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ABSTRACT

During ALA-based photodynamic therapy (PDT), a pro-drug (aminolevulinic acid; ALA) is taken up by tumor cells and
metabolically converted to a photosensitizing intermediate (protoporphyrin IX; PpIX). ALA-based PDT, while an
emerging treatment modality, remains suboptimal for most cancers (e.g. squamous cell carcinoma of the skin). Many
treatment failures may be largely due to insufficient conversion of ALA to PpIX within cells. We discovered a novel
way to increase the conversion of ALA to PpIX, by administering agents that can drive terminal differentiation (i.e.,
accelerate cellular maturation). Terminally-differentiated epithelial cells show higher levels of intracellular PpIX,
apparently via increased levels of a rate-limiting enzyme, coproporphyrinogen oxidase (CPO). To study these
mechanisms in a three-dimensional tissue, we developed an organotypic model that mimics true epidermal physiology in
a majority of respects. A line of rat epidermal keratinocytes (REKs), when grown in raft cultures, displays all the
features of a fully-differentiated epidermis. Addition of ALA to the culture medium results in ALA uptake and PpIX
synthesis, with subsequent death of keratinocytes upon exposure to blue light. Using this model, we can manipulate
cellular differentiation via three different approaches. (1) Vitamin D, a hormone that enhances keratinocyte
differentiation; (2) Hoxbl3, a nuclear transcription factor that affects the genetically-controlled differentiation program
of stratifying cells (3) Hyaluronan, an abundant extracellular matrix molecule that regulates epidermal differentiation.
Because the raft cultures contain only a single cell type (no blood, fibroblasts, etc.) the effects of terminal differentiation
upon CPO, PpIX, and keratinocyte cell death can be specifically defined.
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1. INTRODUCTION

Here we describe our initial studies aimed at applying a newly-developed organotypic model of the epidermis (skin
keratinocytes grown in 3-dimensional cultures) toward achieving an improved understanding of photodynamic therapy
(PDT) using aminolevulinic acid (ALA). This treatment, caused henceforth ALA-PDT, is of current interest for its
potential use in the treatment of a number of malignancies including epithelial cancers of the skin and prostate. In 1998
Ortel et al. "' made the seminal discovery that a variety of epithelial cell types, when induced to undergo growth arrest
and terminal differentiation, became more susceptible to ALA-PDT via an increased accumulation of the endogenous
photosensitizer (protoporphryin IX, PpIX) within the cells. To better understand the molecular mechanisms underlying
this PpIX accumulation, cultures of skin keratinocytes provide an attractive model. Keratinocytes undergo a well-
defined program of terminal differentiation that involves changes in expression of a set of differentiation-associated gene
markers, accompanied by upward migration of cells, and ultimately the transformation of these cells into the cornified
layer (stratum corneum). However, traditional keratinocyte cultures have several shortcomings. In the typical
monolayer culture, many cells fail to differentiate fully. They apparently lack a number of spatial clues and local growth
factors present in the normal three-dimensional environment, which are required for normal epidermal differentiation.
To circumvent the shortcomings of monolayer cultures we have adopted a powerful organotypic epidermal model,
developed by MacCallum and coworkers 1%/, to the problem of understanding the link between cellular
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