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Abstract
Novel natural compounds became the new promising source for alternative drug production for cancer treatment.
Several studies have reported that different species of pine genus show cytotoxic activities against various cancer
cell lines. In the present study, the possible cytotoxic and apoptotic effects of the endemic Pinus nigra ssp.
pallasiana var. seneriana (PS) extract in MCF-7 breast cancer cells were evaluated. Cell viability was
determined via XTT assay and verified by live/dead viability/cytotoxicity assay. Apoptotic effect was
investigated by mitochondrial membrane potential (MMP) assay. Expression of apoptosis related proteins after
treatment with PS extract was detected by apoptosis array. PS extract treatment reduced the viability of MCF-7
cells in a time and concentration-dependent manner. Apoptosis was induced and MMP was decreased in MCF-7
cells by 48 h treatment. Bcl-2, clAP-1, clAP-2, Survivin and XIAP protein levels were reduced by 2.8-, 3.2-, 2.8-
, 2.5- and 2.2- fold, and Bad, Bax, Cytochrome ¢ and SMAC/Diablo protein levels were induced by 4.2-, 3.0-,
3.6-, and 4.0- fold in MCF-7 cells by PS extract treatment. This report describes the cytotoxic and apoptotic
effects of the extract of endemic Pinus species on MCF-7 cells for the first time. Although the isolation and
structure elucidation of the active compounds is needed to be performed in the further studies, it is likely that PS
extract may be a potential candidate for the development of novel therapeutic anticancer compounds for breast

cancer.

Keywords—Apoptosis, breast cancer, cytotoxicity, Pinus nigra.

1 Introduction

Breast cancer is not only one of the most common cancer
type threatening woman health, but also one of the main
cause of woman’s cancer-related death [1]. Because of the
severe side effects of the chemotherapeutic treatments and
occurrence of the drug resistance, novel agents and treat-
ment strategies are urgently needed. Nowadays, novel
natural compounds became the new promising source for
alternative drug production for cancer treatment. Among
these natural compounds, plant extracts hold an advanta-
geous place because of the efficiency as well as for their
relatively easy accessibility [2].

Pine species belonging to Pinus genus, are widely distrib-
uted around the world. Different parts of the pine trees,
like needles, bark, and cones are used as a food source or
for medical purposes [3], [4]. Especially the needles of the
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pine are known to contain essential amino acids and glu-
tamic acid [5]. Some of the other compounds obtained
from pine needles are; a-pinene, B-pinene, myrcene, linal-
yl acetate, germacrene-D, E-caryophyllne, a-humulene
and 6-cadinene [6]. Certain bioactive compounds isolated
from different Pinus species are used for their antioxidant,
antimicrobial, cytotoxic and antitumor activities [5]. The
potential cytotoxic activity of the extracts of Pinus genus
has been recently described in many studies. The extract
of Pinus koraiensis bark, being used as a herbal medicing,
was shown to have cytotoxic and apoptotic effect on HelLa
cell line [7]. Pycnogenol® is an extract obtained from the
bark Pinus maritima, showed to increase the toxic effect
of anticancer drugs doxorubicin and cyclophosphamide
[8]. Moreover, diterpenes isolated from the needles of
Pinus sylvestris was found to be effective against human
cervix cancer (HeLa) cells, human neuroblastoma (SK-N-
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SH) cells and human hepatocellular carcinoma (BEL-
7402) cells [9]. In Turkey, five Pinus species, Pinus bru-
tia, Pinus halepensis, Pinus pinea, Pinus sylvestris and
Pinus nigra are widely distributed with a number of sub-
species. PS is an endemic species of Turkey and its distri-
bution area is known to be around Bolu, Manisa and
Kiitahya [10]. PS species in Manisa, Alasehir, Bahadir
village was identified by Apltekin (1987), and described
with shorter height and smaller needles compared to
subspecies pallasiana [11].

The aim of this study was to investigate the possible cyto-
toxic and apoptotic effects of the PS extract on MCF-7
breast cancer cells.

2 Materials and Methods

2.1 Cell lines and culture

MCEF-7 cell line is purhased from Interlab Cell Line Col-
lection (Genova, Italy). MCF-7 cells were cultured in
RPMI 1640 medium containing 10% fetal bovine serum,
1% L-glutamine, and 1% penicillin-streptomycin (Corning
Life Sciences). Cells were incubated at 37°C in a humidi-
fied atmosphere with 5% CO,. Growth and morphology
were monitored every day. Cell culture supplies were
obtained from Biochrom (Berlin, Germany).

2.2 Microwave-assisted extraction (MAE) of the plant
material

The branches of PS with needles on were collected from
Bahadir village, Alasehir, Manisa. Needles were removed
from the branches and washed with phosphate buffered
saline (PBS). MAE was carried out at the CEM Mars6
Digestion Microwave System (Matthews, USA) equipped
with a temperature probe and infrared sensors. 0.6 g of
pine needles taken in a polytetrafluoroethylene vessel and
30 ml ethanol (Sigma-Aldrich Seelze, Germany) was
added. The microwave system was programmed to main-
tain the temperature at 80 °C for 6 min with a ramp time
of 8 min. At the end of incubation, extract of PS was dis-
solved in 50 ml ethanol.

2.3 XTT cell viability assay

Cell number was determined via using trypan blue dye
exclusion test with Countess automatic cell counter
(Countess, Thermo Fisher Scientific, Massachusetts,
USA). Cells were seeded at 1x10* cells per well in a 96-
well flat-bottom plates with a final volume of 200 pl and
incubated at 37°C in a 5% CO; incubator for 24 hours.
After 24 h incubation, MCF-7 cells were exposed to in-
creasing concentrations of PS extract (100 to 1000 pg/ml)
for 24, 48, and 72 hours. Media was not refreshed during
the incubation time. At the end of the each incubation, 100
pl of XTT (2,3-bis (2-methoxy-4-nitro-5-sulfophenyl)-5
[(phenylamino) carbonyl] -2H-tetrazolium hydroxide)
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(Roche Applied Science, Mannheim, Germany) was added
to each well and incubated at 37 °C incubator for another
4 hours. Absorbance of each well was measured at 450 nm
against a reference wavelength at 650 nm using a micro-
plate reader (TECAN, Minnedorf, Switzerland). IC2s and
ICso values were calculated from the mean of the triplicate
experiments.

2.4 The live/dead viability/cytotoxicity assay

After calculating the 1C2 and ICsp values, Cellstain dou-
ble staining kit (Sigma-Aldrich, Seelze, Germany) was
used to verify the cytotoxic effect of the PS extract. Calce-
in-AM stains live cells and emits strong green fluores-
cence whereas propidium iodide (PI) stains dead cells
without membrane integrity and emits strong red fluores-
cence. Cells were seeded in six-well plates at a density of
1x106 cells/well in 2 ml culture medium and incubated for
24 h at 37°C in a CO; incubator for attachment of the
cells. After the incubation period, the cells were treated
with PS extract for 48 hours. At the end of 48 hours, con-
tents of the wells were removed and wells were washed
with PBS for several times. Mixture of 10 pl calcein-AM
and 5 pl PI in 1ml PBS was added to each well and incu-
bated for 15 minutes at 37°C. The stained cells were ob-
served with a fluorescence microscope (Olympus, Tokyo,
Japan).

2.5 Mitochondrial membrane potential (MMP) assay
MMP loss was evaluated by tetramethylrhodamine, ethyl
ester (TMRE) dye (Cayman Chemicals, Michigan, USA).
TMRE is a red-orange membrane permeable dye which
accumulates in the active mitochondria because of it’s
relative negative charge. Depolarized or inactive mito-
chondria have decreased membrane potential and they do
not accumulate TMRE. Cells were seeded at a density of
1x10° cells/well and treated with PS extract for 48 hours.
At the end of 48 hours, 50 uM TMRE solution was added
to each well and incubated at 37°C for 30 minutes. At the
end of incubation time, stained cells were observed with a
fluorescence microscope at 549 nm against a reference
wavelength at 575 nm (Olympus, Hamburg, Germany).

2.6 Proteome profiler™ array

To determine the effects of PS extract on the expression
levels of apoptosis related proteins in breast cancer cells,
R&D Human Apoptosis Array Kit (R&D Systems, Abing-
don, OX, UK) was used according to the instruction’s
manual. The array includes a nitrocellulose membrane
coated with specific antibodies for each protein. The sam-
ples were added after blocking the membranes for 1 h.
Then, the samples were incubated at room temperature for
5 h. After incubation with a biotinylated antibody for 2 h,
the arrays were incubated with horseradish peroxidase-
conjugated streptavidin for another 2 h. The signals were
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detected using UVP BioSpectrum Imaging System (Cam-
bridge, UK). The spots were quantified by a computer-
assisted system for image analysis (Koadarray® 2.6 soft-
ware).

2.7 Statistical analysis

GraphPad Prism (GraphPad Software, San Diego, USA)
was used for data analysis. The data were presented as the
means +SD. Two-way ANOVA followed by Bonferroni
post-tests was applied to determine the significant differ-
ences between different treatments. The Student’s t-test
was applied to determine significant differences between
groups. Values with p<0.05 were considered statistically
significant.

3 Results

First, the effect of PS extract on the cell viability of MCF-
7 breast cancer cells was determined. For this aim, MCF-7
cells were treated with the increasing concentrations (100-
1000 pg/ml) of PS extract for 24, 48 and 72 h and then
XTT cell viability assay was performed. The PS extract
decreased the cell viability of MCF-7 cells in a time- and
concentration-dependent manner, as compared to untreat-
ed controls (Figure 1A-C) (p<0.05). The ICsp value of PS
extract was 560 pg/ml at 48 h in MCF-7 cells.
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Figure 1: Time and concentration dependent effect of PS
extract on the viability of MCF-7 cells (*P < 0.05 com-
pared to untreated control, UC: Untreated control, VC:
Vehicle control)

As shown in Fig. 1A, there were 14.1 %, 27.9 % and 29.6
% decreases in the cell viability of MCF-7 cells exposed
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to 100, 250, 500 pg/ml of extract, respectively, as com-
pared to untreated controls at 24 h (p<0.05). There were
19.2 %, 36.1 % and 47.1 % decreases in the cell viability
of MCF-7 cells exposed to 100, 250, 500 pg/ml of extract,
respectively, as compared to untreated controls at 48 h
(p<0.05). Treatment of MCF-7 cells to 100, 250, 500
pg/ml of extract for 72 h resulted in 28.2 %, 39.9 % and
53.2 % decreases in the cell viability, respectively
(p<0.05). To verify the cytotoxic effect of PS extract,
live/dead cell viability assay was also performed. As
shown in Figure 2 (A-C), the number of attached cells was
decreased by the increasing concentrations of PS extract.
The number of dead cells (red stained) was also increased
by 160 pg/ml PS extract treatment, as compared to the
untreated cells. However, the number of dead cells was
higher in 560 ug/ml PS extract treated MCF-7 cells (Fig-
ure 2C).

MCF-7
Untreated control

160 pg/mL PS extract

560 pg/mL PS extract

Figure 2: Images of MCF-7 cells stained with live/dead
cell reagent after treatment with 160 pg/ml and 560 pg/ml
PS extract. The red and green fluorescence are the mark-
ers of dead and live cells, respectively. The cell death was
increased by PS extract treatment when compared to un-
treated control.
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To determine whether PS extract can induce apoptosis in
breast cancer cells, cells were treated with different con-
centrations of PS extract for 48 h and then MMP was
evaluated. As seen in Figure 3 (A-C), PS extract treatment
decreased the MMP in MCF-7 cells, indicating a possible
apoptotic effect, at both 160 pg/ml and 560 pg/ml concen-
trations, as compared to untreated control cells.

MCF-7
Untreated control

A

160 ng/mL PS extract

w

560 ng/mL PS extract

Figure 3: Analysis of the MMP after treatment with 160
pg/ml and 560 pg/ml PS extract. Red fluorescence repre-
sents mitochondria with intact membrane potential. The
mitochondria of MCF-7 cells are completely destabilized
by 560 pg/ml extract treatment.
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We further investigated the proteins involved in the apop-
totic effect of PS extract. Changes in apoptosis-related
protein expressions were studied by a human apoptosis
array in MCF-7 breast cancer cells. Treatment of 560
pg/ml PS extract for 48 h, resulted in the reduction of Bcl-
2, clAP-1, clAP-2, Survivin and XIAP protein levels by
2.8-, 3.2-, 2.8, 2.5- and 2.2- fold in MCF-7 cells, respec-
tively (Table 1). Moreover, PS extract treatment signifi-
cantly induced Bad, Bax, Cytochrome ¢ and
SMAC/Diablo protein levels by 4.2-, 3.0-, 3.6-, and 4.0-
fold in MCF-7 cells, respectively (Table 1).

Table 1: Fold changes of apoptosis related proteins in
MCEF-7 cells after treatment with 560 pg/ml PS extract for
48 h. The results are the mean of three independent exper-
iments (£SD).

Protein name Fold change
Bad +42+1.0
Bax +3.0+0.2
Bcl-2 -2.8+0.4
CIAP-1 -3.2+0.8
CIAP-2 -2.8+0.4
Cytochrome ¢ +3.6+1.2
SMAC/Diablo +4.0+0.8
Survivin -25+0.2
XIAP 22+1.2

4 Discussion

Plants are considered as a source of structurally diverse,
bioactive compounds with specific biological activities.
They have been used for therapeutic purposes due to their
anti-inflammatory, antioxidant, antimicrobial, and anti-
tumor activities [12],[13].

Pinus genus are widely distributed around the world [5].
Various parts of these trees including pine needles, cones,
and pollen, are widely consumed as food or dietary sup-
plements [4]. Some species are frequently used for their
medicinal effects such as diuretic and expectorant activi-
ties. Moreover, it is used to treat diseases including pul-
monary, hepatic, urinary, hypertensive disorders, hyper-
tension, atherosclerosis, and diabetes [4], [14]. Several
effective bioactive compounds have been isolated from
different Pinus species including carotene, terpenoids,
phenolic compounds, tannin, and alkaloids [5]. The pres-
ence of phytochemicals such as alkaloids, phenols, and
terpenoids in plant extracts has been associated with the
anticancer activity. Jung et al., investigated the cytotoxic
effect of the distilled pine needle extracts on several can-
cer cells including T47D, MDA-MB-231 and MWT7A
breast cancer cells and SNU-354 hepatoma cells. They
found that T47D and MDA-MB-231 cell lines showed
lower inhibition (12%), however, MH7A and SNU-354
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cell lines showed more inhibition (64% and 72%, respec-
tively) by the extract treatment [15]. Hoai et al., also stud-
ied the methanol extract of Pinus sylvestris on both estro-
gen receptor positive and negative breast cancer cells. The
needle extract inhibited all the tested breast cancer cells
showing selectivity to estrogen receptor negative breast
cancer cells (MDA-MB-231 with the ICso value of 35
pg/ml) [16]. PS, the endemic variety of the Anatolian
Black Pine, is one of the species of the two endemic pines
in Turkey [10]. As far as we know, there is no scientific
exploration of cytotoxic activity of PS extract in the litera-
ture. Thus, in this study, we evaluated the cytotoxic effect
of ethanolic PS extract on MCF-7 breast cancer cells. The
extract inhibited the viability of breast cancer cells in a
time- and concentration-dependent manner with the 1Cso
value of 560 pg/ml at 48 h. The higher ICso value of the
PS extract may be due to different exposure time or ex-
traction method. Kwak et al. demonstrated that Pinus
densiflora ethanolic extract inhibited the viability of
KATO human gastric cancer and MCF-7 cells with the
ICsp values of 209 pg/ml and 241 pg/ml, respectively [5].
However, Sarvmeili et al., prepared the hydroalcoholic
and phenolic extracts of Pinus eldarica and they calculat-
ed the 1Cso values for HeLa and MCF-7 tumor cell lines as
0.038 and 0.032 pg/ml, respectively, at 48 h [17]. Moreo-
ver, we have shown that PS extract decreased the MMP in
breast cancer cells which indicate the apoptotic activity in
breast cancer cells. The ability of anticancer compounds to
induce apoptosis in tumor cells has become a therapeutic
approach. It is demonstrated that plant extracts and com-
pounds derived from plants may have pro-apoptotic prop-
erties and great potential for possible cancer treatment
[14].

Induction of apoptosis by PS extract was found to be
through inhibiting anti-apoptotic Bcl-2, clAP-1, clAP-2,
Survivin and XIAP protein levels in breast cancer cells.
Additionally, pro-apoptotic proteins such as Bad, Bax,
Cytochrome ¢ and SMAC/Diablo were found to be in-
duced by the extract treatment. Similar results were ob-
tained from other Pinus species previously. Involvement
of mitochondria and related proteins in the cytotoxic ef-
fect of Pinus massoniana bark extract (PMBE) was
demonstrated by Ma et al. [18]. They revealed that cyto-
chrome ¢ was released, the protein expressions of Bax,
caspase-9 and -3 were increased and the protein expres-
sion of Bcl-2 was decreased in PMBE-treated HelLa cells.
PMBE was also tested on HepG2 human hepatoma cells
and found to be apoptotic through caspase-dependent
pathways. Moreover, the extract decreased the Bcl-2 pro-
tein levels in these cells [19]. Huynh and Teel found that
pycnogenol extracted from the bark of Pinus maritima
selectively induces apoptosis in MCF-7 human breast
cancer cells [20].

39

This report describes the cytotoxic and apoptotic effects of
endemic Pinus species on MCF-7 breast cancer cells for
the first time. Although the isolation and structure elucida-
tion of the active compounds is needed to be performed in
the further studies, it is likely that PS extract may be a
potential candidate for the development of novel therapeu-
tic anticancer compounds for breast cancer. Since Turkey
has such rich plant diversity, we propose that endemic
plants with unrelated ethnomedicinal history might be
used in throughput screens for the discovery of novel
compounds for cancer therapy.
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