosensitizer to irradiation of adequate wavelengths
initiates photodynamic activation to generate single oxygen free radicals and other reactive
species, causing cellular damage and tissue necrosis. It is a procedure having the potential to
selectively destroy malignant tissues without causing serious damage to the adjacent normal
structures if light dosimetry can be delivered with care. PCI is a novel method that can release
macromolecules from endocytic vesicles by introducing photochemical damage to the
membranes of these vesicles.

In this project, the effects of PCI combine with hyperthermia on cellular uptake or
endocytosis will be studied by PAMAM-FITC monitoring.
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PAMAM dendrimers are a new class of highly branched spherical polymers that had been
successfully employed as a substrate for the attachment of antibodies, contrast agents, and
radiopharmaceuticals for applications in a number of different areas of biology and medicine.
Photochemical internalisation (PCI) is a novel technique using the principle of photodynamic
therapy (PDT) for releasing large, biologically active molecules at specific sites in living tissue.
Hyperthermia may be another approach to enhance the endocytosis of the tumor cells.

In this study, we studied if endocytosis cnould be enhaced by PCI or by hyperthermia. We
believe this study could possess big impact on the combined modality for clinical cancer



treatment.

Nanotechnology has developed to a stage that makes it possible to produce, characterize and
specifically tailor the functional properties of nanomaterials for clinical applicationsin recent
years. Dendritic polymers (dendrimers) are anovel class of nanomolecules, distinguished from
linear and randomly branched polymers by the inclusion of precisely one branch point per repeat
unit’. PAMAM dendrimers are anew class of highly branched spherical polymers that are highly
soluble in agueous solution and have a unique surface of primary amino groups®*. The defined
structure and large number of surface amino groups of PAMAM dendrimers have led these
polymersto be employed as a substrate for the attachment of antibodies, contrast agents, and
radiopharmaceuticals for applications in a number of different areas of biology and medicine™®.
Furthermore, the evidences of antibody/dendrimer conjugates in previousin vitro and in vivo
studies have been shown to be nontoxic to the animals and are able to target biologic agents to
specific cells*®.

Photochemical internalisation (PCI) is a novel technique using the principle of photodynamic
therapy (PDT) for releasing large, biologically active molecules at specific sitesin living tissue. It
is known that most membrane-impermeable macromolecules are taken up by cells through the
process of endocytosis.” In some cases, the endocytosed macromolecules then stay confined
within the cell in organelles such as endosomes and lysosomes until they are degraded by
hydrolytic enzymes located in these organelles, so they never get released into the cytosol of the
cells. The concept of PCI is to break down these organelles to release much greater amounts of
the introduced molecules into regions of the cell where they can become biologically active.®*°
Some PDT photosensitisers, like aluminium disulphonated phthal ocyanine (AIPcS,,) localise on
the membranes of these organelles and when activated by exposure to light of an appropriate
wavelength (670-675nm for AIPCS,,), break down these membranes, so releasing the
macromolecules®™®  Hyperthermiais heat treatment for medical application. The temperature of
the tissue is elevated artificially with the aim of receiving therapeutic benefits. But if the
hyperthermia could enhance the endocytosis of tumor cellsis not clear.

Therefore, the PAMAM dendrimer was choose as amodel of drug nanocarrier in this study and
the effects of PCI and hyperthermia on cellular endocytosis was investigated.

Cdll line: Ca9-22

Hyperthermia— 39, 41, 43

PAMAM-FITC final conc.:13.5ug/ml
Fluorescence microscopy and flow cytometer

Fig. 1 shows that the cellular uptake of PAMAM dendrimer by hyperthermia treatment in
Ca9-22 cells by flow cytometric monitoring. It is obvious that the cellular uptake of



PAMAM-FITC was inhibited at 43  and there are no apparent different of cellular uptake with

heat treatment below 41 for short term monitoringu.l aTfhe
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For PCI treatment, the uptake of PAMAM-FITC was enhanced at 30 min monitoring, but

that was similar to the observation without PCI at 3h (Fig. 4). The fluorescence intensity was aso

quantified by flow cytometer (data not shown).

1. The cdlular uptake of PAMAM-FITC was inhibited for short term thermal trestment but
could be enhanced by long term treatment.

2. PCI approach could enhance the uptake of PAMAM-FITC and that could be supported by our
observation by fluorescence microscopy and flow cytometer. .

The changed uptake of PAMAM-FITC with thermal treatment could be considered the thermal
effect of endocytosis. The enhanced uptake of PAMAM-FITC may be due to the cellular
membrane acutely destroyed by PCI approach and that could be repaired. Therefore, the detail
mechanism of PCI effect on cellular uptake (or endocytosis) needs to be investigated.
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