INTERNATIONAL JOURNAL OF ONCOLOGY 31: 601-606, 2007

Antiproliferation of human prostate cancer cells by ethanolic
extracts of Brazilian propolis and its botanical origin
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Abstract. Propolis is a resinous substance collected by bees
(Apis mellifera) from various tree buds which they then use
to coat hive parts and to seal cracks and crevices in the hive.
Propolis, a known ancient folk medicine, has been extensively
used in diet to improve health and to prevent disease. In the
present study, we have evaluated the effects of ethanolic
extracts of Brazilian propolis group 12 and bud resins of
botanical origin (B. dracunculifolia), and propolis group 3 on
proliferation of metastasis (DU145 and PC-3) and primary
malignant tumor (RC58T/h/SA#4)-derived human prostate
cancer cells. The strongest inhibition was observed in propolis
group 3 (sample #3) extracts whereas moderate growth
inhibition was observed in human prostate epithelial cells. In
the RC58T/h/SA#4 cells, resins of botanical origin of propolis
group 12 (sample #1) and propolis group 12 (sample #2)
induced growth inhibition that was associated with S phase
arrest whereas propolis group 3 (sample #3) induced growth
inhibition that was associated with G2 arrest. The mechanisms
of cell cycle effects of propolis were investigated. The resins
of botanical origin of propolis group 12 and propolis group
12 showed similar inhibition of cyclin D1, CDK4 and cyclin
B1 expression. Propolis group 3 showed higher induction of
p21 expression but no inhibition of cyclin D1, CDK4 and
cyclin B1 expression. The results obtained here demonstrate
that the Brazilian propolis extracts have significant inhibitory
effect on proliferation of human prostate cancer cells. Inhibition
was achieved through regulation of protein expression of
cyclin D1, B1 and cyclin dependent kinase (CDK) as well as
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p21. Our results indicate that the Brazilian propolis extracts
show promise as chemotherapeutic agents as well as preventive
agents against prostate cancer.

Introduction

Prostate cancer is the most common male cancer in USA and
other Western countries, and the second leading cause of
male cancer death in USA (1). Despite its pervasive impact,
the etiology of prostate cancer and the factors that promote
its progression are not well understood. To date, there is no
secure way to tell whether prostate cancer, once found,
should receive treatment. Although prostatectomy, radiation
therapy and hormone therapy have been used for curing
prostate cancer patients, recurrence and metastasis of prostate
cancer are major problems in prostate cancer therapy. Current
available treatment often has troubling side-effects such as
urinary incontinence and erectile dysfunction. There is no
effective treatment modality once the cancer has evolved into
the hormone refractory stage. Preventive strategies are currently
emerging. These is an increase in the usage of nutritional
supplements such as soybeans, garlic, green tea and Vitamin D3
etc., to augment the prescribed anticancer therapies.

Propolis is a resinous substance collected by Apis mellifera
from various tree buds which they then use to coat hive parts
and to seal cracks and crevices in the hive (2). Propolis has
been used as a folk medicine since ca. 300 BC (3). Recently,
numerous biological properties of propolis have been reported
including cytotoxic, antiherpes, antitumor, free radical
scavenging, antimicrobial, and anti-HIV activities (4-10).
Because of the wide range of biological activities, recently
propolis has been extensively used in food and beverages to
improve health and prevent diseases (11-13).

The medical application of propolis preparation has led to
increased interest in its chemical compositions and its botanical
origins, because so far mainly polyphenol compounds have
been identified in propolis collected by Apis mellifera, the main
polyphenols being flavonoid aglycones, and its derivatives (14).
The chemical composition of the main flavonoids in propolis
has been found to be quantitatively or qualitatively variable,
depending on the environmental plant ecology (15-17).

Previously, we have collected 500 samples of propolis
obtained by Africanized Apis mellifera in Brazil. We found
that Brazilian propolis contained 12 groups based on physico-
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chemical characteristics, and some of the ethanolic extracts
of propolis inhibited the growth of rapidly growing solid tumor
cell lines. Thus, groups 1, 2, 6, and 7 are highly antagonistic
to the growth of nasopharyngel carcinoma (KB), and groups 6
and 7 are also highly inhibitive against the growth of ileocecal
adenocarcinoma (HCT-8), renal carcinoma CAKE-1, and
breast carcinoma (MCT-7) tumor cell lines (17,18). The
propolis group 12, which is known as green propolis, is
widely used mainly for ingredients of functional foods and
pharmaceutical purposes (15,16). The botanical origin of
propolis group 12 was the resin of the leaf bud of Baccharis
dracunculifolia in southeastern Brazil. Propolis group 3 was
collected in southern Brazil. In the present study we have
evaluated the effects of ethanolic extracts of the propolis
groups 3 and 12, and bud resins of botanical origin of propolis
group 12 on proliferation of metastasis and primary tumor-
derived human prostate cancer cells.

Materials and methods

Preparation of experimental samples. Two ethanolic extracts
of propolis groups 3 (sample #3) and 12 (sample #2) were
prepared as follows. Each group of propolis sample (50 g)
was extracted with 600 ml of 80% (v/v) ethanol at 60°C for
30 min. After extraction, the mixture was centrifuged and the
supernatant were individually evaporated to complete dryness
at 40°C and the resulting powder was designated as ethanolic
extracts of propolis. In the case of ethanolic extracts of
botanical origin of propolis group 12, the leaf buds of B.
dracunculifolia were removed with a knife without breaking
them into pieces, and immeditely 20 g of buds were rinsed
with 200 ml of 80% ethanol at 70°C for 1 h to remove
superficial resins, centrifuged to separate the supernatant
and then evaporated as mentioned above. The three samples
were classified as follows: sample #1 is botanical origin of
propolis group 12, sample #2 is propolis group 12, and sample
#3 is propolis group 3. The three samples were analyzed by
Reversed-Phase High-Performance Liquid Chromatography
(RPHPLC) and the results are described in Table 1. Genistein
was used as positive control and it was purchased from
Sigma (St. Louis, MO).

Cell culture. Metastasis-derived human prostate cancer cell
lines (DU145 and PC-3) were obtained from American Type
Culture Collection (ATCC, Manassas, VA) and maintained
in RPMI-1640 medium supplemented with 10% fetal bovine
serum (Invitrogen, Carlsbad, CA). Telomerase-immortalized
primary human prostate cancer-derived cell line (RC-58T/h/
SA#4) (19) and primary human prostate epithelial cells (PrEC)
(Cambrex Bioproducts, Walkersville, MD) were grown and
maintained in the keratinocyte serum-free medium (K-SFM)
supplemented with bovine pituitary extract and recombinant
epidermal growth factor (KGM) (Life Technologies, Inc.
Gaithersburg, MD).

Cell proliferation assays. The cell growth assays were carried
out by using CellTiter 96 Aqueous One solution cell
proliferation assay kit (Promega, Madison, WI). Briefly,
5000 cells/well were plated in 96-well plates, and desired
concentrations of propolis were added on the following day.

LI et al: ANTIPROLIFERATION OF HUMAN PROSTATE CANCER CELLS

Table I. Flavonoids and other constituents of propolis groups 3,
12, and botanical origin of propolis group 12.

Propolis Propolis Origin
group 3 group 12 botanic
(sample #3)  (sample #2)  (sample #1)

Compounds Mg/g Mg/g Mg/g
Coumaric acid 4.8 8.5 43
Ferulic acid 1.3 24 4.8
Cinnamic acid - - 0.68
Pinobanksin 549 8.7 7.2
Kaempferol 34 04 1.10
Apigenin 4.8 - -
Isosakuranetin - 7.3 1.22
Pinocembrin 54 - -
Dimethylallyl 2.2 - -
caffeic acid
Pinobanksin-3- 64.9 - -
acetate
Chrysin 54 1.86 1.05
Galangin 35.7 - -
Kaempferide - 12.5 8.15
Tectochrysin 113 - -
Artepillin C - 38.58 40.54

After treatment for 48 h, detection reagents (MTS) were
added, and cells were incubated for 1 h. Absorbance was
measured at 492 nm in a 96-well plate reader.

Cell cycle analysis. The one day-old cultures (2x10° cells) were
exposed to various doses of propolis. After 48-h treatment,
cells were harvested with PBS-EDTA buffer, and were fixed
(1 volume of cold PBS, 3 volumes of cold 200 proof ethanol)
while vortexing. The single cell suspension was treated with
RNAse and propidium iodide was added. The samples were
filtered and run on a cytometer. The results were analysed by
using Modfit LT software package (Verity Software house,
Inc. Topsham Maine).

Western blot analysis. The cells were harvested from T25
flasks after 48-h treatment with propolis, washed once with
PBS and cell pellets were stored at -70°C. Cell protein was
extracted with T-PER tissue protein extraction reagent (Pierce,
Rockford, IL). The protein concentration was determined
with BCA protein assay kit (Pierce). Twenty pug of protein
from each lysate was subjected to 4-12% SDS-PAGE under
reducing conditions. The primary antibodies, cyclin B1 (V152)
mouse monoclonal antibody, cyclin D1 polyclonal antibody,
CDK4 (DCS156) mouse monoclonal antibody and p21
(DCS60 #2946) antibody (Cell Signaling, Bevely, MA), were
used at a 1:2000 dilution. Antigen-antibody complexes were
detected by horseradish peroxidase-conjugated secondary
antibodies in conjunction with enhanced chemiluminesence
substrate mixture (Pierce) and exposed to film.
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Figure 1. Propolis inhibited cell proliferation in primary malignant tumor-derived human prostate cancer cell line (RC-58T/h/SA#4). A, growth and morpho-
logy of RC58T/h/SA#4 cells exposed to various doses of propolis #1. The cell growth was inhibited at 2.5 pg/ml and completely inhibited at 20 pg/ml. A
change in the cell morphology from late and round into thin and spines was observed with 10 and 15 pg/ml of propolis #1. B, the cells were cultured in the
KGM. The RC58T/h/SA#4 cells, 5000/well were plated in 96-well plates and on the following day, they were treated with either EtOH vehicle control or
various doses of propolis. After 48-h treatment, the cells were washed with KGM medium and viable cells were counted using a CellTiter 96 Aqueous One
solution cell proliferation assay kit (Cat#3581 Promega). Each sample was counted in 6 wells and repeated three times. The data was statistically analyzed by
one-way ANOVA analysis. "P<0.01. A, propolis #1; C, propolis #2; and D, propolis #3.

Results

Three propolis samples inhibited cell growth of primary
human prostate cancer cell line. The RC58T/h/SA#4 cell line
was derived from a soft agar clone of the RC-58T/h cell line,
a telomerase-immortalized primary malignant tumor-derived
human prostate epithelial cell line (19) grown in KGM. To
find the optimal dose for various propolis inhibition on prostate
cancer cells, the cell growth was determined in the presence
of various doses of propolis (Fig. 1). The samples showed
significant inhibition of cell growth (Fig. 1A and B) and
induced also morphological alterations such as polygonal to
spindle cells (Fig. 1A, 10 and 15 pg/ml). The cells died at
20 pg/ml treated cells. To determine the dose-dependent
growth inhibitory efficiency, we have tested the cell viability
of RC-58T/h/SA#4 and PrEC cells with propolis samples #1,
#2 and #3 (Fig. 1B-D) on RC-58T/h/SA#4 cells. The 50%
growth inhibition (GI50) of propolis was 5.5 pg/ml for sample
#1 (botanical origin of propolis group 12); 5 ug/ml for sample
#2 (propolis group 12), and 3 pg/ml for sample #3 (propolis
group 3). All the samples had higher inhibitory efficiency in
primary prostate cancer cells compared to normal human
prostate epithelial cells (Table II).

Three propolis samples inhibited cell growth of metastasis-
derived human prostate cancer cell lines. To further examine
the inhibition of cell growth by the samples, we also tested

Table II. The 50% growth inhibition of normal human prostate
epithelial (PrEC) and primary tumor-derived human prostate
cancer (RC-58T/h/SA#4) cells and by propolis #1, #2 and #3.

PrEC RCS58T/h/SA#4
Propolis #1 7.5 55
Propolis #2 8.75
Propolis #3 55 3

PrEC, primary human prostate epithelial cells.

the metastasis-derived human prostate cancer cell lines (DU145
and PC-3) and RC-58T/h/SA#4 cells grown in RPMI-1640
with 10% fetal bovine serum. DU145 cells were derived from
brain metastasis of a prostate cancer patient and PC-3 cells
were derived from bone metastasis of a prostate cancer patient.
Samples #1, #2, #3 and genistein showed similar inhibitory
efficiency in RC58T/h/SA#4 cells (Fig. 2A). However stronger
inhibition of cell growth was observed in DU145 (Fig. 2B) and
PC3 (Fig. 2C). The optimal dose of cell growth inhibition
efficiency was 40 pg/ml in DU145 and PC-3 cells and 80 ug/ml
in RC-58T/h/SA#4 cells, respectively. The results indicated
that the cell growth inhibition efficiency of propolis samples
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Figure 2. Propolis inhibited cell proliferation of metastasis and primary tumor-derived human prostate cancer cell lines (RC-58T/h/SA#4, DU145 and PC-3
cells). The cells were cultured in RPMI with 10% fetal bovine serum. The prostate cancer cells, 5000/well were plated in 96-well plates and on the following
day, they were treated with either EtOH vehicle control or various concentrations of propolis in the same medium. After 48-h treatment, the cells were washed
with PBS and viable cells were detected using a CellTiter 96 Aqueous One solution cell proliferation assay kit (Cat#3581 Promega). Each sample was
counted in 6 wells. The data was statistically analyzed by one-way ANOVA analysis. P<0.05; “P<0.01. A, RC58T/h/SA#4 (DMEM); B, DU145; C, PC-3.

Table III. Inhibition of metastasis-derived (DU145 and PC-3) and primary tumor-derived (RC-58T/h/SA#4) human prostate

cancer cell lines by propolis #1-3.

Cells Propolis #1 Propolis #2 Propolis #3
80 pg/ml 100 pg/ml 80 pg/ml 100 pg/ml 40 pg/ml 80 pg/ml
DU145
2% serum 80.2 93.0 76.9 799 65.1 88.29
10% serum 310 64.4 28.3 43.1 20.8 63.9
PC3
2% serum 93.6 98.6 922 95.5 62.1 92.1
10% serum 39.0 48.0 26.6 32.8 245 572
RC58T/h/SA#4
2% serum 88.2 953 83.0 90.8 42.0 84.7
10% serum 514 65.8 0.02 19.18 9.6 56.2

was higher in metastatic human prostate cancer cell lines
than in the primary human prostate cancer cell line.

Effect of serum on the cell growth inhibition by propolis
samples. To test whether the serum concentration in the

culture condition interferes with the inhibition of cell growth
by the samples, we examined the cells in the presence of
various serum concentrations. The results showed that the
cell growth inhibition of propolis samples was attenuated and
reversed by the serum (Table III).
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Figure 3. Effect of propolis on cell cycle progression in RC58T/h/SA#4 cells in KGM medium. Cells were cultured in KGM medium and treated with either EtOH
vehicle control or 10 and 20 pg/ml doses of propolis. After 24-h (Pro. #3) or 48-h (Pro #1, 2) treatments, cells were collected, washed with PBS fixed with 70%
ethanol, digested with RNase, and the cellular DNA was stained with propidium iodide. Flow cytometric analysis was then performed for cell cycle distribution. A,
propidium iodide fluorescence pattern for cell cycle distribution using different treatments. B, percentage of cell distribution data for each treatment group.
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Figure 4. Propolis regulates cell cycle related protein expression in RC58T/
h/SA#4 cells. To investigate the molecular mechanisms of the cell cycle
effects of propolis, we carried out Western blot analysis. The cell cycle
related proteins cyclin D1, CDK4, cyclin B1 and p21 were examined. The
results indicated that propolis #1 and propolis #2 had similar effects inhibiting
the protein expression of cyclin D1, CDK4 and cyclin B1. Propolis #3 did
not affect the protein expression of cyclin D1, CDK4 and cyclin B1, but
strongly induced p21 protein expression.

Effects of propolis samples on cell cycle progression. To test
the effect of propolis samples on cell cycle progression in
RC58T/H/SA#4 cells and normal cells (data not shown), we
treated the cells with the samples for 24 and 48 h, and then
examined the cells by flow cytometry analysis. The results
showed that samples #1 and #2 arrested the cell cycle at the S
phase at 48 h and sample #3 arrested the cell cycle at the G2
phase at 24 h (Fig. 3). Genistein was used as control.

Propolis regulated cell cycle related gene expression. To
investigate the regulation of cell cycle related genes, we
evaluated the protein expression using Western blot analysis
by comparing cell lines that were untreated and treated with
10 and 20 pg/ml of propolis samples for 48 h (Fig. 4). The
cell cycle related proteins cyclin D1, CDK4, cyclin B1 and
p21 were examined. The results indicated that samples #1
and #2 had similar effects, inhibiting the protein expression
of cyclin D1, CDK4 and cyclin B1. Sample #3 did not alter
the protein expression of cyclin D1, CDK4 and cyclin B1,
but strongly induced p21 protein expression (Fig. 4).
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Discussion

Propolis is a resinous product collected by bees (Apis mellifera)
from tree exudates, mainly resins of leaf buds mixed with
beeswax to form a sealing material in their honeycombs,
smooth out the internal walls, and protect the entrance against
intruders (2,3). Propolis has been shown to kill Bacillus larvae,
the most important bacterial disease of bees (20). Flavonoids
such as Chrysin and Quercetin account for much of the
biological activity in propolis. Propolis has been shown to
be highly antimicrobial and have an inhibitory affect on 21
species of bacteria and viruses (including herpes and influenza),
antioxidant effects and anticancer effects. Propolis cytotoxicity
on cultures of human and animal tumor cells, including breast
carcinoma, melanoma, colon, and renal carcinoma cell lines
(21). The component producing these effects was identified
as caffeic acid phenethy ester. Substances isolated in propolis
which produce this cytotoxic effect are quercetin, caffeic
acid, and clerodane diterpendoid. Clerodane diterpendoid
shows a selective toxicity to tumor cells. A substance called
Artepillin C has been isolated from propolis, and has been
shown to have a cytotoxic effect on human gastric carcinoma
cells, human lung cancer cells and mouse colon carcinoma
cells in vitro (6,7).

In the present study, we observed for the first time that
the ethanol extracts of Brazilian propolis significantly inhibit
cell growth of metastasis-derived human prostate carcinoma
(DU145 and PC-3 cells) and primary tumor derived human
prostate cancer cells (telomerase immortalized RC-58T/h/SA#4
cells). The strongest growth inhibition was observed in the
sample #3 (propolis group 3) extract. Furthermore, in the
RC-58T/h/SA#4 cells, samples #1 and #2 (origin botanic of
propolis group 12 and propolis group 12) induced growth
inhibition that was associated with S phase arrest, whereas
sample #3 (propolis group 3) induced growth inhibition that
was associated with G2 arrest. The mechanisms of cell cycle
effects of samples were investigated. Samples #1 and #2
inhibited cyclin D1, CDK4, cyclin B1 expression. Sample #3
induced p21 expression but did not effect cyclin D1, CDK4
and cyclin B1.

Cyclin D1 and cyclin-dependent kinase control the cell
cycle from GO to G1 phase and cyclin Bl controls the cell
cycle from S to G2. The oncogene mitogens such as PDGF,
IGF and EGF stimulate cell growth through altering cell
cycle components. Higher expression of cyclin D1 and cyclin-
dependent kinase proteins are associated with androgen-
independent metastatic prostate cancer (22,23). As we have
demonstrated, the ethanol extracts of Brazilian propolis
inhibited the protein expression of cyclin D1, B1 and CDK4.
This inhibitory efficiency was attenuated by increasing the
concentration of serum in the medium. The inhibition of cyclin
D1 and B1 and the induction of p21 by Brazilian propolis
suggests that Brazilian propolis could be useful alone or in
combination with anticancer agents in prostate cancer chemo-
therapy as well as in prostate cancer chemoprevention. Since
we do not yet know which compound plays a crucial role in
inhibiting the protein expression of cyclin D1, Bl and CDK4,
the search for a purified single compound from propolis as a
potential chemopreventive and chemotherapeutic agent against
prostate cancer is worthy of future investigation.
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