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I ntroduction

Protoporphyrin 1X (PplIX) is excessively accumulatedumor cells compared with
normal cells. This phenomenon is related to theegaly increased activity of most
enzymes and decreased activity of ferrochelatake. accumulation of PplX in the
mitochondria causes direct cell death after lightadiation. In this study, we
investigated the mechanism of ALA-induced PplX awalation and
ALA-PDT-induced cell death in PC-3 cells.

Materials and M ethods

1. PplX accumulation and PDT

PC-3 cell line derived from a poorly differentiatbtdman adenocarcinoma. PC-3
cells were maintained in Dulbecco’s modified Eagleledium (DMEM) supplemented
with 10% FBS. To induce PplIX accumulation, PC-3lxcél X 10 cells/ml) were
cultured overnight. For ALA-PDT, the cells were egpd for 10 min. As a light source,
a Na-Li lamp (TheraBeam, VR630, USHIO Inc.) wasduséhe wavelength of light was
600-700 nm, preferentially 630-670 nm. A power dignsf 20-65 mW/cm could be
attained and 29 mW/chwas used in most experiments.

2. Flow cytometric analysis

The accumulated PpIX content was measured by figonoetry with a FACScan
apparatus (Becton Dickinson, San Jose, CA). Fleere= intensity of the cells was
recorded and represented the relative intracelllPgiX content. Fluorescence
isothiocyanate (FITC)-annexin V/PI double stainiwgs used in the flow cytometric
detection of apoptosis and necrosis. Mitochondeaevselectively stained with JC-1 or
TMRE for detection of mitochondrial membrane point

3. Assay for caspase-like activity

Caspase-3 activity was determined in 20 mM HEPE®&b(pH7.5) containing 0.1
mM NaCl and 5 mM DTT at 3T using 1uM Ac-DEVD-AFC (acetyl-L-aspartyl-L
-glutamyl-L-valyl-L-aspartic acid alpha-(7-amidotdfuoromethyl-coumarin)) as a
substrate. The fluorescence of released AFC wasured using a fluorescence plate
reader with excitation and emission wavelength35&f and 460 nm, respectively.

4. ALA-mediated PDD and PDT in vivo

Animal experiments were conducted in accordancé tie institutional guidelines
and regulations and reviewed by the animal experiraed welfare committee of Kochi
medical school. Each BALB/c nu/nu mice was injected the dorsal region
subcutaneously with 2x2®C-3 cells suspended in 100of DMEM.
In pathological analysis, we analyzed cell death ibynunohistochemistry for
single-stranded DNA (ssDNA) to detect the degereréissue and measured the range
of degenerated lesion in the tumor. The apoptotiés were counted in areas with
high frequency under 10 high-power fields. Morenth@00 tumor cells were counted to
calculate the apoptosis index (Al) from these araad the Al values are expressed as
percentage of ssSDNA-positive cells.



Results

1. Increasein accumulated intracellular Ppl X level by inhibition of ferrochelatase
in ALA-treated PC-3 cells

Both an iron chelator, deferoxamine, and a NO g&per NOC-18, significantly
increased the level of PpIX even in the presenaeloWv concentration of ALA, such as
0.1 or 0.25 mM.

2. Effect of PDT on the cell death of ALA-treated PC-3 cells

The results of analysis of PDT-induced PS extexatibn and Pl stainability
suggested that PDT induced cell death by both secrand apoptosis. After
photodynamic treatment, the cells were damaged meverely by ALA-PDT plus
treatment with deferoxamine or NOC-18 than ALA-PRIbne. Deferoxamine and
NOC-18 significantly increased the PDT-induced defith. The levels of mitochondrial
membrane potential decreased in parallel with emxd cell death in PC-3 cells after
ALA-PDT in a time-dependent manner. Furthermore,dkpolarization was stimulated
by the inhibition of ferrochelatase activity evedteaincubation with 0.1 mM ALA.

3. ALA-PDT increasesthe activity of caspase-like enzyme

The caspase-3 activation was time-dependent andingasased by the treatment
with deferoxamine and NOC-18. However, activatibithe enzyme by ALA-PDT was
not significantly increased. The inhibition of casp-3 activation by z-VAD-fmk did
not attenuate the ALA-PDT-induced cell death andnim@ne depolarization of PC-3
cells.

4. Effect of ALA-mediated PDT on prostate cancer cellsin vivo

In the pathological analysis, the degeneration eserved within a broader range in
the therapeutic group than in the control groupweler, the promoting effect of
ALA-PDT by deferoxamine was not significant. Theras a significant difference in Al
between the control group and the ALA/PDT grouptloe ALA/DFX/PDT group.
However, there was no significant difference inb&tween the ALA/PDT group and the
ALA/DFX/PDT group.

Discussion

ALA is a naturally occurring metabolite that is eegursor of porphyrin in heme
biosynthesis. Exogenous ALA leads to the accunmaratif the potent photosensitizer
PplX in mitochondria. The mechanism of ALA-PDT-irwehd cell death by inhibition of
ferrochelatase revealed that ALA-PDT-induced celitl led to apoptosis and necrosis.
Caspase-3-like activity was not significant andaa-paspase inhibitor, z-VAD-fmk, did
not attenuate cell death and membrane depolanzafithese results suggest that
ALA-PDT induced not only necrosis (partially depenton membrane depolarization)
but also apoptosis that might have occurred viaspase-independent mitochondrial
pathway. We could demonstrate a weak but significeytoreductive effect of
ALA-PDT and a small promoting effect of ALA-PDT ldeferoxamine in PC-3 celia
vivo. From the results of our present study, we coreludat ALA-mediated
accumulation and distribution of PpIX are strongdgulated by heme synthesis system
and hence we can achieve clinically favorable tedw using ferrochelatase inhibitors.



