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Abstract. Photodynamic therapy (PDT) has been developed
as an effective treatment for malignant disease. Carboplatin
(CBDCA), a less nephrotoxic analog of cisdiamminedichloro-
platinum (cisplatin), has been widely used for the treatment
of multiple malignancies. In this study, we investigated
the cytotoxic and apoptotic effect of combined modality of
9-hydroxypheophorbide a (9-HPbD)-mediated PDT and
CBDCA on AMC-HN-3 human head and neck cancer cell
line in vitro. The attached AMC-HN-3 cells were incubated
with CBDCA (0.04 mg/ml) for 24 h at 37°C and followed by
photosensitization with 9-HPbD for 6 h and laser irradiation
with 670 nm diode laser at an intensity of 2.0 J/cm? for
activating 9-HPbD for 15 min. Then MTT reduction assay and
Hoechst 33342 and propidium iodide (PI) double staining
were used respectively to measure the cytotoxicity and
nuclear morphology at 24 h after PDT. Expression of caspase-3,
-9 and poly(ADP-ribose) polymerase (PARP) was detected at
0, 3, 6 and 12 h after irradiation through Western blotting
techniques. Compared with PDT and CBDCA alone groups,
there was more cytotoxicity and enhanced apoptotic cell death
in combination groups. The peaked expression of cleaved form
of caspase-3, -9 and PARP occurred ~3 h after PDT. There
was stronger expression of cleaved caspase-3, -9 and PARP in
combination groups than that in PDT or CBDCA alone
groups. This study demonstrates that the combined modality
resulted in enhanced apoptotic cell death as well as cytotoxic
effect on AMC-HN-3 cells in vitro, which suggests the
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feasibility of combined modality and the possibility of
reducing the effective dosage of 9-HPbD and CBDCA and
lowering the side effects on normal cells.

Introduction

Photodynamic therapy (PDT) is a relative new treatment
modality for various types of cancer (1). This approach is
based on the local or systemic administration and the
selective accumulation and/or retention of a photosensitizing
agent (photosensitizer) in tumor tissue followed by
irradiation with visible light of a wavelength matching the
absorption spectrum of the photosensitizer (therapeutic
window: 600-800 nm) (1-4).

Absorption of light by the photosensitizer initiates the
photochemical generation of cytotoxic singlet oxygen
within the irradiated field, which results in cancer cell death
through oxidative damage of a variety of cellular organelles
(1,2,5). Studies have suggested that PDT can trigger
apoptosis in vitro (6) or in vivo (7). A clinical study showed
novel effect of PDT in early-stage squamous cell carcinoma
of the head and neck (8). However, long-lasting cutaneous
photosensitivity is unavoidable, as the photosensitizer is
absorbed by the skin (8,9), which impacts the acceptability
of PDT to malignant tumor therapy.

Carboplatin (CBDCA), a less nephrotoxic analog of cis-
diamminedichloroplatinum (cisplatin), has been established
as a highly potent therapeutic agent for malignant tumors,
including head and neck, ovarian, esophageal and non-small
lung cell cancers (10-13). Apart from being useful, it shows
toxicity to the human body and leads to inevitable side
effects such as dose-dependent cumulative myelosuppression
(14-17), nausea and/or vomiting (14).

In this study, we assessed the cytotoxic and apoptotic
effect of combined treatment with 9-hydroxypheophorbide a
(9-HPbD) (18) mediated PDT and CBDCA on Asan Medical
Center-Head and Neck-3 (AMC-HN-3) cancer cells (19)
in vitro. We also investigated the possibility to reduce the
effective dosage for these agents and to lower their side
effects on normal cells.
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Materials and methods

Chemicals and antibodies. 9-HPbD, a novel chlorophyll-
derived photosensitizer (18), was provided by Kumho Life
and Environmental Science Laboratory (Kwangju, Korea).
A stock solution (1.5 mg/ml) was made in ethanol and kept
in aluminum foil at -20°C. 9-HPbD was diluted in the
culture medium just before being used and then added to
exponentially growing cells. For cell culture, all medium
supplements, i.e., RPMI, fetal bovine serum (FBS) and
antibiotics were supplied by Hyclone (South Logan, UT,
USA). 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium
bromide (MTT), dimethyl sulfoxide (DMSO), Hoechst
(33342) dye, Propidium iodide (PI) dye, RIPA buffer,
protease and phosphatase inhibitors were purchased from
Sigma (Saint Louis, MO, USA). Bradford Dye Reagent was
supplied by Bio-Rad (Hercules, CA, USA). Caspase-3
(235412), poly(ADP-ribose) polymerase (PARP) (AM30),
caspase-9 (sc-8355) and GAPDH (ab9485) were purchased
from Calbiochem (Darm Stadt, Germany), SantaCruz (CA,
USA) and Abcam (Cambridge, UK), respectively.

Cell cultures and PDT/CBDCA treating protocols. AMC-
HN-3 cell line was kindly donated by Asan Medical Center
(Seoul, South Korea), which was developed from a 63-year-
male patient with previously untreated laryngeal squamous
cell carcinoma (19). AMC-HN-3 cells (2x10° cells/well)
seeded in 96-well microplates or culture dishes attached well
to the flat bottom after being incubated in RPMI medium
containing 10% FBS and 1% antibiotics (streptomycin and
penicillin) at 37°C in a CO, incubator for 24 h. For the PDT
study, various concentrations of 9-HPbD (0-9.38 pg/ml)
were added to culture medium and cells were incubated for
6 h under dark conditions. Then the photosensitized cells
were exposed to 670 nm diode laser at an intensity of 2.0
J/em? for activating 9-HPbD for 15 min. After irradiation, the
cells were returned to a 37°C dark incubator for 3-24 h
according to the time point required. For the CBDCA alone
group and combined PDT with CBDCA groups, the
attached cells were incubated with CBDCA (0.04 mg/ml) for
24 h at 37°C first, then followed by PDT or not according to
the procedure mentioned in Fig. 1.

Cell viability assay. MTT reduction assay was used to
measure the cell viability of AMC-HN-3 cells after PDT
and/or CBDCA treatment. Briefly, 24 h after irradiation, the
cells were incubated with MTT (0.5 mg/ml) for 2 h at 37°C,
then the medium was discarded and DMSO was added.
After 20 sec of incubation and shaking, absorbance at
wavelengths of 540 nm was measured using a microplate
reader (Bio-Rad, Hercules). The percentage of cell viability
was calculated using the following equation: cell viability
(%) = Mean absorbance ment group)/Mean absorbance
x100.

control group

Hoechst and PI double staining. Cells were plated in 35-mm
dishes and treated as described above. Twenty-four hours
after laser irradiation, morphological changes on the nuclear
chromatin of cells undergoing apoptosis were detected by
double-staining with Hoechst 33342 and PI. Briefly, the cells
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Figure 1. The same time course showed in the illustrative protocol was
shared by different groups.

were incubated with Hoechst 33342 (2 ug/ml) in medium
for 30 min. Then the medium was changed to a fresh one and
the cells were incubated with PI (2 pg/ml) for 10 min. The
stained cells were observed to measure apoptosis and
necrosis using a laser scanning confocal microscope (Zeiss
LSM510 META, Germany).

Hoechst 33342 is a fluorescent dye that specifically stains
nucleic acid. Normal cells stained with Hoechst showed
normal morphology of nuclei (blue), while apoptotic cells
showed shrinkage or condensation nuclei (bright blue). PI
can be resisted by the intact cytoplasmic membrane of
normal and early apoptotic cells, but can penetrate the
cytoplasmic membrane of oncotic cells (late apoptotic and
necrotic cells) and stain the nuclei pink.

Western blotting. PDT and/or CBDCA treated AMC-HN-3
cells were harvested and the expression of caspase-3, -9 and
PARP in the cells was analyzed using the Western blot
techniques. After PDT and/or CBDCA treatment, the cells
were washed with cold DPBS twice and then the proteins
were extracted in RIPA buffer [50 mM Tris-HCI, pH 8.0,
with 150 mM sodium chloride, 1.0% lgepal CA-630(NP40),
0.5% sodium deoxycholate, and 0.1% sodium dodecyl
sulfate, protease and phosphatase inhibitor cocktail]. Protein
concentrations were determined using Bradford dye
reagent. One fourth of the sample volume of 5X SDS sample
buffer was added to the cell lysate. Equivalent amounts of
protein (100 ug) were loaded onto 10% polyacrylamide gels,
subjected to electrophoresis, and transferred to PVDF mem-
brane. Electrophoresis and blotting were both performed
using the PowerPac200 electrophoresis system (Bio-Rad,
Hercules). After blocking with 5% non-skimmed milk for 1 h,
primary antibodies were bound overnight at 4°C. The mem-
branes were probed with horseradish peroxidase-conjugated
anti-mouse IgG or anti-rabbit IgG antibody for 1 h. The
protein band was detected by Kodak in vivo image analyzer.

Results
Cytotoxicity of 9-HPbD-mediated PDT and CBDCA. To

determine the combined anti-cancer effect of PDT and
CBDCA treatment on AMC-HN-3 cells, MTT reduction assay
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Figure 2. Phototoxicity was determined by MTT assay 24 h after laser irradiation. Combined PDT with CBDCA shows more cytotoxicity to AMC-HN-3 cells

compared with PDT and CBDCA alone.

Figure 3. Morphological characterization of AMC-HN-3 cells induced by PDT and/or CBDCA was measured by Hoechst and PI double staining.
Representative fluorescent microscopic images of Hoechst* (blue) and Hoechst*/PI* (pink) staining were obtained using a laser scanning confocal microscope.
Early apoptotic cells show asymmetric Hoechst 33342 staining (bright blue) of their nuclei as a result of chromatin condensation and nuclear fragmentation,
and late apoptotic cells were stained by Hoechst 33342 and PI (pink) with asymmetric nuclei staining. Pink intact nuclei were considered as necrotic cells.
(A), control (no treatment); (B), PDT (9-HPbD 0.29 pg/ml) alone; (C), PDT (9-HPbD 0.59 ug/ml) alone; (D), CBDCA (0.04 mg/ml) alone; (E), PDT
(9-HPbD 0.29 pg/ml) + CBDCA (0.04 mg/ml) and (F), PDT (9-HPbD 0.59 yg/ml) + CBDCA (0.04 mg/ml). Scale bar (20 ym) in (F) for (A-F).

were first used to assess the photocytotoxicity at 24 h after
laser irradiation. The extent of phototoxicity was dependent
on the concentration of 9-HPbD. Cell viability induced by
combination group was 41.3 and 9.8% at the concentration
of 9-HPbD 0.29 ug/ml and 0.59 ug/ml respectively,

whereas there was 88.4 and 49.8% cell viability at the same
concentration of 9-HPbD in PDT alone groups. Dividing the
effect of CBDCA alone, there was ~17.6 and 10.1% extra
cytotoxic effect at the concentration of 9-HPbD 0.29 ug/ml
and 0.59 pg/ml respectively in combination groups (Fig. 2).
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Apoptotic and necrotic cell death induced by PDT and
CBDCA. Hoechst 33342 and PI double staining was used to
assess apoptotic and necrotic cell death 24 h after PDT. Intact
homogeneous blue nuclei, condensed/fragmented blue nuclei,
condensed/fragmented pink nuclei, and pink intact nuclei were
considered as viable, early apoptotic, late apoptotic, and
necrotic cells, respectively.

The cells in control group showed intact homogeneous
blue and round nuclei (Fig. 3A). There were only infrequent
condensed/fragmented blue and pink nuclei observed at
lower dose of 9-HPbD (0.29 pg/ml)-mediated PDT alone
group (Fig. 3B), comparing with more condensed/fragmented
blue and pink nuclei and some pink intact nuclei at higher
dose (0.59 pug/ml) group (Fig. 3C). The cells of CBDCA
treatment alone group displayed condensed blue nuclei with
chromatin packed at the periphery and fragmented blue
nuclei, as well as sporadic condensed/fragmented pink nuclei
(Fig. 3D). There were more condensed/fragmented blue and
pink nuclei in combination groups (Fig. 3E and F) than those
in PDT and CBDCA alone groups (Fig. 3B-D). Some pink
intact nuclei consistent with the dose of 9-HPbD were
observed in combination groups (Fig. 3E and F).

Activation of caspase-3, -9 and PARP. Western blotting
revealed decreasing expression of the precursor of caspase-3
from O to 12 h after laser irradiation in PDT alone and
combination groups (Fig. 4A), and increasing expression of
cleaved form of caspase-3 from O to 3 h and then decreasing
expression from 3 to 12 h in these groups. The peaked
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Figure 4. Expression of caspase-3 (A and B), caspase-9 (C), PARP (D)
and GAPDH (E) in AMC-HN-3 head and neck cancer cells at 0, 3, 6 and
12 h after PDT combined with CBDCA or not. In CBDCA alone group,
the cells were incubated with CBDCA (0.04 mg/ml) for 24 h, then cell
lysates were prepared at 6,9, 12 and 18 h after being incubated with fresh
medium. In PDT and combination group, AMC-HN-3 cells were sensitized
with 9-HPbD (0.29 pg/ml or 0.59 pug/ml) for 6 h, and then followed by
laser irradiation (2.0 J/cm?) and preparation of cell lysates at 0, 3, 6 and
12h after PDT. For combination group, the cells were incubated with
CBDCA (0.04 mg/ml) for 24 h before cell photosensitization. Lane 1,
control (no treatment); lane 2, CBDCA (0.04 mg/ml) alone; lane 3, PDT
(9-HPbD 0.29 pg/ml) alone; lane 4, PDT (9-HPbD 0.59 pg/ml) alone; lane 5,
PDT (9-HPbD 0.29 pg/ml) + CBDCA (0.04 mg/ml) and lane 6, PDT (9-HPbD
0.59 pg/ml) + CBDCA (0.04 mg/ml).

expression of cleaved caspase-3 occurred around 3 h after
laser irradiation. There was stronger expression of cleaved
caspase-3 in combination group than that in PDT or CBDCA
alone group (Fig. 4B). Caspase-9 and PARP, the upstream
mediator and the native substrate of caspase-3 respectively,
demonstrated similar expression pattern with cleaved
caspase-3 (Fig. 4C and D, respectively).

Discussion

As a less nephrotoxic analog of cisplatin, although CBDCA
is highly effective against some tumors, it has inevitable
problems such as side effects and inherent or acquired
resistance during treatment (14-17).

PDT is a minimally invasive therapeutic modality
clinically approved for treatment of cancer which is based on
the accumulation of photosensitizing molecules in tumor
tissue and the local activation of the photosensitizer by
exposure to visible light. Most of the photosensitizers used
are effective, but showed skin phototoxicity (8.,9).
Previously, new photosensitizers were developed for PDT to
overcome shin phototoxicity (18,20-23), 9-HPbD, a novel
pheophorbide-based photosensitizer as a chlorophyll
derivative, was used in this study for PDT on AMC-HN-3
cells to investigate whether or not the increased cytotoxicity
and the enhanced apoptosis can be obtained through combining
with CBDCA. The combination treatment was expected to
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reduce the effective dose of these agents and maybe to lower
toxic effects including skin phototoxicity on normal cells.

As shown in Fig. 2, the cell death percentage for combined
treatment was more than the sum of that of PDT and CBDCA
treatment alone either in higher or lower dose of 9-HPbD,
which is suggestive of a synergistic cytotoxic effect for PDT
and CBDCA. There was a significantly increased number of
condensed/fragmented blue nuclei (early stage of apoptosis)
and condensed/fragmented pink nuclei (late stage of apoptosis)
in combination groups (Fig. 3E and F) than those in PDT and
CBDCA alone groups (Fig. 3B-D). Moreover, pink intact
nuclei (necrotic cells) appeared in PDT (9-HPbD 0.59
pg/ml) alone group and combination groups (Fig. 3D, E and
E). Morphological changes showed in Fig. 3 indicated more
apoptotic and necrotic events and stronger effect in combined
modality than those in PDT and CBDCA alone groups.

The activation of caspase is considered to execute a
major, if not essential, effect on the apoptotic processes (24).
Caspase-3, a member of the caspase family of 13 aspartate-
specific cysteine proteases that play a central role in the
execution of the apoptotic program (25-27), is primarily
responsible for the cleavage of PARP during cell death (28-30).

In this study, there was enhanced expression of cleaved
form of caspase-3 and -9 for combined treatment compared
to PDT and CBDCA alone (Fig. 4B and C, respectively),
which implies that caspase-3 and -9 are the major proteases
involved in the apoptotic cascade induced by combined
treatment. Typically, following PDT, the release of mito-
chondrial cytochrome c into the cytosol is followed by the
apoptosome-mediated caspase activation cascade, leading
to the apoptotic morphotype (4). Following the release of
mitochondrial cytochrome c¢ into the cytosol, activation of
caspases-2, -3, -6, -7, -8 and -9 has been described for
endothelial cell apoptosis treated with PDT (31). Meanwhile,
in rodents the endoplasmic reticulum (ER)-associated
caspase-12 has been proposed to be the initiator caspase in
ER stress pathways to apoptosis. The caspase-12 activation
by the stressed ER (32), which can then lead to caspase-9/
caspase-3/7 activation and apoptosis in a cytochrome ¢ and
Apaf-1-independent manner (33). On the other hand, the
activation of caspase-3 has been demonstrated in CBDCA-
induced apoptosis in the squamous cell carcinoma cell line
MIT7 (34). Therefore, the mechanism involved in combination
modality may relate to the ER stress-induced apoptosis
and/or mitochondrion-mediated procaspase-activation
pathway, which has been demonstrated in the treatment of
nasopharyngeal carcinoma cells with PDT (35).

A positive regulatory function of PARP cleavage was
demonstrated in the onset of apoptosis (36). The activation of
caspase-3 was also identified by the cleavage of its native
substrate PARP, a commonly used measurement of caspase-
3-like enzymatic activity, which further confirmed the
activation of caspase-3 in the process of AMC-HN-3 cell
apoptosis induced by PDT and CBDCA. As shown in Fig. 4D,
there was similar expression pattern of cleaved PARP to
cleaved caspase-3. The increased expression of cleaved
caspase-3, -9 and PARP is consistent with an enhanced
cytotoxic and apoptotic effect for combined treatment.

Overexpression of caspase-3 mRNA occurred after
treatment of HL-60 leukemia cells for 3 or 6 h with CBDCA,
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while its expression was decreased after 12 h treatment,
demonstrating that caspase-3 gene may take part in the early
stages of apoptosis (37). Our results showed that the peaked
expression of cleaved form of caspase-3, -9 and PARP
occurred around 3 h after PDT (Fig. 4B, C and D, respectively),
suggesting that PDT induces rapid apoptotic cell death (6).

Taken together, our results indicate that caspase-3, -9 and
PARP play a vital role in the apoptosis processes of AMC-
HN-3 cell line induced by 9-HPbD-mediated PDT and
CBDCA. There is enhanced cytotoxic and pro-apoptotic effect
in this combined modality on AMC-HN-3 cells in vitro, which
suggests the feasibility of combined modality and the
possibility of lowering the side effects on normal cells through
reducing the effective dosage of 9-HPbD and CBDCA. The
potential mechanisms involved merit further study.
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