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Summary

A natural product Propolis, is a resinous material gathered by honeybees from the buds and bark of certain trees and plants.
Propolis contains various chemical components of biological activities, including antimutagenic, antioxidant, antibacterial,
antiviral and anticarsinogenic. Therefore, the aim of this study is to investigate the antiapoptotic effect of propolis extracts (PE)
using caspase pathway in the human osteogenic sarcoma cell line SAOS-2 in culture. The extracts which produced in ecologic
environment were taken from the Hacettepe University, Beytepe Campus area-Ankara were used. Seven different PE at 0.5,
0.25, 0.125 and 0.063 mg/ml were added to SAOS-2 cell line for two days incubation. For cell proliferation and cytotoxicty
analyses MTT, for apoptotic cell death determination TUNEL method, for distribution of caspase 6, caspase 8 and caspase 9
indirect immunocytochemistry analyses were used. After MTT analyses, the most effect was observed PE 7 at the 0.125 mg/ml
dilution. The number of TUNEL positive cells was more detectable at PE 4 and 5 at the 0.063 mg/ml, and PE 7 at the 0.125
mg/ml dilutions. The immunoreactivity of caspase 6 was stronger than caspase 8 and 9. Moreover, density of caspase 6 staining
was much better especially in PE 7 at the 0.125 mg/ml dilution. In conclusion, the mechanisms of apoptosis induction by PE may
appear via caspase pathway because of its anticanserogenic effect. PE may be usefull in the cancer treatment protocol.
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Kaspaz Yolag ile Yénlendirilen insan Osteojenik Sarcoma Hiicre
Cogalmasina Propolisin Baskilayici EtkKisi

Ozet

Dogal bir Grln olarak propolis belli aga¢ ve bitkilerin kabuki ve tomurcuklarindan arilar araciligi ile elde edilen bir recine
materyalidir. Propolis antimutajenik, antioksidan, antibakteriyel, antiviral etkileride iceren biyolojik aktiviteleri olan cesitli kimyasal
bilesikleri icerir. Bu nedenle bu calismada insan osteogjenik sarcoma hicre dizini SAOS-2 kuiltirinde kaspaz yolagi kullanilarak
propolis ekstraktlarinin (PE) antiapoptotik etkisi arastirimasi amaclandi. Ankara’da Hacettepe Universitesi Beytepe Kampiis
alaninda ekolojik cevrede uretilen ekstraktlar kullanildi. 0.5, 0.25, 0.125 ve 0.063 mg/ml konsantrasyonlarda 7 farkli PE SAOS-2
hucre dizinine eklenerek 2 giin boyunca inkiibe edildi. Hiicre cogalmasi ve toksisitesi icin MTT testi ile apoptotic hiuicre dlumunin
belirlenmesi i¢cin TUNEL metodu ve kaspaz dagilimi icin kaspaz 6, 8 ve 9 immunohistokimyas! analizi kullanildi. Hucreler MTT
analizi sonrasinda en buyuk etki PE 7 icin 0.125 mg/ml dilisyonunda gérildd. TUNEL pozitif hiicre sayisi en fazla olan PE 4 ve 5
icin 0.125 mg/ml dilisyonu oldu. Kaspaz 6 immunoreaktivitesi kaspaz 8 ve 9'dan daha gugclu idi. Daha da énemlisi kaspaz 6
boyamasi PE 7 icin 0.125 mg/ml dilisyonunda cok daha iyi idi. Sonug¢ olarak, PE ile indiklenen apoptosis mekanizmasinin
antikansorejenik etkisinden dolayi kaspaz yolagi ile olusabilir. PE kullanimi kanser tedavi protokoltinde yararli olabilir.

Anahtar sézciikler: Propolis, SAOS-2, Hiicre dizini, MTT, Apoptoz, Kaspaz
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INTRODUCTION

Propolis or bee glue is a dark sticky resinous substance
collected by bees from plant sources *. The chemical
compounds of propolis are polyphenols (flavonoid
aglycones, phenolic acids, and their esters, phenolic
aldehydes, alcohols, and ketones), terpenoids, steroids,
amino acids, and inorganic molecules . Flavonoids are the
main components that exert various biological activities
and have been reported to inhibit the development of
carcinogen induced experimental mammary cancer **.
The anticancer activities of flavonoids may due to their
apoptotic effect *. Many biological properties, including
antibacterial, antifungal, antiviral, local anesthetic, anti-
inflammatory, antioxidant, hepatoprotective, immuno-
stimulating, and cytostatic activities have been also
described for propolis 2. The medical applications of
propolis led to an increase interest to its chemical
composition as well as its origin where they come from ®.

Apoptosis, the physiological mode of cell death,
is related to the regulation of development and
homeostasis in multicellular organism °. However, failure
to undergo apoptosis is one of the mechanisms of
oncogenesis and chemoresistance of transformed cells ’.
There are numerous stimuli that trigger apoptosis,
including withdrawal of essential growth factors or
hormones or engagement of various receptor/ligands
including Fas/Fas ligand and tumour necrosis factor
(TNF)/TNF receptor ®°. Furthermore, apoptosis is
regulated by several different genes, which potentiate
(p53; Bax; c-myc) or inhibit (Bcl-2; Bcl-xL; sentrin)
programmed cell death ***'. In addition, the signaling
pathway leading to apoptosis involves the sequential
activation of cysteine proteases known as caspases. It
has been well documented that caspase cascade involved
in apoptosis includes both initiator caspases and effector
caspases . Caspases-2, -8, -10, -12 and caspases-3, -6, -7
were described as initiator and effector caspases,
respectively.

Impairments in apoptotic signaling enable tumor
cells to avoid apoptotic cell death and grow into tumor
masses that are resistant to apoptosis *. Defects in
regulation of apoptosis have been detected in both
upstream and downstream of the apoptotic signal
pathway in many types of human tumor cells **,
Inducing apoptosis is one of the mechanisms for several
therapeutic agents as shown in propolis by a number of
studies **". Chen et al. has demonstrated that propolin
A, B and C inhibited the proliferation of human melanoma
cells through inducing a cytotoxic effect and triggering
apoptosis ¥,

We investigated whether apoptotic cell death can

triggered by the activation of caspase cascade in human
osteocarcinoma cell lines (SAOS-2) after treatment with
propolis, which is collected from different region in
Turkey and one of the extracts from Brasil.

MATERIAL and METHODS

Preparation of Ethanol Extracts of Propolis (EEP)

Seven propolis samples named with number (PE 1-7)
were collected from different region such as Tahtakopru,
Sakarya, Saricicek yaylasi, Canakkale, Brasil, Van, Yalova,
respectively. They were obtained from Hacettepe
University, Faculty of Science, Department of Biology,
Ankara, Turkey. They were hardened in a freezer and
ground in a handy grinder. Then, 100 g of sample were
dissolved in 300 ml ethanol (96%). This mixture was
periodically stirred and incubated for four weeks at 30°C
in a bottle closed tightly. After incubation, supernatant
was filtered twice with Whatman No. 4 and No. 1 filter
papers, respectively. The final filtered concentrated EEP
solution was diluted in 1:10 ratio (w/v) with ethanol
(96%). This diluted EEP solution was used for anti-
microbial activity test. A portion of the same diluted
solution was evaporated to dryness for GC-MS analysis.
Then, about 5 mg of residue was mixed with 75 ml of dry
pyridine and 50 ml bis(trimethylsilyl) trifluoroacetamide
(BSTFA), heated at 80°C for 20 min and then the final
supernatant was analyzed by GC-MS.

GC-MS Analysis

A GC 6890N from Hewlett-Packard (Palo Alto, CA,
USA) coupled with mass detector (MS5973, Hewlett-
Packard) was used for the analysis of the diluted EEP
samples. Experimental conditions of GC-MS system
were as follows: DB 5MS column (30 mx0.25 mm and
0.25 um of film thickness) was used and flow rate of
mobile phase (He) was set at 0.7 ml/min. In the gas
chromatography part, temperature was kept for 1 min
at 50°C and then increased to 150°C with 10°C/min
heating ramp. After this period, temperature was kept
at 150°C for 2 min. Finally, temperature was increased
to 280 with 20°C/min heating ramp and then kept at
280°C for 30 min.

Cell Line and Cell Culture

The human osteocarcinoma cell line, SAOS-2, was
purchased from the Animal Cell Culture Collection,
HUKUK (Ankara, TURKEY). This adherent tumor cell line
was maintained in RPMI 1640 (Sigma Chemical Co., St
Louis, Missouri, USA) supplemented 10% heat inactivated
fetal calf serum (FCS) (Sigma Chemical Co., St Louis,
Missouri, USA), and 1% L-glutamine (Sigma Chemical



Co., St Louis Missouri, USA). Cells were cultured in a
humidified atmosphere at 37°C in 5% CO2. When the
cells were confluent, they were routinely subcultured
using 0.25% trypsin-EDTA solution (Sigma Chemical Co.,
St Louis, Missouri, USA). Cells (6x104/ml/well) were
cultured in twenty four-well plates for 24 h and then
were incubated with propolis extracts of 0.5, 0.25, 0.125
and 0.063 mg/ml for 24 h. Untreated SAQS-2 cells were
used as control group. All experiments were done in
triplicate for each extract. After 24 h, the cells were
either collected for viability and proliferation assays or
fixed with 4% paraformaldehyde for immunohisto-
chemical and TUNEL assays.

Cell Viability and Proliferation Assays

MTT assay, reduction of 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide to a purple formazan
product was used to estimate cell viability and
proliferation. Cells were incubated in humidified 5% CO2
(in air) at 37°C with 0.5 mg/ml of MTT in the last 4 h of
the culture period tested. SAOS-2 cells without any
treatment were used as a positive control for all extracts.
The medium was then decanted and 1 ml dimethyl-
sulphoxide (DMSO, Sigma Chemical Co., St Louis,
Missouri, USA) was added to each well to ensure
dissolving of the formazan salts. The absorbance was
immediately determined at 570 nm in an UV- visible
spectrophotometer multiplate reader (VersaMax,
Molecular Device, USA). All experiments were done in
triplicate for each extract *.

In situ Cell Death Detection Assay

Immunohistochemical detection of cells undergoing
DNA fragmentation was carried out using a terminal
deoxynucleotidyltransferase-biotin nick end-labelling
(TUNEL) method with a commercial in situ apoptosis
detection kit (Dead End Colorimetric TUNEL system,
Promega G7130). Cells, which were cultured in twenty
four-well plates, fixed with 4% paraformaldehyde in PBS
at 4°C for 30 min. After washing with in PBS twice for 3
min, they were incubated with 20 mg/ml proteinase K
for 10 min. The cells were rinsed with PBS. Endogenous
peroxidase activity was inhibited by 30 min incubation in
3% hydrogen peroxide in methanol at room temperature,
and they were then washed several times in PBS. After
that the samples were then incubated with equilibration
buffer for 5 min and TdT-enzyme for 60 min at 37°Cin a
humidified atmosphere. The reactions were stopped by
adding 2xSCC solution for 15 min at room temperature.
They were then washed with PBS three times for 5
min. and incubated with streptavidin-peroxidase for
45 min. Each step was separated by careful washing
in PBS and then incubated with a solution containing
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diaminobenzidine (DAB, Sigma Chemical Co., St Louis
Missouri, USA) 50 ul for each samples for 5 min to
visualize immunolabeling. Samples were then mounted
with mounting medium (AMLO60, Scytek, Logan, Utah,
USA) and viewed using an IX71 invert- fluorescence-
phase microscope (Olympus, Tokyo, Japan). As negative
staining control for TUNEL, TdT was omitted during the
tailing of reactions. All experiments were done in triplicate
for each extract. Staining was examined independently
by two of the authors, who had no information about
the samples. TUNEL positive cells were counted randomly
chosen fields per case and data was given as a percentage.
The percentage of apoptotic cells stained brown was
determined. Cells in areas with necrosis or poor
morphology were not analyzed *.

Immunohistochemical Assay

Cultures were also assessed immunocytochemically
for binding of antibodies against caspase-6, caspase-8
and caspase-9. Samples were fixed with 4% para-
formaldehyde in PBS at 4°C for 30 min. After washing
with 0.1% Triton X-100 in PBS (PBST) twice for 3 min,
they were permeabilized with PBST at 4°C for 15 min.
Endogenous peroxidase activity was quenched by
incubation with 3% H20:2 for 30 min at room temperature.
Cells were then washed with PBS, and incubated with
primary antibodies: anti-caspase-6 (Biocarta, USA), anti-
caspase-8 (Neomarkers, Fremont, CA) and anti-caspase-
9 (Neomarkers, Fremont, CA) in 1:100 dilutions in PBS,
for 2 h. The cells were then incubated with biotinylated
IgG (supplied ready to use by Zymed) for 30 min, followed
by three washes in PBS and then with streptavidin-
peroxidase conjugate (supplied ready to use by Zymed)
for 30 min (Histostain-Plus Bulk Kits; Zymed, San Francisco,
CA) and washed with PBS three times. They were
incubated with a solution containing diaminobenzidine
(DAB, supplied ready to use by Zymed) 50 pl for each
samples (Histostain-Plus Bulk Kits; Zymed, San Francisco,
CA) for 5 min to visualize immunolabeling. The negative
immunohistochemistry controls received the same
treatment as described above, but those were incubated
with rabbit 1gG or mouse IgG instead of the primary
antibody. Samples were then mounted with mounting
medium (AMLO60, Scytek, Logan, Utah, USA) then viewed
using an IX71 invert-fluorescence-phase microscope
(Olympus, Tokyo, Japan). All experiments were done in
triplicate for each extract. Immunohisto-chemistry were
evaluated semiquantitatively using an additive immuno-
reactive score that is negative (-), weak (%), mild (+),
moderate (++) and strong (+++) reflecting signal intensity *.

Statistical Analysis

Comparable data groups were evaluated using non-
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parametric Kruskal-Wallis test. A p value lower than
0.05 was considered significant 2.

RESULTS

Cell Morphology

SAQS-2 cells were epithelial-like cells (Fig. 1) and
were subcultured every 3 days. After treatments with
propolis extracts, the morphology of SAOS-2 cells were
found different compaired to that of control group.
Their morphological features for apoptosis such as
shrinkage of cells, condensation of chromatin were seen
after treatment with all propolis extracts. However, the
number of cells in some treated group was also less
because of cell death (Fig. 2).

Fig 1. SAOS-2 cells after 24 h of culture period. They were
growing as epithelial-like cells. Scale Bar: 25 pm

Sekil 1. 24 saatlik kultir periyodunda SAOS-2 hiicreleri. Bu
epitel benzeri hiicrelerin cogalmasi. Blyutme ¢izgisi 25 pm

Cell Proliferation

SAOS-2 cells were treated with PE at various
concentrations for 24 h, and the cell viability was
determined as described above by MTT assay. As shown
in Fig. 2, all PE inhibited the growth of SAOS-2 cells in a
dose-dependent manner. In addition, except PE 5 all PE
in 0.5 mg/ml dilution were accelerated of proliferation
of SAOS-2 cells. However this effect was gradually
decreased in other dilutions (Fig. 2). In contrast to that,
the 0.125 mg/ml of PE 7 was more effective on inhibition
of SAOS-2 cell proliferation when compared with other
extracts and dilutions (Fig. 2).

Effect of Propolis Extracts on Apoptosis
Induction of SAOS-2 Cells

After treatment of SAOS-2 cells with seven types of
propolis extracts for 24 h, the determination of apoptotic
cells with TUNEL, the distributions of caspase-6, -8 and -
9 with indirect immunohistochemistry were analyzed.
The increased of numbers of TUNEL positive cells in all
treated groups were significant when compared with
control group (Fig. 3). Propolis induced apoptosis in a
dose-dependent manner and the effective dilutions of
propolis extracts 4 and 5 at 0.0637 mg/ml, and 7 at
0.125 mg/ml were determined (Table 1). According to
the MTT assay, while proliferation was induced treated
with 0.5 mg/ml dilution, cytotoxicity was observed in
less dilutions of PE (except PE 5). After TUNEL assay, the
number of apoptotic cells were increased in less dilution
when compared with dense dilutions. This result were
resembled with MTT assay results.

After immunohistochemical evaluation, the immuno-
reactivities of caspase-6, -8 and -9 were negative in SAOS-
2 cells with treated 0.5 and 0.25 mg/ml dilutions from all
type of extracts. While the immunoreactivities of caspase-6

MTT ANALYSES OF SAOS-2 CELLS WITH PROPOLIS

0,6
ECON mD2

ABSORBANCE

EXTRACTS

OD4 DOD8

0,5
0,3
0,2 -
i
PE1 PE2 PE3 PE4 PES PE6 PE7

mDI6

Fig 2. MTT analyses of SAOS-
2 cells treated with various
type and dilutions of PE

Sekil 2. PE'nin gesitli dilus-
yonlari ve tipleri uygulanmis
SAOS-2 hiicrelerinin MTT
analizleri
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Table 1. The percentage of TUNEL positive SAOS-2 cells treated with various type and dilutions of propolis extracts (PE). The data
were given as mean+SEM, * P<0.001

Tablo 1. Propolis ekstraktlarinin cesitli diltisyonlart ve tipleri uygulanmis SAOS-2 hiicrelerinin TUNEL pozitifligi yiizdesi. Veriler
ortalama=SEM ile gosterildi, * P<0.001

mg/ml PE 1 (%) PE 2 (%) PE 3 (%) PE 4 (%) PE 5 (%) PE 6 (%) PE 7 (%)
0.5 0 23+2.12 0 8.6:0.89 424044 7.3+0.28 2424051
0.25 12234 21+1.00 6.96+0.57 7.5+0.35 15.8+1.79 23+0.71 3.90.82
0.125 23+2.12 22.4+0.89 31+2.00 7.08+0.08 741037 20+1.41 79.6+2.81*
0.063 20+1.41 19:1.73 8.8+1.79 82.4+2.51* 86.2+3.63* 26.06£0.69  27.58+1.52*

Table 2. The staining intensity of anti-caspases-6, -8 and -9 in SAOS-2 cells treated with various types and PE dilutions
Tablo 2. PE'nn cesitli diliisyonlart ve tipleri uygulanmis SAOS-2 hlicrelerinde kaspaz-6, -8 ve 9'un boyama yogunlugu

SAOS-2 mg/ml Caspase-6 Caspase-8 Caspase-9
= ] ;
g : it ¥
PE 3 0125 " - :
Pe 4 0125 . .
0125 - .
00 " 0 :
PE 7 0.063 ++ +/- +/-

0.125 + ++ ++
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and -8 were detected in treated SAOS-2 cells with all type
of extracts, the intensity of caspase-9 was less or negative
(-), except at 0.125 mg/ml dilution of PE 7 (Table 2). The
moderate (++) expressions of caspase-6 were observed
PE 4 and PE 5 at dilutions 0.0637 mg/ml, and PE 7 at
0.125 mg/ml dilution (Fig. 4). In addition the moderate
(++) immunoreactivities of caspase-8 and -9 were
detected only in SAOS-2 cells treated with PE 7 at
0.125mg/ml dilution, these intensities were more
detectable than other extracts and dilutions (Table 2).

caspase pathway after treated with less dilutions. The
proliferation of SAOS-2 cells was suprisingly induced
after treated with 0.5 mg/ml dilutions of PE (except PE
5). However, cytotoxicity was increased in less dilutions
of PE (except PE 5). After both TUNEL and immunohisto-
chemical results, while the number of effected cells
after treated with PE were less in dense dilution, the
number of TUNEL positive cells and immunoreactivities
of caspase-6, -8 and -9 were strongly detected after
tretaed with less dilutions. This results suggested that

Caspase-6 Caspase-8 Caspase-9
A FEDRat B . I’.'_
PE4 bl T e . e
0.125 5§ , SO 9 = s 2 S
mg/ml A % P g X y:
PE4
0.063
mg/ml
Fig 4. The distribution of caspase-6,
PE5 caspase-8 and caspase-9 in PE 4, PE
0.125 5 and PE 7 with 0.125 mg/ml and
mg/ml 0.063 mg/ml dilutions of SAOS-2
cells. Scale Bar: 25 um
Sekil 4. SAOS-2 hiicrelerinin PE 4, PE
5 ve PE 7'nin 0.125 mg/ml and 0.063
PES mg/ml dilisyon uygulamalarinda
0.063 caspase-6, caspase-8 ve caspase-9
mé/ml dagilimi. Buyltme ¢izgisi: 25 pm
PE7
0.125
mg/ml
PE7
0.063
mg/ml
DISCUSSION

This research was performed to evaluate the effect
of Propolis, which collected from different region of
Turkey and Brasil, on the SAOS-2 osteosarcoma cell line
via apoptotic pathway. Our data show that the propolis
extracts were induced cell death and triggered of

propolis may have both proliferation and cytotoxity
on SAQS-2 cells, but these effects could depend on
concentration of propolis extracts. In addition, the
caspase activity was not triggered with dense dilution,
therefore the proliferation of SAOS-2 cells were observed.
But, the proliferation of SAOS-2 cells in control group
were more or less similar with 0.5 mg/ml dilution of PE



5 treated cells. Therefore, different PE may have different
effect on different cell type. In our results, PE 7 was
more effective in both apoptosis and caspase activation.

The chemical composition and pharmacological
activities of propolis may different according to the
geographical and botanical origin *. In a recent study
demonstrated that Taiwanese propolis, propolin A and
propolin B, were inhibited five cancer cell lines growth
in dose-dependent manner ****?, The mechanisms of
the antitumor activity of propolis have been shown to be
through the induction of cell cycle arrest, differentiation
and initiation of apoptosis **.

In the present study, the different propolis extracts
were effected differently inhibition of growth and cell
death. The PE 4, 5 and 7 in 0.063 mg/ml dilution were
more effective than other types of PE on SAOS-2 cell
death. The TUNEL positive cells were more detectable in
PE 4 and 5 at 0.063 mg/ml dilutions, however these
effect may originated from cytotoxicity. After immuno-
histochemical evaluation, immunoreactivity of caspase-
9 was weak or negative in all type of propolis extracts
and dilutions. In addition, moderate immunoreactivity
of caspase-6 was observed especially with 0.063 mg/ml
dilutions of PE 4-5 and 0.125 mg/ml dilutions of PE 7
and treated groups. Therefore, the induction of apoptosis
after propolis treatment could control programme cell
death via extrinsic pathway using activation of caspase 8
and 6. In addition, moderate immunoreactivity of
caspase-6, -8 and -9 were detected on SAOS-2 cells
treated with PE 7 at 0.125 mg/ml dilution. Therefore, PE
7 may induced of cell death via both intrensec and
extrensec pathways of apoptosis. This results supported
that different type of PE could differ effect on cells after
treated with different dilutions.

The caspase family plays an important role in both
extrinsic and intrinsic pathway of apoptosis *. The
caspase family includes 14 members, while the caspase-
8 and -9 play a role in extrinsic and intrinsic pathway
respectively, the caspase-6 express after activation of
both apoptotic pathways with caspase-3. In our study
suggested that the caspase pathway was activated after
treatment with propolis extracts via caspase-8 expression
and later on caspase-6 secretion. Apoptosis inducers are
currently being used in cancer therapy *. In addition,
different type of propolis extracts from different country
was also induced caspase-dependent or independent
apoptosis in different cancer cells ?°. Human tumor
cells escape apoptotic cell that by avoiding the activation
of upstream apoptotic signals and /or by upregulation of
inhibitory factors in the apoptotic signal pathway ****3*3,
Vatansever et al.* were demonstrated that different
types of PE triggred the initiation of apoptosis on MCF-7
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cells. While they were observed proliferation of MCF-7
cells after treated with dense dilutions of PE, induced of
apoptosis in association with increased number of
TUNEL positive cells were detected PE 5 and PE 6
extracts at 0.125 mg/ml dilutions *. In this study, PEs
were triggered via caspase cascade increased expression
of both caspase-8 and caspase-6 on SAOS-2 cells. In
addition, on PE 4, 5 and 7 treated-SAOS-2 cells, expressions
of both caspase-8 and caspase-6 were increased when
compared with caspase-9 staining.

In conclusion, the mechanisms of apoptosis in
propolis-treated tumor cell lines are still questionable.
Propolis-induced apoptosis may be via the activation of
caspase-8 and caspase-6, and the less activating of
caspase-9, leading and causing of apoptosis on SAOS-2
cells. Propolis extracts were exhibited a dose-dependent
inhibition of cellular proliferation and activation of
apoptosis in the SAOS-2 cells. Additionally, extracts 4, 5
and especially 7 were induced more cytotoxic effect
than other type of propolis extracts. Especially, PE 7 at
0.125 mg/ml dilution may suitable for treatment of
SAOS-2 cells because of both induction of cell death and
caspase activity. However, further in vivo studies are
needed to establish the role of propolis extracts as a
chemopreventive and/or therapeutic agent for cancer.
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