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RESEARCH ARTICLE

The Association Between Apoptotic Bak Protein
And Quercetin in Breast and Colon Cancer Cell
Lines
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The Association Between Apoptotic Bak Protein And
Quercetin in Breast and Colon Cancer Cell Lines
Summary

Meme ve Kolon Kanser Hücre Dizilerinde Apoptotik Bak
Proteini ve Kersetin Arasındaki İlişki
Özet

Bak protein, which is one of the proteins stimulating apoptosis,
leads to cell apoptosis by causing cytochrome c release
from mitochondria membranes and followed by caspase
activation. The aim of this study, the aim was to investigate
the effect of quercetin, a flavonoid that has several biological
activities especially the induction of antiproliferative effect
and apoptosis in breast and colon cancer cell lines, on Bak
protein. MCF-7 and CaCo-2 cell lines were treated with
quercetin doses of 25, 50 and 100 µM. After the treatment,
levels of Bak protein was investigated by staining with
immunohistochemical method at 24th, 48 th and 72 nd hours. It
was found that quercetin increased the Bak percentage at 24,
48, and 72 hours, with the most significant increase in the
MCF-7 cell line was with 100 µM quercetin concentration
at 48 hours and the most significant increase in the CaCo-2
cell line was with 25 µM quercetin concentration at all time
points. In conclusion, it was found that quercetin is effective
on levels of Bak protein and can also induce apoptosis via this
mechanism and furthermore it was observed that this effect
may appear in different cells at different concentrations and
hours.

Apoptozu uyaran proteinlerden Bak proteini, mitokondri
zarlarından sitokrom-c’nin salınımını, devamında da
kaspaz aktivasyonunu sağlayarak hücreyi apoptoza götürür.
Çalışmamızda meme ve kolon adenokarsinoma hücre
dizilerinde, özellikle antiproliferatif etki ve apoptoz indükleme
olmak üzere çeşitli biyolojik aktiviteleri bulunan bir flavonoid
olan kersetinin Bak proteini üzerine etkisinin incelenmesi
amaçlanmıştır. Çalışmamızda, MCF-7 ve CaCo-2 hücre
dizilerine, kersetinin 25, 50, 100 µM konsantrasyonlarda
uygulandı. Uygulama sonrasında 24., 48. ve 72. saatlerde Bak
proteini immunohistokimyasal yöntemle boyanarak incelendi.
Kersetinin 24., 48. ve 72. saatlerde kontrol gruplarına göre
% Bak oranını artırdığı, MCF-7 hücre dizisinde en anlamlı
artışın 48. saat 100 µM, CaCo-2 hücre dizisinde tüm saatlerde
en fazla 25 µM kersetin konsantrasyonunda olduğu belirlendi.
Çalışmamızın sonucunda kersetinin Bak proteini üzerine
etkili olduğu ve bu şekilde de apoptozu indükleyebileceği
belirlenmiş olup, bu etkinin farklı hücrelerde farklı doz ve
saatlerde olabileceği gözlendi. Ayrıca kersetinin CaCo-2
hücre dizisinde Bak proteini miktarını artırmada daha etkili
olduğu göze çarpmaktadır.
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INTRODUCTION
Apoptosis, also known as programmed cell death,
is mediated by external and internal signals (13). Entrance of cells into apoptosis in cytoplasmic
(extrinsic) pathway via extracellular signals occurs
by binding of signal proteins such as Fas and TNF
to the receptors on the target cell, which stimulates
apoptotic pathway and stimulating the pathway to
apoptosis (2,4). The caspases and Bcl-2 proteins are
involved in the entrance of the cell into apoptosis via
intracellular signals in the mitochondrial (intrinsic)
pathway. The caspase gene family encodes the
proteins that lead apoptosis of cells (2,3). The
Bcl-2 gene family members encode for apoptosis
stimulating (proapoptotic) and apoptosis inhibiting
(anti-apoptotic) bcl proteins, which show these
effects by acting antagonistically on each other. Of
the members of this gene family, proteins such as Bcl2, Bcl-XL and Mcl-1 inhibit apoptosis, while proteins
such as Bax, Bad, Bid, Bak, and Bcl-xs stimulate
apoptosis (1,3,4).
The apoptosis stimulating proteins of Bcl-2 family,
which also include the Bak protein, apoptosis of
cells in the mitochondrial pathway by causing the
release of cytochrome c (cyt-c) from mitochondrial
membranes and then followed by caspase activation
(1,4). All factors stimulating apoptosis such as DNA
damage, growth factor (GF) deficiency, stimulation
of the death receptors, radiation, and chemotherapy
etc. may lead apoptosis of cells (1,4,5).
It is reported that dietary flavonols might play a
role in the prevention of breast cancer, which is
the leading cause of death in women and which
develops due to several factors such as genetic
characteristics, hormones, and environmental
factors (6,7). It was shown that flavonols may reduce
the risk of developing breast and other cancers and
may increase the cytotoxicity in the cancer cells by
stopping the cell cycle and inducing apoptosis (8).
The food constituents preventing the development
of colorectal cancer are thought to increase apoptosis
by leading to DNA damage and therefore believed to
represent an important mechanism in the prevention
of cancer (9). These food constituents include
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butyrate, flavonoids and glucosinates. Flavonoids
are low molecular weight compounds that are
present in plants. The average daily dietary intake of
flavonoids is 1 gram or more (10).
Quercetin, a flavonoid, is present in vegetables
and fruits like onion, tomato, green tea, apple
and strawberry (6,11,12). Quercetin constitutes 25
milligrams of the total flavonoids taken by daily
diets (13).
Quercetin has several biological activities such as
antiproliferative effect and apoptosis induction
(14, 17). In addition, it was reported that quercetin
induces apoptosis via induction of growth inhibition,
increasing of the number of cells in the sub-G1 phase,
decreasing of the Bcl-2 protein level, and increasing
of the Bax level, caspase-3 and PARP expression
(8,15,16).
Studies regarding to the effect of quercetin in human
colon cancer cell lines, was reported that quercetin
inhibits survivin and cyclin D1 expression in Wnt/
β signal pathway and inhibits the growth of cancer
cells by regulating the genes related to cell cycle and
apoptosis, and upregulating the tumor suppressor
genes (18-21).
Natural compounds and many chemotherapeutic
agents can have antitumor effects in cancer cells
by triggering apoptosis (22-25). While it is believed
that the intracellular targets of quercetin, which
has significant antitumor activity, have different
molecular pathways, the exact mechanisms of this
activity are unclear (8, 26).
In order to contribute to the understanding of these
pathways, it was aimed to investigate effects of
quercetin on Bak protein, which stimulates apoptosis
in breast and colon cancer cells.
MATERIALS AND METHODS
In this study, the human breast cancer cell line
MCF-7 and the human colon cancer cell line CaCo2 were used. The cells were seeded into 4-well
chamber slides specifically designed for the staining
procedure. MCF-7 cells were grown using RPMI 1640
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(Roswell Park Memorial Institute 1640, Biological
Industries Ltd., Haemek, Israel) supplement with
10% fetal calf serum (Sigma-Aldrich Inc., St. Louis,
USA) and penicillin-streptomycin (Sigma-Aldrich
Inc., St. Louis, USA). CaCo-2 cells were grown in a
culture medium, called Eagle’s minimal essential
medium (Biowest, Nuaillé,France) containing 10%
fetal calf serum and penicillin-streptomycin. Cells
were maintained in a 5% CO2 atmosphere at 37ºC.
The seeded cells were divided into four groups as
follows: control (untreated) group group and 25, 50,
and 100 µM quercetin (Sigma-Aldrich Inc., St. Louis,
USA) groups. These groups were examined at three
different time points (24th, 48 th and 72 nd hours), 24
hours after the seeding procedure, the medium over
the cells were removed from the chamber slides using

pipettes. Only fresh medium was applied to cells in
the control group, while media containing quercetin
concentrations were applied to cells in treatment
groups. The media of the treatment groups were
prepared so as to contain quercetin concentrations
of 25, 50, and 100 µM per milliliter of medium by
dissolving in dimethly sulfoxide [(DMSO) SigmaAldrich Inc., St. Louis, USA]. Cells were incubated
for 24, 48 and 72 hours and then were fixed in
flasks with fixation solution (Aseton:Methanol, 1:1).
Immunohistochemical staining was performed by
streptavidine-biotin-peroxidase staining method
with the use of immunohistochemical detection
kit (Lab vision Corporation, Fremont, CA, USA).
Afterwards, the immunohistochemical staining
steps were followed. Thereafter, they were treated
with substrat-chromogen solution (AEC) until

A

B

C

D

Figure 1. The immunohistochemical images of the Bak protein in the MCF-7 and CaCo-2 cell lines. MCF-7
cell line; (A) at 48th hours in the control group; (B) at 48 th hours with 100 µM quercetin. CaCo-2 cell line; at 48
th
hours in the control group, (D) 25 µM quercetin-treated group at 48 th hours.
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staining was seen, after which cells were exposed
to hematoxylin. Preparations were mounted with
mounting solution. The cells were examined under
inverted microscope in a double-blind manner. For
immunohistochemical index calculation, values that
were obtained by counting the stained cells in five
different randomly selected areas in each of the three
different preparations (approximately 100 cells in
each of the areas) were formulated as follows (15):
Immunohistochemical index: (Staining cells/Total
cells) x 100
The cells were examined under inverted microscope
following incubation with the primary antibody
appropriate for the Bak protein.
The comparisons between the groups were performed
using one way variance (One way ANOVA) analysis,
the Tukey and Holm-Sidak methods were used as the
multiple comparison test and p<0.05 was considered
significant. All analyses were performed using SPSS
15.0.
RESULTS
In this study, effects of the three different
concentrations of quercetin on the Bak percentage at
the specified hours in all groups are shown in Table 1.

When the effects of the quercetin concentrations
on Bak percentage in the MCF-7 cell line were
examined in comparison with the control group, it
was observed that there was a statistically significant
increase compared to control group, there was a
significant increase in Bak percentage of MCF-7 cell
line with the quercetin concentration of 100 µM at 48
hours.
When the effects of the quercetin concentrations
on Bak percentage in the CaCo-2 cell line were
examined in comparison with the control group, it
was found that with the quercetin concentration of
25 µM there were significant increases at all three
time points, with the greatest increase observed at
48th hours. Among quercetin concentrations, the
concentration of 50 µM increased the Bak percentage
at 72nd hours and the 100 µM concentration at 24th and
72nd hours. No differences were observed at the other
concentrations and hours, compared to the control
group.
According to these results, it was considered that
quercetin increases the Bak protein amount and this
polyphenol increases was found to be statistically
more effective in CaCo-2 compared to MCF-7 cell
lines suggesting that it may be more effective in
colon cancer compared to breast cancer.

Table 1. The Bak percentages of the MCF-7 and CaCo-2 cell line groups by hours and concentrations.
Groups and Concentrations

MCF-7

CaCo-2

Groups

Concentrations
(µM)

Control (Con)

0

55.62 ±2.10000 52.98 ±0.55104 56.58 ±2.24542 45.586 ±0,793 51.126 ±1.071 45.906 ±0.811

25

55.09 ±1.21000 61.85 ±2.74596 62.95 ±0.82281 59.640 ±1.132 63.856 ±0.392 61.520 ±1.211

50

52.99 ±2.50272 59.44 ±3.48762 58.02 ±1.38597 49.070 ±0.655 53.840 ±0.672 53.943 ±1.563

100

57.41 ±1.56321 66.76 ±3.69487 57.50 ±2.77162 54.006 ±1.583 55.966 ±1.572 56.233 ±0.534

Quercetin (Q)

Statistical Analysis

24th hour

72 nd hour

24 th hour

48 th hour

72 nd hour

Con-Q25 n.s

Con-Q25 n.s

Con-Q25 n.s

Con-Q25 ***

Con-Q25 ***

Con-Q25 ***

Con-Q50 n.s

Con-Q50 n.s

Con-Q50 n.s

Con-Q50 n.s

Con-Q50 n.s

Con-Q50 **

Con-Q100 n.s

Con-Q100 *

Con-Q100 n.s

Con-Q100 **

Con-Q100 n.s

Con-Q100 **

Results are shown as mean ±S.E.values (n = 3)
not significant (ns), *p <0.05, **p <0.01, ***p <0.001)

86

48 th hour

FABAD J. Pharm. Sci., 34, 83-89, 2009

DISCUSSION
While the dietary polyphenols were demonstrated to
decrease the risk of chronic diseases such as cancer,
the exact mechanism is not clear (27). Studies have
shown that quercetin induces apoptosis in cancer
cells. In a study of A549 and H1299 human lung
cancer cells, it was reported that quercetin induced
apoptosis in a dose-dependent manner (29).
The studies in MCF-7 cell line show that quercetin
may lead to various morphological changes, which
can cause apoptosis, and can induce the growth
inhibition (14,16,28). A study of the human colon
adenocarcinoma cell line SW480 also found that
quercetin reduced the cell viability in a dose- and
time-dependent manner and induced apoptosis
dose-dependently (18).
Along with these studies showing the apoptosis
inducing effects of quercetin, there are ongoing
studies investigating the effects of quercetin on the
different apoptotic pathways in order to determine
its molecular targets. One of these studies, found
that quercetin decreases the Bcl-2 protein level in the
MDA-MB-231 breast cancer cell line, increases the
Bax level, leads to an increase in the number of cells
in the sub-G1 phase, and increases the caspase-3 and
PARP expression (8,15).
A study of CaCo-2 human colon adenocarcinoma
cell line reported that the 5-μM concentration of
quercetin downregulates the expression of cell
cycle genes, downregulates the cell proliferation
and induces the stoppage of cell cycle. This study
was also demonstrated that the cell proliferation
decreased by 51.3%, however the percentage of cells
in the G1 phase decreased and the percentage of cells
in the subG1 phase increased with administration of
quercetin (19).
Another study of colon carcinoma CO115 cell line
shows that 100 μmol quercetin inhibits the cell
growth in G1/S and G2/M phases by affecting the

genes associated with cell cycle and apoptosis (21).
It is reported that quercetin induces apoptosis in the
human prostate cancer cells by inhibiting Bcl-2 via the
induction of Bax and regulating insulin-like growth
factor binding protein-3; in the hepatoma HepG2
cells by inhibiting phosphoinositol 3- kinase/Akt
and extracellular regulatory pathway; and in human
lung cancer A549 cells via caspase-3 activation and
mitochondria-dependent pathways (30,31).
In another study of quercetin, 24-hour administration
of quercetin was reported to inhibit cell proliferation
in the colon and breast adenocarcinoma cell lines in a
dose-dependent manner (33).
Furthermore, it was reported that quercetin increases
the DNA fragmentation in a dose-dependent manner
and triggers apoptosis via caspase activation in the
human leukemia U937 cells (32).
As suggested by above-mentioned studies, quercetin
can show its effect via different pathways. In a study,
the human liposarcoma SW 872 cell line was treated
with 25, 50 and 100 µM concentrations for 24, 48
and 72 hours and it was observed that apoptosis
increased in a time- and dose-dependent manner. In
that study, where this increase was indicated to be
associated with membrane potential loss, the growth
inhibitory effect of quercetin was reported to be
resulted from the stimulation of apoptosis that was
demonstrated by mitochondrial membrane potential
loss, degradation of PARP, downregulation of Bcl-2
and the activation of caspase-3, Bax, and Bak (34).
That study determined that quercetin increased Bak
protein level, hence apoptosis in a dose- and timedependent manner. In conclusion, present study
was found that the Bak protein levels increased
compared to control group, but this increase was
not dose- and time- dependent. Most importantly, it
was concluded that quercetin may be more effective
on the colon adenocarcinoma cell line than breast
adenocarcinoma cell line.
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