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Abstract
Photodynamic therapy (PDT) has become one of the popular treatment modalities for the
management of cancer and other diseases. PDT in combination with conventional chemotherapy has shown an enhanced efficacy in combating different types of cancers. In this present study, we investigated the cytotoxic and apoptotic effects of genistein in combination
with photofrin induced PDT in an ovarian cancer cell line SK-OV-3. Cells were treated
with different concentrations of genistein (0, 25, 50, and 100µM) in combination with
3.13µg/ml and 6.25 µg/ml of phtofrin induced PDT. The viabilities of the cells were decreased by 34.5% and 49.0% respectively with the different concentrations of photofrin in
PDT. In order to investigate whether genistein in combination with PDT can induce apoptotis, SK-OV-3 cells were stained with hoechst 33342 and propidium iodide. From the microscopic images, it was observed that apoptosis was induced in the SK-OV-3 cells treated
with either genistein (100µM) or PDT alone. In addition, different apoptosis related proteins like caspase-8, caspase-9, caspase-3, cytochrome c and PARP were also activated when
the cells were treated with the combination of genistein and PDT. These results show that
the general apoptotic pathway requiring caspase-3 activation through caspase-8 is the main
pathway that induces apoptosis in SK-OV-3 cells. Therefore, we conclude that genistein sensitizes the activity of photodynamic therapy by photofrin in SK-OV-3 cells by inducing
apoptosis through the activation of caspase-8 and caspase-3.
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Introduction
Ovarian cancers are usually diagnosed at advanced stages
with massive and widely spread intra abdominal diseases.
The prognosis for advanced stage ovarian cancer is very
poor. The 5-year survival rate for stage III A is 41%, for
stage IIIB is about 25%, for stage IIIC is 23%, and for
stage IV disease is 11% [1].
Photodynamic therapy (PDT) is becoming widely accepted as a potential treatment for cancer and other nonmalignant diseases. In PDT, the photosensitizer can be
concentrated into the tumor tissue and can be excited by a
light of specific wavelength. Therefore, the subsequent
photodynamic reaction can generate cytotoxic reactive
oxygen species (ROS) and lead to the destruction of cancer cells [2, 3]. In the last few years, photofrin has been
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approved for treating various forms of premalignant and
malignant diseases such as the cancer of the treatment of
skin, cervix, lung and esophagus [3-5].
Genistein is a natural component of soybean and is known
as 4’,5,7 trihydroxy isoflavons which is a class of flavinoids. Genistein has been found to be a potent anticancer
agent [6]. This isoflavone is a phytoestrogen that occurs
naturally in the diet and is found in a wide variety of
foods derived from plants especially in soybeans and soybased foods [7]. Some of the potential biological effects
of phytoestrogens, especially, genistein, include inhibition
of angiogenesis in malignant tumours, inhibition of the
activity of tyrosine kinase and human DNA topoisomerase II activity [6, 8, 9]. Genistein induces G2/M cell
cycle arrest and apoptosis of human overian cancer cells.
It also inhibits the autophosphorylation of the epidermal
51

growth factor receptor, a receptor which is overexpressed
in most cancers [10, 11]. Beside this genistein acts as an
antioxidant, thus preventing oxidative DNA damage; and
cause changes characteristic of apoptosis, a protective
mechanism induced in damaged, mutated, or cancerous
cells [12, 13]. It was also found to be effective against
human anaplastic thyroid cancer cells [14]. Gynecologically, genistein is commonly used as a non-invasive
chemopreventive agent that can modulate several proteins
like Bax, Bcl-2, cytochrome c and different caspases like
caspase 3, caspase 8 to induce apoptosis and thereby can
control growth in cervical cancer cells [15].
Nowadays, combination of two different modalities is
being applied for the treatment of various types of cancer.
This combination modality can not only enhance the efficacy of the treatment but also can reduce the doses of
chemotherapy drugs and thus can reduce their side effects.
Several studies have confirmed the higher efficacy of natural components against different types of cancer when
they were treated in combination with other modalities
like photodynamic therapy [14, 16].
In this present study, we investigated the molecular
mechanism by which genistein enhances the anticarcinogenic effect in cultured SK-OV-3 ovarian cells when
treated in combination with photodynamic therapy.

Materials and Methods
Chemicals and antibodies
The photosensitizer, Photofrin was provided by Kumho
Life and Environmental Science Laboratory (Kwangju,
Korea). A stock solution (1.5 mg/ml) was prepared in
ethanol and kept at -20ºC in dark. Photofrin was diluted in
the culture medium just before use and the cells were
treated at their exponential growth phase.
Roswell Park Memorial Institute medium (RPMI), fetal
bovine serum (FBS), and Dulbecco's Phosphate-Buffered
Saline (DPBS) were purchased from Hyclone (South Logan, UT, USA). The antibodies were purchased as follows: - anti cytochrome c from BD Biosciences Pharmingen, San Diego, CA, USA, anti-caspase-3 and -8 from
Calbiochem, Darmstadt, Germany, anti-PARP (poly ADP
ribose polymerase) from Cell Signaling, Danvers, MA,
USA.
MTT
(3-4,5-dimethylthiazol-2-yl-2,5diphenyltetrazoilium bromide), Hoechst 33342 and genistein were purchased from Sigma, St. Louis, MO, USA.
Stock solutions of 1mM genistein were prepared in dimethylsulfoxide (DMSO) and stored in the dark at -20ºC.
Cell culture
SK-OV-3 is a human ovarian cancer cell line with epithelial like morphology. SKOV-3 cells can form moderately
well differentiated adenocarcinoma consistent with ovarian primary cells in vivo. This cell line is produced by the
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Korean Cell Line Bank (Seoul, South Korea). Cells
(2×105 cells/well) were cultured in RPMI medium containing 10% FBS and 1% antibiotics (streptomycin and
penicillin) at 37ºC in a 5% CO2 humidified atmosphere
and then seeded into a 96-well microplates for 24 hours.
For the PDT treatment, cells were treated with increasing
concentrations (0-50µg/ml) of photofrin. Then, the photosensitized cells were exposed to 632 nm diode laser at an
intensity of 2.0 J/cm2 for 15 min to activate the photofrin.
After irradiation, the cells were incubated at 37ºC in the
dark for a period of 3 to 24 hrs and the several parameter
were studied at various time points required. Again to
study the combination effect, cells were treated with different concentrations of genistein (0, 50, 100 µM) and
increasing concentrations of photofrin (0-50µg/ml) for
PDT.
MTT assay
The viabilities of the control and treated cells were measured by the MTT assay method. Briefly, cells were seeded
in a 96-well culture plate at a concentration of 1×105
cells/well and treated with photofrin PDT and combination of PDT with genistein as mentioned before. After
photosensitization, the cells were incubated with MTT
solution (2 mg/ml) for 2 hours at 37ºC. The culture medium was then discarded and 200µl of Dimethyl sulfoxide
(DMSO) was added to each well. The optical densities in
the 96-well plates were determined with a microplate
reader (Bio-Rad, Hercules, CA, USA) at 540 nm. The
percentage of cell viability was calculated as below;
The percentage of cell viability (%) = mean absorbance
(treatment)/Mean absorbance (control) ×100.
Detection of apoptosis using Hoechst 33342 and PI
double staining
Apoptosis was observed by chromatin staining with
Hoechst 33342. Cells were seeded on a cover slips in a 6well plate. After laser irradiation for PDT, the supernatant
was discarded and the cells were fixed with 4% paraformaldehyde in PBS for 1 hour at room temperature. Then
the cells were washed three times in PBS and stained with
Hoechst 33342 (Sigma, St. Louis, MO, USA) at 10 µM
for 1 hour at room temperature. The culture medium was
changed to a fresh one and the cells were incubated with
Propidium Iodide (PI) (2 µM) for 10 min. Fluor-stained
nuclei were observed using a Zeiss confocal microscope
(Zeiss, Oberkochen, Germany) with the FITC filter set to
detect the apoptotic cells with condensed nuclei.
Western blot
After treating the SK-OV-3 cells with PDT, genistein and
combination of photofrin-PDT and genistein; the expressions of caspase-8, caspase-9, cytochrome c, caspase-3,
PARP (poly ADP-Ribose ploymerase), were detected by
Western blot analysis. GAPDH and β-actin were used as
loading controls. After treatments, cells were rinsed twice
with ice-cold PBS. Then the cells were collected by
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scraping the bottom of the culture plate and harvested by
centrifugation at 1000 rpm for 5 min. The cells were then
lysed with ice cold RIPA buffer (Sigma, St. Louis, MO,
USA) containing phosphatase and protease inhibitors.
Solubilized proteins were again centrifuged at 14,000 rpm
for 30 min, and the supernatant was collected. The protein
concentration was determined using the Bradford assay
reagent (Bio-Rad, Hercules, CA). Equal amounts of protein were separated by 10% sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to immunoblot PVDF membranes (Bio-Rad,
Hercules, CA). Electrophoresis and blotting were both
performed using the Power Pac200 electrophoresis system (Bio-Rad, Hercules, CA). After blocking with 5%
non-skimmed milk for 1 hour, the membrane was incubated with the primary antibodies overnight at 4ºC. The
membranes were blocked again with 5% skim milk in
PBST, and incubated with antibodies against caspase-8,
casepase-9, cytochrome c, caspase-3, PARP and β-actin.
Immunocomplexes were detected by subsequent incubation with appropriate horseradish peroxidase-conjugated
secondary IgG antibodies, and with enhanced chemiluminescence (ECL), according to the manufacturer protocol
(Amersham Pharmacia Biotechnology, Buckinghamshire,
UK). The protein bands were detected by the Kodak image analyzer.

Hoechst 33342 showed normal morphology of nuclei
(blue), while apoptotic cells showed shrinkage or condensation of the nuclei (bright blue). From figure 2, normal
live nucleus can be observed in the cells treated with lasers only (A and B). In the low dose of photofrin
(3.13µg/ml) treatment in PDT group, early apoptotic cells
can be observed (bright blue) with cell blebbing, chromatin condensation and nuclear fragmentation (C and D). In
the high dose photofrin treatment group (12.5µg/ml),
most cells have necrotic nucleus with asymmetric nuclei
with pink color staining (E and F). Therefore, for the cells
treated with higher concentrations of photofrin PDT, late
apoptotic and necrotic cells can be observed by propidium
iodide (PI) (Fig. 2). From the microscopic images of the
cells, we observed induction of apoptosis in the SK-OV-3
cells treated with either genistein (100µM) and PDT
(3.13µg/ml and 6.25µg/ml) or combination of genistein
and PDT (Fig. 3). Pretreatment with genistein followed
by PDT, induced higher rate of apoptosis in the SK-OV-3
cells compared to the individual treatments. These results
are consistent with the data obtained for inhibition of cell
viability by MTT, suggesting that the loss of viability of
cells treated with genistein followed by PDT compared
much higher to the individual treatments. Therefore, this
combination treatment has higher efficacy of inducing
apoptosis in SK-OV-3 cell.

Results

Genistein augmented the apoptosis signaling pathways
which were stimulated when SK-OV-3 cells were treated with PDT.
Caspases are cysteine proteases which are activated during the apoptotic signaling pathways Specific caspases are
used as initiators and executors by different apoptotic
signaling pathways. Treatment of SK-OV-3 cells with
genistein or a low concentration of photofrin induced
PDT failed to show cleavage of caspase-8, while the highconcentration of photofrin induced PDT alone showed
expression of cleaved caspase-8 (Fig. 4). On the other
hand combination with genistein substantially augmented
the level of expression of cleaved caspase-8 (Fig. 4). To
analyze the involvement of mitochondrial pathway related
protein in induction of apoptosis in SK-OV-3 cells by
genistein and PDT, expressions of different apoptotic protens like cytochrome c, Caspase 9, Caspase 3 and PARP
were analysed. Protein from cytosolic fractions were prepared and analyzed for the levels of cytochrome c. From
the results, it was observed that the expression of cytochrome c was upregulated with the increasing concentrations of photofrin in PDT in combination group. The expression of caspase-9 was also upregulated in PDT treated
groups, however the combination of PDT with genistein
did not affect the level of the expression of caspase-9. On
the other hand, the expression of caspase-3 and PARP
were much higher in the cells treated with genistein and
high concentration of photofrin induced PDT.

MTT assay
Genistein-sensitized SK-OV-3 cells to PDT induced
growth inhibition
The effect of different concentrations of photofrin PDT
on the viability of SK-OV-3 cells was determined by the
MTT assay. Results showed a concentration-dependent
inhibition of cell viability by PDT treatment. Subsequent
studies were undertaken to determine whether cells preconditioned with genistein were more sensitive to the cytotoxic effect of PDT using the cell viability assay. The
effect of genistein and PDT on the viability of the SKOV-3 cells is illustrated in Fig. 1. When the cells were
treated with 100µM genistein followed by 3.13µg/ml and
6.25µg/ml of photofrin induced PDT, the percentages of
viability of the cells were decreased by 34.5% and 49.0%
respectively. These results suggest that a combination of
genistein with photofrin elicits a significantly greater
inhibition of the viability of the SK-OV-3 cells as compared to individual treatment alone.
Genistein-sensitized SK-OV-3 cells undergo apoptosis
and necrotic cell death induced by PDT.
In order to investigate whether genistein and PDT induced apoptosis, SK-OV-3 cells were stained with
Hoechst 33342. Hoechst 33342 is a fluorescent dye that
specifically stains nucleic acid. Normal cells stained with
Biomedical Research 2014 Volume 25 Issue 1
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Figure 1. The effect of photofrin, genistein and PDT on cell viability. The cell viability was measured by the MTT assay
24h after laser irradiation, as described in the materials and methods section. Combination therapy with genistein and
PDT shows more cytotoxicity to SK-OV-3 cells compared with PDT and photofrin alone.

Figure 2. Hoechst 33342, PI staining and microscopic findings 24 hours after photofrin induced PDT on SK-OV-3 ovarian cancer cell line. Left panel show distinct living, apoptotic, necrotic cells by staining and right panels show cells by
light microscopy (×20). Cells irradiated with laser only show a normal live nucleus (A and B). In the low dose photofrin
treatment group (3.13µg/ml), early apoptotic cells showed asymmetric Hoechst 33342 staining (bright blue) of their
nuclei as a result of chromatin condensation and nuclear fragmentation. (Cand D). In the high dose photofrin treatment
group (12.5µg/ml), showed most cells have necrotic nucleus with asymmetric nuclei pink color staining (E and F).
54
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Figure 3. The effect of genistein and PDT on apoptotic cell death in SK-OV-3 cells. Cells were treated for 24 hours with
100 ml of genistein prior to PDT. The cells were fixed and stained with Hoechst 33342 and PI and observed under confocal microscope.

Figure 4. Western blot analysis of caspase-8, caspase-9, cytochrome c, caspase-3, and PARP in whole cell lysates prepared from SK-OV-3 cells after treatment with only genistein, PDT, or genistein pretreatment followed by PDT. Analysis of cytochrome c in the cytosol fraction, as detailed in the materials and methods section. GAPDH and β-actin were
used as a loading control marker. Lane 1 is the untreated control, lane 2 is treated with genistein (100 µM), lanes 3 and
4 are treated with PDT (photofrin [3.13 and 6.25 µg/ml, respectively]), lanes 5 and 6 are genistein pretreatment followed by PDT (photofrin [3.13 and 6.25 µg/ml, respectively])
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PDT is a clinically-approved cancer treatment method,
which is expected to eliminate the microscopic tumors.
Genistein, the phytoestrogen present in soybeans, has a
wide range of properties that may contribute to cancer
protective actions, such as an inhibitory effect on tyrosine
kinases, antiestrogenicity, antioxidant activity, antiangiogenesis activity, suppression of cell proliferation,
induction of differentiation, and modulation of apoptosis
[11-14, 17]. This natural component of soy has recently
been found to be of chemotherapeutic value when combined with tumor-specific antibodies in the treatment of
B-cell precursor leukaemia [13].

age and activation of other caspases, especially caspases6, -7, and -8 [30]. Our results showed activation of caspase-8, caspase-9, caspase-3, and PARP after combined
treatment with PDT and genistein. These results indicate
that the apoptotic pathway requiring caspase-3 activation
through caspase-8 is the main pathway to induce apoptosis in SK-OV-3 cells.
Therefore, we can conclude that combined treatment with
PDT and genistein results in an enhanced cytotoxic and
apoptotic effect in SK-OV-3 cells through activation of
caspase-8, caspase-3. Though further in vivo and preclinical studies are required, this study may shed a light to
enhance the efficacy of chemotherapy drugs by combination treatment with photodynamic therapy.

Recent research has shown that genistein is a chemopre
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Discussion

Therefore, the aim of our study was to determine the
combined effect of PDT and genistein, in order to reduce
the effective dosage of the individual compounds and
therefore to reduce their side effects on normal cells. The
enhanced apoptotic effects and the possible mechanism of
action of this enhanced efficacy has been studied. The
combined treatment of PDT and genistein significantly
inhibited cell proliferation and enhanced apoptosis in SKOV-3 cells compared to the individual treatment with
PDT or genistein.
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