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Abstract

Photodynamic therapy (PDT) has become one of the polar treatment modalities for the
management of cancer and other diseases. PDT in cbimation with conventional chemo-
therapy has shown an enhanced efficacy in combatirdjfferent types of cancers. In this pre-
sent study, we investigated the cytotoxic and apagtic effects of genistein in combination
with photofrin induced PDT in an ovarian cancer cel line SK-OV-3. Cells were treated
with different concentrations of genistein (0, 2550, and 10@M) in combination with
3.13pg/ml and 6.25 pg/ml of phtofrin induced PDT. e viabilities of the cells were de-
creased by 34.5% and 49.0% respectively with the ffierent concentrations of photofrin in
PDT. In order to investigate whether genistein in ambination with PDT can induce apop-
totis, SK-OV-3 cells were stained with hoechst 3334and propidium iodide. From the mi-
croscopic images, it was observed that apoptosis svinduced in the SK-OV-3 cells treated
with either genistein (100puM) or PDT alone. In adition, different apoptosis related pro-
teins like caspase-8, caspase-9, caspase-3, cytooie ¢ and PARP were also activated when
the cells were treated with the combination of gestein and PDT. These results show that
the general apoptotic pathway requiring caspase-3céivation through caspase-8 is the main
pathway that induces apoptosis in SK-OV-3 cells. Térefore, we conclude that genistein sen-
sitizes the activity of photodynamic therapy by phtofrin in SK-OV-3 cells by inducing
apoptosis through the activation of caspase-8 andspase-3.
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Introduction approved for treating various forms of premalignantl
malignant diseases such as the cancer of the &aawnh

Ovarian cancers are usually diagnosed at advaragdss SKin, cervix, lung and esophagus [3-5].
with massive and widely spread intra abdominalatiss. o )
The prognosis for advanced stage ovarian canoeris Genistein is a natural component of soybean akdas/n

poor. The 5-year survival rate for stage Ill A %4, for @S 45,7 trinydroxy isoflavons which is a classflafvi-
stage 1B is about 25%, for stage IIIC is 23%, dod noids. Genistein has been found to be a potentaarder

stage IV disease is 11% [1]. agent [6]. This isoflavone is a phytoestrogen thaturs
naturally in the diet and is found in a wide vayietf
Photodynamic therapy (PDT) is becoming widely acfoods derived from plants especially in soybeartssoy-
cepted as a potential treatment for cancer and oire ~ P@sed foods [7]. Some of the potential biologidéas
malignant diseases. In PDT, the photosensitizer lean Of Phytoestrogens, especially, genistein, includihition
concentrated into the tumor tissue and can beezkbiy a  Of angiogenesis in malignant tumours, inhibition thé
light of specific wavelength. Therefore, the subsey activity of tyrosine kinase and human DNA topoisom-
photodynamic reaction can generate cytotoxic reecti €rase Il activity [6, 8, 9]. Genistein induces G24dl|

oxygen species (ROS) and lead to the destructizanf ~Cycle arrest and apoptosis of human overian careles.
cer cells [2, 3]. In the last few years, photofnias been It also inhibits the autophosphorylation of thedspimal
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growth factor receptor, a receptor which is overegped
in most cancers [10, 11]. Beside this genisteis astan
antioxidant, thus preventing oxidative DNA damaageg
cause changes characteristic of apoptosis, a [ik@ec
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Korean Cell Line Bank (Seoul, South Korea). Cells
(2x10 cells/well) were cultured in RPMI medium con-
taining 10% FBS and 1% antibiotics (streptomycim an
penicillin) at 37°C in a 5% COhumidified atmosphere

mechanism induced in damaged, mutated, or canceroaad then seeded into a 96-well microplates for @drd

cells [12, 13]. It was also found to be effectivgamst
human anaplastic thyroid cancer cells [14]. Gynegiel
cally,
chemopreventive agent that can modulate severtdipso
like Bax, Bcl-2, cytochrome c and different caspgaliee
caspase 3, caspase 8 to induce apoptosis andtheneb
control growth in cervical cancer cells [15].

Nowadays, combination of two different modalities i
being applied for the treatment of various typesanicer.
This combination modality can not only enhancedfie
cacy of the treatment but also can reduce the dokes
chemotherapy drugs and thus can reduce their felets
Several studies have confirmed the higher effic#ayat-
ural components against different types of candeerw
they were treated in combination with other modsdit
like photodynamic therapy [14, 16].

In this present study, we investigated the mokacul
mechanism by which genistein
cinogenic effect in cultured SK-OV-3 ovarian cellien
treated in combination with photodynamic therapy.

Materials and Methods

Chemicals and antibodies
The photosensitizer, Photofrin was provided by Kamh

For the PDT treatment, cells were treated withéasing
concentrations (0-50ug/ml) of photofrin. Then, fheto-

genistein is commonly used as a non-invasivsensitized cells were exposed to 632 nm diode ksan

intensity of 2.0 J/cm2 for 15 min to activate thefrin.
After irradiation, the cells were incubated at 37fCGhe
dark for a period of 3 to 24 hrs and the severehpater
were studied at various time points required. Adgai
study the combination effect, cells were treateth wlif-
ferent concentrations of genistein (0, 50, 100 Levijl
increasing concentrations of photofrin (0-50ug/rfdy
PDT.

MTT assay

The viabilities of the control and treated cellseveneas-
ured by the MTT assay method. Briefly, cells wereded

in a 96-well culture plate at a concentration ofL@x

cells/well and treated with photofrin PDT and conabi

tion of PDT with genistein as mentioned before.eAft
photosensitization, the cells were incubated withTM

enhances the anticasolution (2 mg/ml) for 2 hours at 37°C. The cultone-

dium was then discarded and 200u! of Dimethyl stdfe
(DMSO) was added to each well. The optical derssitie
the 96-well plates were determined with a micraplat
reader (Bio-Rad, Hercules, CA, USA) at 540 nm. The
percentage of cell viability was calculated as belo

The percentage of cell viability (%) = mean absodsa

Life and Environmental Science Laboratory (Kwangiju,({réatment)/Mean absorbance (control) x100.

Korea). A stock solution (1.5 mg/ml) was prepared i
ethanol and kept at -20°C in dark. Photofrin whsteld in

Detection of apoptosis using Hoechst 33342 and PI

the culture medium just before use and the celleewe doublestaining

treated at their exponential growth phase.

Roswell Park Memorial Institute medium (RPMI), feta
bovine serum (FBS), and Dulbecco's Phosphate-Badffer

Apoptosis was observed by chromatin staining with
Hoechst 33342. Cells were seeded on a cover slipHr
well plate. After laser irradiation for PDT, thepsunatant
was discarded and the cells were fixed with 4% fpara

Saline (DPBS) were purchased from Hyclone (South Lomaldehyde in PBS for 1 hour at room temperatur@nTh
gan, UT, USA). The antibodies were purchased as fofh€ Cells were washed three times in PBS and staité
lows: - anti cytochrome ¢ from BD Biosciences Piarm Hoechst 33342 (Sigma, St. Louis, MO, USA) at,10
gen, San Diego, CA, USA, anti-caspase-3 and -8 frorfPr 1 hour at room temperature. The culture_ medngms
Calbiochem, Darmstadt, Germany, anti-PARP (poly ADFEhanged to a fresh one and the cells were incubaited
ribose polymerase) from Cell Signaling, Danvers, ,MA Propidium lodide (PI) (2uM) for 10 min. Fluor-stained

USA. MTT (3-4,5-dimethylthiazol-2-yl-2,5-

diphenyltetrazoilium bromide), Hoechst 33342 and-ge
istein were purchased from Sigma, St. Louis, MOAUS
Stock solutions of 1mM genistein were prepared in d
methylsulfoxide (DMSQ) and stored in the dark &°Q.

Cdll culture

SK-OV-3 is a human ovarian cancer cell line witlitleg
lial like morphology. SKOV-3 cells can form modegigt
well differentiated adenocarcinoma consistent verdar-
ian primary cells in vivo. This cell line is prodzat by the
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nuclei were observed using a Zeiss confocal miapsc
(Zeiss, Oberkochen, Germany) with the FITC filtet ®
detect the apoptotic cells with condensed nuclei.

Western blot

After treating the SK-OV-3 cells with PDT, genist&ind
combination of photofrin-PDT and genistein; the resp
sions of caspase-8, caspase-9, cytochrome c, @3pas
PARP (poly ADP-Ribose ploymerase), were detected by
Western blot analysis. GAPDH afiéactin were used as
loading controls. After treatments, cells were eth$wice
with ice-cold PBS. Then the cells were collected by
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scraping the bottom of the culture plate and haeceby  Hoechst 33342 showed normal morphology of nuclei
centrifugation at 1000 rpm for 5 min. The cells &vélnen  (blue), while apoptotic cells showed shrinkage amden-
lysed with ice cold RIPA buffer (Sigma, St. LouMO, sation of the nuclei (bright blue). From figurer@drmal
USA) containing phosphatase and protease inhibitordive nucleus can be observed in the cells treatitidl ha-
Solubilized proteins were again centrifuged at @@,(pom sers only (A and B). In the low dose of photofrin
for 30 min, and the supernatant was collected.prbein  (3.13pg/ml) treatment in PDT group, early apoptogts
concentration was determined using the Bradfordyass can be observed (bright blue) with cell blebbingyoma-
reagent (Bio-Rad, Hercules, CA). Equal amountsrof p tin condensation and nuclear fragmentation (C apdrD
tein were separated by 10% sodium dodecyl sulfatehe high dose photofrin treatment group (12.5ug/ml)
polyacrylamide gel electrophoresis (SDS-PAGE) andnost cells have necrotic nucleus with asymmetriclaiu
transferred to immunoblot PVDF membranes (Bio-Radwith pink color staining (E and F). Therefore, tbe cells
Hercules, CA). Electrophoresis and blotting werghbo treated with higher concentrations of photofrin P Lake
performed using the Power Pac200 electrophoresis syapoptotic and necrotic cells can be observed bpigitam
tem (Bio-Rad, Hercules, CA). After blocking with 5% iodide (PI) (Fig. 2). From the microscopic imagdgsie
non-skimmed milk for 1 hour, the membrane was incueells, we observed induction of apoptosis in the(®K-3
bated with the primary antibodies overnight at 4T6e  cells treated with either genistein (100uM) and PDT
membranes were blocked again with 5% skim milk in(3.13pg/ml and 6.25ug/ml) or combination of geniste
PBST, and incubated with antibodies against caspas and PDT (Fig. 3). Pretreatment with genistein fotol
casepase-9, cytochrome c, caspase-3, PARB-aictin. by PDT, induced higher rate of apoptosis in the@®K-3
Immunocomplexes were detected by subsequent incubeells compared to the individual treatments. Theselts
tion with appropriate horseradish peroxidase-ccaiey are consistent with the data obtained for inhibitad cell
secondary IgG antibodies, and with enhanced chamiilu viability by MTT, suggesting that the loss of vikilyi of
nescence (ECL), according to the manufacturer pobto cells treated with genistein followed by PDT conguhr
(Amersham Pharmacia Biotechnology, Buckinghamshirenuch higher to the individual treatments. Therefdinés
UK). The protein bands were detected by the Kodak i combination treatment has higher efficacy of indgci

age analyzer. apoptosis in SK-OV-3 cell.

Results Genistein augmented the apoptosis signaling pathways
which were stimulated when  SK-OV-3 cells were treat-

MTT assay ed with PDT.

gaspases are cysteine proteases which are actigated
ing the apoptotic signaling pathways Specific caspare
used as initiators and executors by different agtapt
signaling pathways. Treatment of SK-OV-3 cells with

nistein or a low concentration of photofrin inddc

T failed to show cleavage of caspase-8, whileéhtbe-
concentration of photofrin induced PDT alone showed
expression of cleaved caspase-8 (Fig. 4). On therot

totoxic effect of PDT using the cell viability agsal'he hand combination W.ith genistein substantially augme
effect of genistein and PDT on the viability of tB5&- the level of expression of cleaved caspase-8 ¢igTo
OV-3 cells is illustrated in Fig. 1. When the celgre analyze the involvement of mitochondrial pathwdagte

treated with 100uM genistein followed by 3.13ugént protein in induction of apoptosis in SK-OV-3 celly

A istein and PDT, expressions of different apapfob-
6.25ug/ml of photofrin induced PDT, the percentages genist
viability of the cells were decreased by 34.5% 48d% tens like cytochrome ¢, Caspase 9, Caspase 3 aRifP PA

respectively. These results suggest that a conibinaf were analysed. Protein from cytosolic fractionsevgre-
genistein  with photofrin elicits a significantlyremter pared and analyzed for the levels of cytochromeram

inhibition of the viability of the SK-OV-3 cells asom- ”;]e results, it was Oblset“’;d _tt?]atthth? eXpr?SS'Oﬁ'
pared to individual treatment alone. chrome ¢ was upreguiated wi € Increasing cdreen

tions of photofrin in PDT in combination group. The-
pression of caspase-9 was also upregulated in Riaied
groups, however the combination of PDT with geriste

: . g . did not affect the level of the expression of caspd. On
In order to investigate whether genistein and PDT i )
duced apoptosis, SK-OV-3 cells were stained witﬁhe other hand, the expression of caspase-3 andPPAR

Hoechst 33342. Hoechst 33342 is a fluorescent lge t were much higher in the cel_ls _treated with gemstand
specifically stains nucleic acid. Normal cells st with high concentration of photofrin induced PDT.

Genistein-sensitized SK-OV-3 cells to PDT induce
growth inhibition

The effect of different concentrations of photof@DT
on the viability of SK-OV-3 cells was determined the
MTT assay. Results showed a concentration-depend
inhibition of cell viability by PDT treatment. Subxguent
studies were undertaken to determine whether pedls
conditioned with genistein were more sensitivehi® ¢y-

Genistein-sensitized SK-OV-3 cells undergo apoptosis
and necrotic cell death induced by PDT.
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Figure 1. The effect of photofrin, genistein and PDT on eibility. The cell viability was measured by t@T assay
24h after laser irradiation, as described in theteréals and methods section. Combination theraph wenistein and
PDT shows more cytotoxicity to SK-OV-3 cells corapavith PDT and photofrin alone.

Figure 2. Hoechst 33342, PI staining and microscopic findi2g hours after photofrin induced PDT on SK-O\W8re
ian cancer cell line. Left panel show distinctrigj apoptotic, necrotic cells by staining and riglanels show cells by
light microscopy (x20). Cells irradiated with lasenly show a normal live nucleus (A and B). Inltve dose photofrin
treatment group (3.13pg/ml), early apoptotic celllowed asymmetric Hoechst 33342 staining (brighe)bf their
nuclei as a result of chromatin condensation andear fragmentation. (Cand D). In the high dose toffrin treatment
group (12.5pug/ml), showed most cells have necrtadeus with asymmetric nuclei pink color stain{egand F).
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No PDT PDT+ Photofrin 3.13ug/ml PDT+Photofrin 6.25ug/ml

Genistein

)

Genistein
(100uM)

Figure 3. The effect of genistein and PDT on apoptotic @edth in SK-OV-3 cells. Cells were treated for adris with
100 ml of genistein prior to PDT. The cells weredi and stained with Hoechst 33342 and PI and eeskunder con-
focal microscope.

1 2 3 4 56 Seading
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Cleaved caspase 8 P R | Genistein 100uM

[ 24 hi
| J
Potofrin 3.13, 6.25 ug/ml
“ 18 hr

Cleaved caspase 9

Cleaved cytochrome ¢ | === — — '
' - 632nm laser irradiation
- — 6 he
Cleaved caspase 3 (N —— i
——— - —— Sampling
(1.2.3.4.56)
Cleaved PARP
—— e —
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GAPDH | o "B | 2: Genistein 100uM

' | 3: Photofrin 3.13 ug/ml
(S—— . Photofrin 6,25 ug/m

B-actin 5: Combination : 2+3
| a» - = - & - | 6: Combination : 2+4

Figure 4. Western blot analysis of caspase-8, caspase-8¢luydme c, caspase-3, and PARP in whole cell Iggaite-
pared from SK-OV-3 cells after treatment with ogdénistein, PDT, or genistein pretreatment folloveydPDT. Analy-
sis of cytochrome c in the cytosol fraction, asaded in the materials and methods section. GAPDId @&actin were
used as a loading control marker. Lane 1 is theaaied control, lane 2 is treated with genisteid@LM), lanes 3 and
4 are treated with PDT (photofrin [3.13 and 6.2§/ml, respectively]), lanes 5 and 6 are genisteaietygatment fol-
lowed by PDT (photofrin [3.13 and 6.28/ml, respectively])

Biomedical Research 2014 Volume 25 Issue 1 55



Discussion

PDT is a clinically-approved cancer treatment meéfho
which is expected to eliminate the microscopic ttsno

Genistein, the phytoestrogen present in soybeaass,ah
wide range of properties that may contribute tocean
protective actions, such as an inhibitory effectyonsine
kinases, antiestrogenicity, antioxidant activityntia
angiogenesis activity, suppression of cell pradifem,
induction of differentiation, and modulation of gposis
[11-14, 17]. This natural component of soy has mdge

Ahn/Biswas/Kim

age and activation of other caspases, especiajyasas-
6, -7, and -8 [30]. Our results showed activatibrcas-
pase-8, caspase-9, caspase-3, and PARP after aaimbin
treatment with PDT and genistein. These resulticate
that the apoptotic pathway requiring caspase-¥attin
through caspase-8 is the main pathway to inducg@-apo
tosis in SK-OV-3 cells.

Therefore, we can conclude that combined treatnvéht
PDT and genistein results in an enhanced cytotarit
apoptotic effect in SK-OV-3 cells through activatiof
caspase-8, caspase-3. Though further in vivo aadipr

been found to be of chemotherapeutic value when- con¢@l studies are required, this study may shed f bg

bined with tumor-specific antibodies in the treatmef
B-cell precursor leukaemia [13].

Recent research has shown that genistein is a giremo

ventive agent which mainly reactivate estrogen ptare
to enhance hormonal therapy of breast cancer [18].

also upregulate tumor suppressor microRNA in ptesta

cancers [19]. Epidemiological studies also provale

dence for the prevention of breast cancer througi c

sumption of soybeans and specifically soy isoflas}20,
21]. Two distinctive types of biological respondes/e
been reported in genistein treated tumor cells. flilsé
type is antiproliferative, cytostatic, and cellfdrentiating
effects, which have been reported at relatively pem-
istein concentrations ranging from 10 to 45mM [28-2
The second type of biological response is the oxtot
effect [25]. Based on its ability to induce apojgos HL-
60 cells, B-cell precursor leukemia cells and Jurka
leukemia cells, genistein has been evaluated apap-
totic agent for different types of cancer [26-28though
the mechanism of its action has been studied extdns

the sequence of molecular events involved in thapap 4

totic response is still subject to speculation.

Therefore, the aim of our study was to determine th

combined effect of PDT and genistein, in orderdduce

the effective dosage of the individual compounds an

therefore to reduce their side effects on normbs$.cEhe
enhanced apoptotic effects and the possible mesinaii
action of this enhanced efficacy has been studiée.

combined treatment of PDT and genistein signifilyant

inhibited cell proliferation and enhanced apoptasiSK-

OV-3 cells compared to the individual treatmenthwit

PDT or genistein.

Most photosensitizers for PDT bind to mitochondha,
sosomes, and/or other intracellular membranes,diro)
the ER [29]. Photoactivation of a mitochondriondbzed
photosensitizer causes the depolarization of mandhal

membrane potential nad release of cytochrome c. The

released cytochrome c helps in generating actigspasse-
9, which then cleaves and activates caspase-3.a€asp
is the major effector caspase and is responsibleléav-
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enhance the efficacy of chemotherapy drugs by coabi
tion treatment with photodynamic therapy.
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