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Abstract: Ethanolic extract of propolis (EEP) is one of the richest sources of phenolic
acids and flavonoids. EEP and its phenolic compounds have been known for various
biological activities including immunopotentiation, chemopreventive and antitumor effects.
Tumor necrosis factor related apoptosis inducing ligand (TRAIL) is a naturally occurring
anticancer agent that preferentially induces apoptosis in cancer cells and is not toxic
toward normal cells. We examined the cytotoxic and apoptotic effect of EEP and phenolic
compounds identified in propolis in combination with TRAIL on HeLa cancer cells. HeL.a
cells were resistant to TRAIL-induced apoptosis. Our study demonstrated that EEP and its
components significantly sensitize to TRAIL induced death in cancer cells. The percentage
of the apoptotic cell after exposure to 50 pg/mL EEP and 100 ng/mL TRAIL increased to
71.10£1.16%. The strongest cytotoxic effect in combination with TRAIL on HeLa cells
exhibited apigenin and CAPE at the concentration of 50 uM (58.87+0.75% and
49.59+0.39%, respectively). In this report, we show for the first time that EEP markedly
augmented TRAIL mediated apoptosis in cancer cells and confirmed the importance of
propolis in chemoprevention of malignant tumors.

Keywords: Propolis and its phenolic compounds; TRAIL; Cancer cells; Apoptosis;
Chemopreventive effect; Antitumor activity.
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1. Introduction

Cancer is one of the major public health burdens in Europe and United States of America causing
approximately 7 million deaths every year worldwide. More than 11 million people are diagnosed with
cancer every year and it is estimated that by 2020 there will be 16 million new cases per year [1]. The
epidemiologic findings strongly suggest that cancer rates are influenced by environmental factors
which are largely preventable, including diet [2]. Therefore, there is need to develop mechanism-based
approaches for the management of cancer. Beside the present major treatment modalities for cancer
include surgery, chemotherapy, immunotherapy and radiotherapy for the reduce cancer incidence and
mortality rates the great significance have cancer prevention.

Chemoprevention is a rapidly growing area of oncology which focuses on prevention of cancer
using naturally occurring or synthetic agents. In addition to inhibiting or delaying the onset of
neoplasia by blocking neoplastic inception, chemoprevention plays a role in preventing the
development of invasive and metastatic properties in established neoplasm. The term
“chemoprevention” was first introduced by Dr Michael Sporn [3-6]. Chemoprevention of cancer thus
differs from cancer treatment in that the goal of this approach is to decrease the rate of cancer
incidence and death from cancer through pharmacological interventions relying on prevention rather
than cure.

Propolis (bee glue) is a natural resinous product of honey bees. The cancer inhibitory effects of
phenolic compounds in propolis have been confirmed on a variety of culture cell lines and animal
tumor models [7,8]. Epidemiological and preclinical evidence suggest that phenolic and polyphenolic
phytochemicals in propolis possess cancer chemopreventive properties [3,4,9]. This has led to an
increased emphasis on cancer prevention strategies in which propolis is used as dietary supplement as
the richest source of plant phenolics and polyphenolics.

Several mechanisms contribute to the overall cancer preventive and antitumor effects of propolis
and its phenolic components. Further study demonstrated that flavonoids, phenolic acids, as well as
EEP inhibit the cancer cell cycle progression, cell proliferation and tumor growth, prevent tumor
metastasis, induce cell-cycle arrest and apoptosis [7-11].

The role of host immune functions has become increasingly important in our understanding of the
mechanisms involved in prevention of malignant diseases. EEP stimulated nonspecific immunity,
activated humoral immunity and enhanced cell-mediated immunity [9,12-15]. The enhancement of
host immune function by propolis may be beneficial to cancer chemoprevention.

Tumor necrosis factor related apoptosis inducing ligand (TRAIL) is a member of TNF superfamily
capable of selectively inducing apoptosis in cancer cells with no toxicity against normal tissues.
Soluble or expressed on lymphocytes T, macrophages and NK cells molecules TRAIL play an
important role in immune surveillance and defense mechanism against tumor cells. The cytotoxic
effector functions of those immune cells are important for enabling the immune system to cope
efficiently with malignancy. TRAIL induces programmed death in various cancer cells through its
interaction with the death-domain containing receptor TRAIL-R1 (death receptor 4 — DR4) and/or
TRAIL-R2 (death receptor 5 — DRS) [16].
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However, some tumor cells are resistant to TRAIL-mediated cytotoxicity. The decreased expression
of death receptors TRAIL-R1 and TRAIL-R2 or increased expression of antiapoptotic protein in
cancer cells were involved in TRAIL-resistance [17]. We and others have shown that TRAIL-resistant
cancer cells can be sensitized by chemotherapeutic agents, ionizing radiation or dietary polyphenols
[18-20].

Figure 1. Chemical structures of the phenolic compounds used in this study.
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This study was designed to investigate the apoptotic and/or cytotoxic effect of EEP and some of the
phenolic compounds found in our sample of propolis [13] (Figure 1) with or without TRAIL on HeLa
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cells. We showed for the first time that EEP sensitizes HeLa cell to TRAIL induced apoptosis. Our
results indicated that EEP markedly augmented TRAIL mediated apoptosis in cancer cells. The
overcome of TRAIL-resistance in tumor cells by propolis and its phenolic components may be one of
the mechanisms responsible for their cancer chemopreventive effects.

2. Results and Discussion

In our search for novel strategies to target tumor cell resistance, we investigated the antitumor effect
of the chemopreventive agents, propolis and its phenolic components on the induction of cell death in
HeLa cancer cells. EEP has been shown to induce apoptosis in cancer cells in vitro and in vivo [7,8].
Apoptosis plays a critical role in the pathogenesis of tumor disease. We and others have demonstrated
that treatment of cancer cells with propolis inhibited cell proliferation by induced cytotoxicity and
apoptosis [7,8,9,11]. EEP inhibited growth and induced apoptosis in HeLa cancer cells in a dose
dependent manner. We showed that after incubation for 48 hours, EEP at the concentrations of 5, 25
and 50 pg/mL induced 1.45+0.54%, 4.21+£0.5%, 19.62+0.96% cell death, respectively. The annexin V
assay revealed apoptotic cells exposed to EEP (Figure 2).

Figure 2. EEP induced apoptosis in HeLa cells. The cancer cells were incubated for 48
hours with EEP at the concentrations of 5 — 50 ug/mL. Detection of apoptotic cell death by
annexin V-FITC staining using flow cytometry.
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The major active components of propolis are flavonoids and phenolic acids present in EEP at the
levels of 25-30%; they have many biological and pharmacological activities including
immunopotentiation and antitumor effects [8,9,10,13,21].

We investigated the cytotoxic effect of thirteen phenolic components of propolis: cinnamic acid,
0-coumaric acid, m-coumaric acid, p-coumaric acid, caffeic acid, caffeic acid phenylethyl ester
(CAPE), chrysin, apigenin, acacetin, galangin, kaempferol, kaempferid, quercetin on HeLa cancer
cells. These compounds were detected and isolated after thin-layer chromatography (only qualitative
analysis) from our EEP sample [13]. Cytotoxicity of phenolic acids and flavonoids at concentrations of
50 uM on HeLa cell line measured by the MTT assay are depicted in Figure 3. The strongest cytotoxic
activity on HeLa cells was demonstrated by kaempferid (15.94+0.71%), apigenin (15.66+0.53%) and
quercetin (15.36+0.66%). Among phenolic acids the greatest cytotoxic activity was associated with
para- hydroxylation (p-coumaric acid). Apigenin and kaempferol exhibit similar B ring structures. The
presence of a hydroxyl group in position 3 (kaempferol) decreased its cytotoxicity in comparison to
apigenin. Methoxylation of the hydroxyl group in position 4’ in ring B, increased (kaempferid versus
kaempferol) or decreased (acacetin versus apigenin) this activity. The presence of a hydroxyl group in
position 3 decreased the cytotoxic effects only in case of a compound with q hydroxyl group in
position 4’ (kaempferol versus apigenin). Activities of chrisin and galangin were similar. The higher
activity of apigenin than kaempferol may be at least partially dependent on its ability to react with
reactive oxygen species (ROS) that are important in induction of apoptosis. The hydroxyl group in
position 3 of kaempferol is coupled with the carbonyl group in position 4 and the hydroxyl group in
position 4 and can determne its redox activity compared to apigenin where the hydroxyl group in
position 4’ is coupled with a carbonyl group. Early investigation showed stimulation of luminol
oxidation by hydrogen peroxide with horseradish peroxidase by apigenin and p-coumaric acid. The
presence of a hydroxyl group in position 4’ (apigenin) stimulated the reaction, but a hydroxyl group in
position 3 and a hydroxyl group in position 4’ (kaempferol) or two hydroxyl groups in the B phenyl
ring and in position 3 (quercetin) inhibited this reaction. This reaction was inhibited by acacetin
(-OCHj3 in position 4’) and 0- and m-coumaric acid [22]. The importance of hydroxyl groups in
polyphenols has been underscored by other authors [23-25]. Also the cytotoxic effect of phenolic
compounds may depend on lipophilicity that is very important for penetration into cells. The
maximum solubility of apigenin in culture medium is smaller than that of kaempferol and quercetin
[23]. On the other hand, lipids and proteins present in biological membranes facilitate the
solubilization of polyphenols. Differences in cell membrane structures and metabolic activation of
chemicals can also affect their activity. Similar cytotoxic activity of phenolic compounds has been
reported by other authors [23,24,26].

TRAIL induces programmed death in various cancer cells in vitro and in vivo [16]. However, some
tumor cells are resistant to TRAIL-mediated cytotoxicity [17]. Figure 4 presents TRAIL induced
apoptosis in HeLa cancer cells determined by annexin V staining followed by flow cytometry. The 48
hours’ exposure to TRAIL increased the percentage of apoptotic cells in a dose-dependent manner.
TRAIL was less active against HeLa cells. For example, exposure to 100 ng/mL TRAIL induced
apoptosis of 5.15+1.18% of cancer cells. We have confirmed that HeLa cells are resistant to TRAIL
[27]. Previous reports have suggested that the sensitivity cancer cells to TRAIL-induced apoptosis can
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be correlated to the relative expression of death receptors TRAIL-R1 and TRAIL-R2 or intracellular

levels of antiapoptotic protein (survivin, Bel-xL, Bcl-2, inhibitor of apoptosis) [17].

Figure 3. Cytotoxic activity of EEP phenolic components in HeLa cells. The cancer cells

were incubated for 48 hours with the compounds at the concentrations of 50 uM. The

percentage of death cells was measured by MTT cytotoxicity assay.
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TRAIL induced the cytotoxic effect in cancer cells on the apoptotic way. The necrotic cell death
percentage of HeLa cells examined by Apoptest-FITC and lactate dehydrogenase assay was near 0%.
The widespread occurrence of dysfunctions of the immune system require new approaches.
Immunomodulation through natural or synthetic substances may be considered as alternative for the
prevention and cure of infections or tumor disease [15]. Immunomodulatory effects of propolis and its
phenolic components have been recorded. Macrophages, cytotoxic lymphocytes and NK cells play an
important role in antitumor response. Treatment of mice with water extract of propolis modified
tumoricidal activity of their immune cells [9,12-15].

Our study showed the impact of propolis and its phenolic compounds on the anticancer immune
defense and the interaction between propolis or its bioactive constituents with TRAIL. As shown in
Figures 2 and 4, EEP or TRAIL alone induced little apoptotic effect on HeLa cells. We then tested
EEP in combination with TRAIL on cancer cells. Surprisingly, we found that EEP strongly cooperated
with TRAIL to induce apoptosis in HeLa cells. The percentage of the apoptotic cells after 48 hours’
exposure to 50 pg/mL EEP and 100 ng/mL TRAIL was elevated to 71.10 £ 1.16% (Figure 5). Propolis
restored sensitivity of the tumor cells to TRAIL. For the first time our results demonstrated that EEP
markedly augmented TRAIL mediated apoptosis in cancer cells.

EEP enhanced the apoptosis-inducing potential of TRAIL and sensitized TRAIL-resistant HeLa
cells. Further investigations will be required to explain the molecular mechanisms and cellular
signaling pathways by which EEP sensitizes cancer cells to TRAIL induced death.

It has been suggested that a great deal of biological activities of propolis is mainly mediated by the
presence of flavonoids and phenolic acids in it. These phenolic compounds can induce activities of the
immune system and exert anitumor effects [9,11,13]. We investigated the cytotoxic effect of phenolic
components of propolis in combination with TRAIL on HeLa cancer cells. All those compounds were
detected in our sample of EEP [13]. Cytotoxic effect of phenolic acids or flavonoids combined with
TRAIL in HeLa cell line measured by MTT assay is shown in Figure 6.

As shown in Figure 3, little cytotoxicity was observed by the phenolic components of propolis.
Those phenolic compounds in combination with TRAIL increased the percentage of cell death
compared to cytotoxicity of TRAIL alone. The phenolic acids and particularly flavonoids restored
TRAIL sensitivity in TRAIL-resistant HeLa cells.

The therapeutic effects of propolis depend mainly on the presence of flavonoids. As reported, these
polyphenols modulated the anticancer activity of the immune system [9,13,15]. In our study apigenin
markedly augmented TRAIL mediated death of HeLa cells and exhibited the strongest cytotoxic effect
in combination with TRAIL. The cotreatment of apigenin with TRAIL drastically caused an increase
of cell death in Hela cells to 58.87+0.75%, compared to single agents. The activity of apigenin was
associated with hydroxyl group in position 4’ and its ability to react with free radicals. Additionaly a
hydroxyl group in position 3 (kaempferol) decreases cytotoxic effect. Increase of cytotoxicity in the
presence of TRAIL and quercetin (two hydroxyl groups in ring B) was lower than in case of
kaempferol.

A small number of similar studies with flavonoids in combination with TRAIL showed that
apigenin, luteolin, quercetin and kaempferol synergistically induced apoptosis with TRAIL in human
malignant tumor cells [20, 27-30]. Horinaka et al. reported that luteolin increased TRAIL-induced
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apoptosis in HeLa cells through upregulation of death receptor TRAIL-R2 (DRS) [27]. Horinaka et al.
in another investigation also showed enhancement of the apoptosis-inducing potential of TRAIL in
DU145 prostate cancer cell line, Jurkat leukemic cell line and DLD1 colon cancer cell line. The
combined use of apigenin and TRAIL caused Bcl-2-interacting domain cleavage, activation of
caspases and increase expression of TRAIL-R2 [28]. Yoshida et al. determined that TRAIL-R2
upregulation by kaempferol augmented TRAIL action in colon cancer cells [29].

Figure 4. TRAIL induced apoptosis in HeLa cells. The cancer cells were incubated for 48
hours with TRAIL at the concentrations of 50 — 200 ng/mL. Detection of apoptotic cell
death by annexin V-FITC staining using flow cytometry.
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Kim et al. examined the molecular mechanisms by which quercetin augmented TRAIL-mediated
apoptotic death in prostate cancer cells and confirmed the ability of quercetin to down-regulation of
survivin expression. Among other inhibitors the authors added to cell as an inhibitor of extracellular —
signal regulated protein kinase (ERK) PD98059, which is flavone derivative (2’-amino-3’-methoxy-
flavone) and significantly maintained the intracellular level of survivin [30].

We also demonstrated for the first time that CAPE in combination with TRAIL enhanced the
cytotoxic potential of the ligand (49.59+0.39% of cell death) and beside apigenin equally firmly
sensitized TRAIL-resistant HeLa cells.
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Figure 5. TRAIL induced apoptosis in combination with EEP in HeLa cells. Detection of
apoptotic cell death by annexin V-FITC staining using flow cytometry. (A) The cancer
cells were incubated for 48 hours with TRAIL at the concentration of 50 — 200 ng/mL and
EEP at the concentration of 5 — 50 pg/mL and the cancer cells were incubated for 48 hours
with TRAIL at the concentration of 100 ng/mL and EEP at the concentration of 5 — 50
pg/mL. (B) The same data was presented in 3-D figure.
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Figure 6. Cytotoxic activity of EEP phenolic components in combination with TRAIL in
HeLa cells. The cancer cells were incubated for 48 hours with the compounds at the
concentrations of 50 uM and TRAIL at the concentrations of 100 ng/mL. The percentage

of cell death was measured by MTT cytotoxicity assay.

Control

TRAIL 100 ng/mL

Cinnamic acid 50 yM + TRAIL 100 ng/mL
o-Coumaric acid 50 yM + TRAIL 100 ng/mL
m-Coumaric acid 50 pM + TRAIL 100 ng/mL
p-Coumaric acid 50 uM + TRAIL 100 ng/mL

Caffeic acid 50 uM + TRAIL 100 ng/mL

Caffeic acid phenylethyl ester (CAPE)
50 puM + TRAIL 100 ng/mL

Chrysin 50 uM + TRAIL 100 ng/mL
Apigenin 50 uM + TRAIL 100 ng/mL
Acacetin 50 uM + TRAIL 100 ng/mL
Galangin 50 uM + TRAIL 100 ng/mL

Kaempferol 50 uM + TRAIL 100 ng/mL
Kaempferid 50 uM + TRAIL 100 ng/mL

Quercetin 50 uM + TRAIL 100 ng/mL

0

Cytotoxicity [%)]

10 20 30 40 50 60 70

Kruskal-Wallis Test: H ( 14, N= 120) =117.2839 p =0.0000

Post hoc test

p= 1 2 3 4 5 6
Control 1 1 05621  0.4055 1 0.0245
TRAIL 100 ng/mL 2 1 1 1 1 0.1347
Cinnamic acid 50 pM + TRAIL 100 ng/mL 3 0.5621 1 1 1 1
0-Coumaric acid 50 pM + TRAIL 100 ng/mL 4 0.4055 1 1 1 1
m-Coumaric acid 50 uM + TRAIL 100 ng/mL 5 1 1 1 1 0.6207
p-Coumaric acid 50 pM + TRAIL 100 ng/mL 6 0.0245 0.1347 1 1 0.6207
Caffeic acid 50 uM + TRAIL 100 ng/mL. 7 1 1 1 1 1 1
CAPE 50 puM + TRAIL 100 ng/mL 8 2.34E-07 3.56E-06 0.1470 0.2098 4.57E-5 1
Chrysin 50 uM + TRAIL 100 ng/mL 9 0.0004 0.0036 1 1 0.02521 1
Apigenin 50 uM + TRAIL 100 ng/mL 10 1.3E-07 2.34E-07 0.0270  0.0403 3.71E-06 0.6072
Acacetin 50 pM + TRAIL 100 ng/mL 11 4.41E-5 0.0004 1 1 0.0037 1
Galangin 50 puM + TRAIL 100 ng/mL. 12 3.56E-06 441E-5 06556 0.8953 0.0004 1
Kaemferol 50 pM + TRAIL 100 ng/mL 13 1 1 1 1 1 1
Kaemferid 50 uM + TRAIL 100 ng/mL 14 0.0036  0.0245 1 1 01381 1
Qercetin 50 uM + TRAIL 100 ng/mL 15 1 1 1 1 1 1

7 8 9 10 1 12
1 2.34E-07 0.0004 1.25E-08 4.41E-5 3.56E-06
1 3.56E-06 0.0036 2.34E-07 0.0004 4.41E-5
1 01470 1 00270 1  0.6556
1 02098 1 00403 1 08953
1 457E-5 0.0252 3.71E-06 0.0037 0.0004
1 1 1 06072 1 1
0.0081 1 0.0010 0.2543 0.0501
0.0081 1 1 1 1
1 1 1 1 1
0.0010 1 1 1 1
0.2543 1 1 1 1
0.0501 1 1 1 1
1 00387 1  0.0060 08673 0.2023
1 1 1 1 1 1
1 0.0004 0.1313 4.24E-5 0.0238 0.0035

PR e e e e

-

0.0387
1

0.0060
0.8673
0.2023

747



Molecules 2009, 14 748

The previous study suggested that flavonoids increased expression TRAIL-R2. We hypothesize that
propolis, as one of the richest sources of flavonoids such as apigenin, kaempferol or quercetin, could
be a modulator of the expression of death receptors for TRAIL. Further investigation will be required
to recognize and explain the molecular mechanisms by which EEP and its compounds act on cellular
signaling pathways and sensitize cancer cells to TRAIL induced apoptosis.

The necrotic cell death percentage of HeLa cells incubated with EEP at the concentrations of 5 — 50
pg/mL or its phenolic components with or without TRAIL, examined by lactate dehydrogenase (LDH)
leakage was near 0%.

The sequence of drug administration is important to obtain maximum therapeutic benefits in a
mixed therapy. We therefore examined weather cotreatment of HeLa cells with EEP and TRAIL
induced greater apoptosis than the concurrent pretreatment with EEP followed by TRAIL and vice
versa (Figure 7).

Figure 7. TRAIL induced apoptosis in combination with EEP, after and before exposure to
EEP in HeLa cells. Detection of apoptotic cell death by annexin V-FITC staining using
flow cytometry. HeLa cancer cells were: 1) treated with EEP in combination with TRAIL
for 48 hours, 2) pretreated with EEP for 24 hours, followed by TRAIL for another 24 hours
and 3) pretreated with TRAIL for 24 hours, followed by EEP for another 24 hours.
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Interestingly, the cotreatment of HeLa cells with EEP in combination with TRAIL induced greater
apoptosis than concurrent pretreatment or single agent alone. Reverse sequence of treatments:
pretreatment EEP followed by TRAIL or pretreatment TRAIL followed by EEP has resulted in a
significantly smaller apoptosis than in the cotreatment of EEP and TRAIL.
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Among considered mechanisms of cell apoptosis in the presence of TRAIL and phenolic
compounds or EEP are activation of caspase-8, -9, -3; MAPK (mainly ERK), via Bcl-2 family
proteins, NF-kB and others [26,30].

Acacetin, a compound with lower activity than apigenin in our study, induced apoptosis by different
routes e.g. activation of caspase cascades, ROS generation, mitochondria — mediated cell death
signaling, the SAPK/INK1/2 —c — Jun signaling pathway, p53, Fas/FasL apoptotic system and others
in experiments on cancer cells performed by other authors [31-35].

We showed for the first time that EEP sensitizes cancer cells to TRAIL induced apoptosis. Our
results indicated that EEP markedly augmented TRAIL mediated apoptosis in HeLa cells but further
study will be required to examine the molecular mechanisms and cellular signaling pathways by which
EEP and its compounds sensitize cancer cells to TRAIL induced apoptosis. The TRAIL-mediated
cytotoxic and apoptotic pathways may be a target of the chemopreventive agents in human tumor cells
and the overcome of TRAIL-resistance by propolis and its phenolic components may be one of the
mechanisms responsible for their cancer preventive effects.

3. Conclusions

Dietary supplements, complementary or alternative to medication, become increasingly popular and
it has been major interest in development of compounds of natural origin with chemopreventive
properties. The emerging fields of cancer prevention by chemopreventive agents offer significant
promise for reducing the incidence and mortality of cancer. Propolis is one of the richest sources of
plant phenolics: flavonoids and phenolic acids, which are widely recognized as chemopreventive
components.

Our experiments showed that EEP sensitized TRAIL-resistant HeLa cells and augmented TRAIL
induced apoptosis in cancer cells. The obtained results confirmed the significance of propolis in
chemoprevention of malignant tumors. EEP as dietary supplement may be useful as a chemopreventive
agent against cancer.

4. Experimental
4.1.Chemicals
4.1.1 TRAIL
Recombinat human TRAIL was purchased from PeproTech Inc. (Rocky Hill, NJ, USA).
4.1.2. EEP
Propolis was collected manually from the beehive of the Medical University of Silesia, and was
kept desiccated pending its processing. It was extracted in 95% v/v ethyl alcohol, in a hermetically-

closed glass vessel for 4 days at 37 °C, under occasional shaking. The ethanolic extract was then
filtered through a Whatman filter paper No 4 and evaporated on a rotary evaporator, under reduced
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pressure at 60 °C. The same collection and extraction procedures were used throughout all our
laboratory studies [13].

4.1.3. Flavonoids and phenolic acids

Chrysin, apigenin, acacetin, galangin, kaempferol, kaempferid, quercetin, cinnanic acid, 0-coumaric
acid, m-coumaric acid, p-coumaric acid, caffeic acid, caffeic acid phenylethyl ester (CAPE) were
purchased from Carl Roth GmbH (Karlsruhe, Germany) and Sigma Chemical Company (St. Louis,
MO, USA). The reagents were dissolved in DMSO to a final concentration of 0.01% in media.

4.2. Cell culture

The experiments were performed on human cervical cancer HeLa cell line (DSMZ - Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH — German Collection of Microorganisms
and Cell Cultures, Braunschweig, Germany). Cells were grown in monolayers cultures in RPMI 1640
medium (PAA — The cell culture company, Germany through Immuniq, Poland) containing 10% fetal
bovine serum (FBS) (PAA — The cell culture company, Germany through Immuniq, Poland), 4 mM
L-glutamine (PAA — The cell culture company, Germany through Immuniq, Poland), 100 U/mL
penicillin (Sigma Chemical Company (St. Louis, MO, USA), and 100 pg/mL streptomycin Sigma
Chemical Company (St. Louis, MO, USA) and incubated at 37°C in atmosphere containing 5% CO,
[20].

4.3. Cytotoxicity assay

The cytotoxic effect of EEP and its phenolic compounds in combination with TRAIL on cancer
cells was measured by the MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium) assay as
described [36]. HeLa cells were plated in a 96-well plate at a concentration of 2.5 x 10°/mL (5 x
10%/well) 24 h before the experiments. Various combinations of EEP, flavonoids and phenolic acids
with or without TRAIL were added to the cells, and 48 h later the medium was removed and 20 pL
MTT solutions (5 mg/mL) (Sigma Chemical Company, MO, USA) were added to each well for 4 h.
The resulting crystals were dissolved in DMSO. Controls included native cells and medium alone. The
spectrophotometric absorbance of each well was measured using a plate microreader with a test
wavelength at 550 nm. The data on the cell proliferation and cytotoxic assays were obtained from three
separate experiments and for each test quadruplicate wells were used. The percent of cytotoxicity was
calculated by the formula, percent cytotoxicity (cell death) = (1-[absorbance of experimental
wells/absorbance of control wells]) x 100.

4.4. LDH (lactate dehydrogenase) release assay

LDH is a stable cytosolic enzyme that is released upon membrane damage. LDH activity was
measured using a commercial cytotoxicity assay kit (Roche Diagnostics GmbH, Mannheim,
Germany), in which released LDH in culture supernatants is measured with a coupled enzymatic
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assay, resulting in conversion of a tetrazolium salt into red formazan product. The cells were treated
with various concentrations of EEP, its phenolic compounds alone and in combination with TRAIL for
indicated period of time. The sample solution (supernatant) was removed and LDH released from cells
was measured in culture medium. The maximal release was obtained after treating control cells with
1% Triton® X-100 (Sigma Chemical Company, St. Louis, MO) for 10 minutes at room temperature
[37]. The necrotic percentage was expressed using the formula, (sample value/maximal release) x
100%. All experiments were done in triplicate.

4.5. Determination of apoptotic cell death by annexin V-FITC staining

Apoptosis was measured using flow cytometry to quantify the levels of decentable
phosphatidylserine (PS) on the outer membrane of apoptotic cells. Externalized PS on the outer surface
of the cytoplasmic membrane becomes labeled by fluorescein-labeled annexin V, which has a high
affinity for PS-containing phospholipid bilayers [38]. HeLa cells (2.5 x 10°/mL) were incubated for 48
h with EEP and/or TRAIL and then washed twice with PBS and resuspended in 1 mL of binding
buffer. Five hundred microliters of cell suspension was then incubated with 5 pL of annexin V-FITC
and 10 pL of propidium iodide (PI) for 10 min at room temperature in the dark. The annexin V assay
was performed using the Apoptotest-FITC Kit (Dako, Glostrup, Denmark). The population of annexin
V-positive cells was evaluated by flow cytometry (BD FACScan, BD Bioscences, San Jose, CA,
USA). The Apoptest-FITC was performed in triplicate.

4.6. Statistical analysis

The results are expressed as means +S.D. obtained from three separate experiments. The
experimental means are compared to the means of untreated cells harvested parallel and the data is
polled for replicate experiments. Statistical significance was evaluated using one- and multiple-way
ANOVA Kruskal-Wallis test followed by the Levene test. P-values less than 0.05 were considered
significant.

5. References and Notes

1. World Health Organization: Cancer, 2006.

2. Birt, D.F.; Hendrich, S.; Wang, W. Dietary agents in cancer prevention: flavonoids and
isoflavonoids. Pharmacol. Ther. 2001, 90, 157-177.

3. Kwon, K.H.; Barve, A; Yu, S.; Huang, M.; Kong, A.T. Cancer chemoprevention by
phytochemicals: potencial molecular targets, biomarkers and animal models. Acta. Pharmacol.
Sin. 2007, 28, 1409-1421.

4. Tsao, A.S.; Kim, E.S.; Hong, W.K. Chemoprevention of cancer. CA Cancer J. Clin. 2004, 54,
150-180.

5. Chen, L.; Zhang, H. Cancer preventive mechanisms of the green tea polyphenol
(-)-epigallocatechin-3-gallate. Molecules 2007, 12, 946-957.



Molecules 2009, 14 752

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Sporn, M.B.; Dunlop, N.M.; Newton, D.L.; Smith, J.M.; Prevention chemicals carcinogenesis by
vitamin A and its synthetic analogs (retinoids). Fed. Proc. 1976, 35, 1332-1338.

Aso, K.; Kanno, S.; Tadano, T., Satoh, S.; Ishikawa, M. Inhibitory effect of propolis on the
growth of human leukemia U937. Biol. Pharm. Bull. 2004, 27, 727-730.

Scheller, S.; Krol, W.; Swiacik, J.; Owczarek, S.; Gabrys, J.; Shani, J. Antitumoral property of
ethanolic extract of propolis (EEP) in mice-bearing Ehrlich carcinoma. Z. Naturforsch. 1989,
44C, 1063-1065.

Orsolic, N.; Sver, L.; Terzic, S.; Basic, J. Peroral application of water-soluble derivate of propolis
(WSPD) and its related polyphenolic compounds and their influence on immunological and
antitumour activity. Vet. Res. Commun. 2005, 29, 575-593.

Jasprica, 1.; Bojic, M., Mornar, A.; Besic, E.; Bucan, K.; Medic-Saric, M. Evaluation of
antioxidative activity of croatian propolis sample using DPPH' and ABTS™" stable free radical
assay. Molecules 2008, 12, 1006-1021.

Orsolic, N.; Terzic, S.; Mihaljevic, Z.; Sver, L.; Basic, J. Effects of local administration of
propolis and its polyphenolic compounds on tumor formation and growth. Biol. Pharm. Bull.
2005, 28, 1928-1933.

Orsolic, N.; Basic, J. Immunomodulation of water-soluble derivate of propolis: a factor of
antitumor reactivity. Biol. Pharm. Bull. 2003, 84, 265-273.

Krol, W.; Scheller, S.; Czuba, Z.; Matsuno, T.; Zydowicz, G.; Shani, J.; Mos, M. Inhibition of
neutrophils’ chemiluminescence by ethanol extract of propolis (EEP) and its phenolic
components. J. Ethnopharmacol. 1996, 55, 19-25.

Blonska, M.; Bronikowska, J.; Pietsz, G.; Czuba, Z.P.; Scheller, S.; Krol, W. Effects of ethanol
extract of propolis (EEP) and its flavones on inducible gene expression in J774A.1 macrophages.
J. Ethnopharmacol. 2004, 91, 25-30.

Sforcin, J.M. Propolis and the immune system: a review. J. Ethnopharmacol. 2007, 113, 1-14.
Almasan, A.; Ashkenazi, A. Apo2L/TRAIL: apoptosis signaling, biology and potential for cancer
therapy. Cytokine Growth Factor Rev. 2003, 14, 337-348.

Zhang, L.; Fang, B. Mechanisms of resistance to TRAIL-induced apoptosis in cancer. Cancer
Gene Ther. 2005, 12, 228-237.

Shankar, S.; Srivastava, R.K. Enhancement of therapeutic potential of TRAIL by cancer
chemotherapy and irradiation: mechanisms and clinical implications. Drug Resist. Updat. 2004, 7,
139-156.

Szliszka, E.; Majcher, A.; Domino, M.; Pietsz, G.; Krol, W. Cytotoxic activity of tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL) against bladder cancer cells after using
chemotherapeutic drugs. Polish J. Urol. 2007, 60, 138-142.

Szliszka, E.; Czuba, Z.P.; Jernas, K., Krol, W. Dietary flavonoids sensitize HeLa cells to tumor
necrosis factor-related apoptosis-inducing ligand (TRAIL). Int. J. Mol. Sci. 2008, 9, 56-64.
Bankova, V.S.; Popov, S.S.; Marekov, N.L. A study of flavonoids of propolis. J. Nat. Prod. 1983,
46, 471-474.



Molecules 2009, 14 753

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Czuba Z.P.; Krol W. The importance of hydroxyl substituent in position 4’ in flavonoids for
modulation of chemiluminescence generated by an enzymatic system (horseradish peroxidase —
luminol — hydrogen peroxide). Curr. Top Biophys. 1996, 20S; 38-41.

Plochmann, K.; Korte, G.; Koutsilieri, E.; Richling, E.; Riederer, P.; Rethwilm, A.; Schreier, P.;
Scheller, C. Structure — activity relationships of flavonoid — induced cytotoxicity on human
leukemia cells. Arch. Biochem. Biophys. 2007, 460, 1-9.

Moridani, M.Y.; Galati, G.; O’Brien, P.J. Comparative quantitative structure toxicity relationships
for flavonoids evaluated in isolated rat hepatocytes and HeLa tumor cells. Chem.-Biol. Interact.
2002, 139, 251-264.

Kim, D.O., Lee, C.Y. Comprehensive study on vitamin C equivalent antioxidant capacity
(VCEAC) of various polyphenolics in scavenging a free radical and its structural relationship.
Crit. Rev. Food Sci. Nutr. 2004, 44, 253-273.

Ramos, S. Effects of dietary flavonoids on apoptotic pathways related to cancer chemoprevention.
J. Nutr. Biochem. 2007, 18, 427-442.

Horinaka, M.; Yoshida, T.; Shiraishi, T.; Nakata, S.; Wakada, M.; Nakanishi, R.; Nishino, H.;
Sakai, T. The combination of TRAIL and luteolin enhances apoptosis in human cervical cancer
HelLa cells. Biochem. Biophys. Res. Commun. 2005, 333, 833-838.

Horinaka, M.; Yoshida, T.; Shiraishi, T.; Nakata, S.; Wakada, M.; Sakai, T. The dietary flavonoid
apigenin sensitizes malignant tumor cells to tumor necrosis factor-related apoptosis-inducing
ligand. Mol. Cancer Ther. 2006, 5, 945-951.

Yoshida, T.; Konishi, M.; Horinaka, M.; Yasuda, T.; Goda, A.E.; Taniguchi, H.; Yano, K.
Wakada, M.; Sakai, T. Kaempferol sensitizes colon cancer cells to TRAIL-induced apoptosis.
Biochem. Biophys. Res. Commun. 2008, 375, 129-133.

Kim, Y.H.; Lee, D.H.; Jeong, J.H.; Guo, Z.S.; Lee, Y.J. Quercetin augments TRAIL-induced
apoptotic death: involvement of the ERK signal transduction pathway. Biochem. Pharmacol.
2008, 75, 1946-1958.

Hsu, Y.L., Kuo, P.L., Lin, C.C. Acacetin inhibits the proliferation of Hep G2 by blocking cell
cycle progression and inducing apoptosis. Biochem. Pharmacol. 2004, 67, 823-829.

Hsu, Y.L., Kuo, P.L., Liu, C.F., Lin, C.C. Acacetin-induced cell cycle arrest and apoptosis in
human non-small cell lung cancer A549 cells. Cancer Lett. 2004, 212, 53-60.

Singh, R.P., Agrawal, P., Yim, D., Agarwal, C., Agarwal, R. Acacetin inhibits cell growth and
cell cycle progression, and induces apoptosis in human prostate cancer cells: structure-activity
relationship with linarin and linarin acetate. Carcinogenesis 2005, 26, 845-854.

Pan, M.H., Lai, C.S., Hsu, P.C., Wang, Y.J. Acacetin induces apoptosis in human gastric
carcinoma cells accompanied by activation of caspase cascades and production of reactive oxygen
species. J. Agric. Food Chem. 2005, 53, 620-630.

Shim, H.Y., Park, J.H., Paik, H.D., Nah, S.Y., Kim, D.S., Han, Y.S. Acacetin-induced apoptosis
of human breast cancer MCF-7 cells involves caspase cascade, mitochondria-mediated death
signaling and SAPK/JNK1/2-c-Jun activation. Mol. Cells 2007, 24, 95-104.

Cell proliferation kit I (MTT). Instruction manual, Version 3; Roche Applied Science: Germany,
2003.



Molecules 2009, 14 754

37. Cytotoxicity detection kit (LDH). Instruction manual, Version 5; Roche Applied Science,
Germany, 2004.

38. Ohtsuki, T.; Tamaki, M.; Toume, K.; Ishibashi M. A novel sesquiterpenoid dimer parviflorene F
induces apoptosis by up-regulating the expression of TRAIL-R2 and a caspase-dependent
mechanism. Bioorg. Med Chem. 2008, 16, 1756-1763.

Sample Availability: Not available.

© 2009 by the authors; licensee Molecular Diversity Preservation International, Basel, Switzerland.
This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).



