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ABSTRACT 

 
Photodynamic therapy (PDT) using aminolevulinic acid (ALA) relies upon the uptake of ALA into cancer cells, where it 
is converted into a porphyrin intermediate, protoporphyrin IX (PpIX) that is highly photosensitizing.  For large or 
resistant tumors, however, ALA/PDT is often not completely effective due to inadequate PpIX levels.  Therefore, new 
approaches to enhance the intracellular production of PpIX are sought.  Here, we describe a general approach to improve 
intracellular PpIX accumulation via manipulations that increase the expression of an enzyme, coproporphyrinogen 
oxidase (CPO), that is rate-determining for PpIX production. We show that nuclear hormones that promote terminal 
differentiation, e.g. vitamin D or androgens, can also increase the accumulation of PpIX and the amount of killing of the 
target cells upon exposure to light.  These hormones bind to intracellular hormone receptors that translocate to the 
nucleus, where they act as transcription factors to increase the expression of target genes.  We have found that several 
other transcription factors associated with terminal differentiation, including members of the CCAAT enhancer binding 
(C/EBP) family, and a homeobox protein named Hoxb13, are also capable of enhancing PpIX accumulation.  These 
latter transcription factors appear to interact directly with the CPO gene promoter, resulting in enhanced CPO 
transcriptional activity.  Our data in several different cell systems, including epithelial cells of the skin and prostate 
cancer cells, indicate that enhancement of CPO expression and PpIX accumulation represents a viable new approach 
toward improving the efficacy of ALA/PDT.   
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1.  INTRODUCTION 
 
Photodynamic therapy (PDT) using aminolevulinic acid (ALA), henceforth called ALA-PDT, has great potential for use 
as a treatment for malignancies, e.g. for epithelial cancers that line various body cavities (into which light can be 
directed via a light fiber), or for skin cancers that can be readily irradiated at the body surface.  PDT is defined as the 
combined action of a photoactivable compound (usually a porphyrin-based molecule), plus visible light in the presence 
of oxygen [1].  For ALA-PDT, an endogenous photosensitizer (protoporphyrin IX; PpIX) is produced within target cells 
by first exposing the cells or tissues to ALA, which is taken up and used to synthesize PpIX.  Thus, ALA acts as a pro-
drug. The approach works because the first committed precursor molecule in the heme synthetic pathway is ALA, and if 
administered to cells, will induce excess heme synthetic activity [2].  Porphyrins, mainly protoporphyrin IX (PpIX), 
accumulate within the cells, which then become photosensitive [3;4].  ALA-PDT differs from other forms of PDT in 
which a photosensitizer is administered exogenously, because for ALA-PDT an endogenous cellular synthetic apparatus 
must be active to produce the photosensitizing intermediate (PpIX).  PpIX is a very late product in the pathway, close to 
heme itself. Under normal physiological conditions, overall heme production is regulated via negative feedback control, 
in which free heme inhibits the first step in the pathway, ALA synthase (ALAS).  Adding large amounts of ALA 
bypasses this first regulatory step, allowing large amounts of porphyrins, including PpIX, to accumulate.  (For a 
schematic of the pathway, see Fig. 1). 
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