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Abstract trans-Resveratrol (trans-R) has been reported to
be a potential cancer chemopreventive agent. Although its
cytotoxic activity against different cancer cell lines has been
tested, its effect on human acute leukemia cell lines has
scarcely been investigated, and only a few in vitro studies
were performed using human breast epithelial cell lines.
Due to its potential value for human health, demand for
trans-R has rapidly increased, and new biotechnological
strategies to obtain it from natural edible sources have been
developed. Thus, grapevine cell cultures represent a reliable
system of trans-R production since they biosynthesize
trans-R constitutively or in response to elicitation. In addi-
tion, there are no studies deepen on the inhibitory effect of
trans-R, produced by elicited grapevine cell cultures, on
growth of human tumor cell lines. In this work, the effect
of trans-R extracted from the culture medium, after elicita-
tion of grapevine cell cultures, was tested on two human
acute lymphocytic and monocytic leukemia cell lines, and
one human breast cancer cell line. The effect of trans-R on
cell proliferation was not only dose- and time-dependent but
also cell type-dependent, as seen from the different degrees

of susceptibility of cancer cell lines tested. As regards the
effect of trans-R on cell cycle distribution, low trans-R con-
centrations increased cells in the S phase whereas a high trans-
R concentration increased G0/G1 phase in all cell lines. Per-
turbation of the cell cycle at low trans-R concentrations did
not correlate with the induction of cell death, whereas a high
trans-R concentration, cell proliferation decreased as a result
of increasing apoptosis in the three cell lines. In leukemia
cells, trans-R up-regulated the expression of caspase-3 while
trans-R-induced apoptosis in breast cells occur through a
caspase-3-independent mechanism mediated by a down-
regulation of Bcl-2.
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Introduction

Resveratrol is a simple molecule of stilbene nature that has
been extensively investigated since the first scientific paper
described its possible preventive effect against cancer in
mice [1]. This 3,5,4′-trihydroxystilbene, whose active
trans-form (trans-R) is found in low amounts in some edible
fruits and many plant families, has become the focus of
many studies and publications, especially due to its possible
beneficial effect on human health [2].

As a result of its antioxidant [3] and anti-inflammatory
[4] properties, it has been suggested that trans-R may play a
role in the prevention of cardiovascular diseases and might
also act as chemopreventive against certain types of cancer
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[2]. Moreover, trans-R appears to protect against obesity
and diabetes [2], and neurodegenerative and ageing diseases
[5]. Regardless of these potential benefits for human health,
less than 10 human clinical trials have been described to
characterize its protective role in these diseases, although
more than one hundred experimental studies have been
performed with animals, and numerous in vitro studies have
been developed [2]. One of the most striking biological
activities of trans-R that has been investigated is its chemo-
preventive effect against cancer. This property was first
noted from an extract of Cassia quinquangulata that inhibit
the three stages of carcinogenesis [1]. Since then, trans-R
has been considered as a synonym of a naturally occurring
molecule possessing chemopreventive activity, and research
into this compound has gradually gathered momentum.
Despite the limited number of human studies, there is suffi-
cient available scientific data to suggest that trans-R is a
disease-preventive compound in humans [2]. As regards its
cancer chemopreventive activity based on animal studies,
Vang et al. [2] concluded that there is sufficient evidence to
support a chemopreventive effect of trans-R on the devel-
opment of skin cancer in mice, and the results on the
prevention of colon cancer were also considered promising.
However, the effects of trans-R on other cancer types need
to be investigated in more detail before recommending
clinical trials. As regards its cytotoxic activity against cancer
cell lines, although more than 900 in vitro studies have been
carried out, its effect on human acute leukemia and breast
cell lines have been scarcely investigated (only about 10
publications up to 2008 [6]) and no more than thirty using
human breast cell lines [6, 7].

The inhibition of abnormal cell proliferation through the
modulation of cell cycle progression is one of the most
important strategies for chemoprevention as well as chemo-
therapy. trans-R inhibits the proliferation of cancer cell lines
trough signalling molecules involved in regulating the cell
cycle progression [8]. Moreover, multiple lines of evidence
suggest that trans-R induces apoptosis by activating pro-
apoptotic signalling molecules as well as by inhibiting anti-
apoptotic molecules of intracellular signal transduction
pathways [9]. Due to its high potential value for human
health and the relatively low amounts obtainable from nat-
ural edible sources, new biotechnological strategies have
been used to increase the levels of trans-R. In this way,
grapevine cell cultures represent a reliable system of trans-R
production because grapevine plants biosynthesize trans-R
constitutively or in response to stress, which can be
exploited by elicitation. In fact, the most significant success
in increasing the trans-R content from Vitis cell cultures has
been achieved using cyclodextrins (CDs) [10]. CDs are used
in the food, pharmaceutical and chemical industries to sol-
ubilize non-polar compounds (like trans-R) in aqueous me-
dia. Under CD elicitation, grapevine cell cultures produce

high levels of trans-R, mainly due to the fact that CDs
chemically resemble the pectic oligosaccharides released
from cell walls during fungal attack, and grapevine cells
respond to their presence by synthesizing trans-R. In fact,
Vitis cell cultures treated with CDs are able to produce more
than 3,000 mg trans-R/l, which is secreted and accumulated
in the culture medium, facilitating its extraction [10]. There-
fore, CDs act not only as inducers of trans-R biosynthesis
but also as promoters that remove trans-R from the medium,
reducing both feedback inhibition and trans-R degradation,
and allowing its accumulation in high concentrations [10].
In this work, the cytotoxic effect of this trans-R source
extracted from the culture medium after elicitation of grape-
vine cell cultures with CDs was tested on two human acute
lymphocytic and monocytic leukemia cell lines, and one
human breast cancer cell line.

Materials and Methods

Plant Material

V. vinifera cv Monastrell calli were established in 1990 as
described by Calderón et al. [11]. Grapevine cell cultures
derived from them have been routinely maintained by peri-
odical subcultures as described by Belchí-Navarro et al.
[10].

Elicitor Treatments and trans-R Analysis

Elicitation experiments were performed in triplicate using 12–
14 day old Monastrell cell cultures as described by Belchí-
Navarro et al. [10]. After elicitation, aliquots of the extracel-
lular medium were analyzed in a HPLC (Agilent, Germany)
equipped with ESI-MS (Agilent, Germany) as described by
Lijavetzky et al. [12] using Data Analysis v 2.1.

Human Cancer Cell Lines and Culture Conditions

Human acute leukemia cell lines, JURKAT E.6 and THP-1,
were cultured as described by Fernández-Pérez et al. [13].
The human breast epithelial cell line MCF-7, an estrogen
receptor-positive cell line derived from an in situ carcinoma,
was grown in EMEM medium supplemented with 10 %
fetal bovine serum, 2 mM glutamine, 100 g/ml streptomy-
cin, 100 U/ml penicillin, 1 mM sodium pyruvate and
0.1 mM amino acid solution (Sigma-Aldrich, Spain).
JURKAT E.6 and THP-1 cells were seeded at 100,000
cells/ml and MCF-7 at 50,000 cells/cm2 in tissue culture
flasks. All cells were maintained at 37 °C in a 5 % CO2

atmosphere with 95 % humidity, and were cultured every
five days. Cell growth of three cell lines was characterized
to ensure exponential growth throughout the experimental
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period, and a linear relationship between absorbance and
cell number.

Measurements of Cell Growth by MTT or XTT Assays

All cells were seeded in 98-well microtiter plates at the dif-
ferent cell densities described above for 24 h. Then, cells were
treated with different trans-R concentrations (10, 30 and
90 μM, using methanol as solvent at a final concentration of
0.13 %) for 24, 48, 72 and 96 h. At the end of each treatment,
JURKAT E.6 and THP-1 cell proliferation was detected using
XTT and phenazine methosulfate (Sigma Aldrich, Spain) as
described by Fernández-Pérez et al. [13]. In the case of MCF-
7 cell line, cell proliferation was measured with 1 mg/ml MTT
solution (Sigma-Aldrich, Spain) for 4 h as described by Joe et
al. [14]. Control cells were incubated under identical condi-
tions without adding trans-R. In this case, in each microplate
assay 10 % (v/v) DMSO was included as positive internal
control while the culture medium and 1 % (v/v) methanol
were included as negative and solvent controls, respectively.
The effect of trans-R on the cell lines was quantified as the
percentage of viability in relation with non-treated cell viabil-
ity (control) (% cell viability 0 (absorbance test/absorbance
control) x 100).

Cell Cycle Distribution Analysis by Flow Cytometry

The effect of trans-R on cell cycle distribution was evalu-
ated by flow cytometry as described by Lee et al. [15] with
minor modifications. For this, JURKAT E.6 and THP-1 cell
lines were seeded at 5×105 cells/well and MCF-7 cell line at
3×105 cells/well in 12-well microtiter plates. All cell lines
were treated with different trans-R concentrations (0, 10, 30
and 90 μM) and analyzed after 72 h incubation. After treat-
ments, 200 μl of 1×106 cells/ml were fixed by addition of
2 ml of cold ethanol-phosphate buffered saline (PBS) (70–
30 %) and then, samples were incubated for 30 min at 4 °C.
Prior to staining, cells were centrifuged (150g at 24 °C for
10 min) and resuspended in 800 μl of PBS. Cells were
treated with 100 μl of RNase (1 mg/ml) and 100 μl propi-
dium iodide (PI, 400 μg/ml) (Sigma-Aldrich, Spain) for
30 min at 37 °C in the dark. The fluorescence of stained
cells was analyzed in a Fluorescence Activated Cell Sorting
flow cytometry (Becton Dickinson, USA) and relative gated
cells in each cell cycle phase were determined. Data acqui-
sition and analysis were performed using CellQuest soft-
ware for 30,000 cellular events per sample.

Apoptosis Analysis by Flow Cytometry

A double staining flow cytometric assay combining fluores-
cein diacetate (FDA) (Sigma-Aldrich, Spain) and PI was
used for the detection of apoptotic cells. For this, cells were

seeded in 12-well microtiter plates at the same cell density per
well described above. All cell lines were treated with 10, 30 and
90 μM of trans-R, and apoptosis was measured after 72 h
incubation. For this, cells were incubated with 20 μl of FDA
solution (50 μg/ml) and 100 μl of PI (400 μg/ml) for 30 min at
room temperature. Then, cells were analyzed in a Coulter Epics
XL™ flow cytometer (Beckman Coulter, USA). Analyses were
performed on 30,000 cells, which were acquired at 300 cells/s.

Western Blot of SDS-PAGE

Cells were harvested after 72 h of trans-R treatment, washed
and lysed with cold lysis buffer PBS pH 7.4 with 1 %
Nonidet P-40, 0.5 % desoxicolate, 0.1 % SDS and serine
protease inhibitors (1 mM phenylmethylsulfonyl fluoride
and 1 mM benzamidine hydrochloride) (Sigma-Aldrich,
Spain). Protein concentration in the resulting lysate was
determined according to the Bradford Bio-Rad protein assay
using BSA as standard [16]. Proteins (20–30 μg) were
separated by electrophoresis using 12 % polyacrylamide
gels, and then transferred to PVDF membranes using a Mini
Trans-Blot apparatus (BioRad, Spain) as described by Jimé-
nez-Atiénzar et al. [17]. Then, PVDF membranes were
incubated overnight at 4 °C in TBS-T (10 mM Tris-ClH,
pH7.4, 150 mM NaCl, 0.1 % Tween 20 containing 1 % non-
fat milk) and the appropriated primary antibodies diluted as
specified by the manufacturer. Membranes were washed and
incubated with the corresponding HRP-conjugated second-
ary antibody (Sigma-Aldrich, Spain) at 1:2000 in TBS-T for
1 h, under constant stirring, at 25 °C. Finally, protein bands
were detected on the membranes using the reaction medium
for peroxidase activity staining as described by Jiménez-
Atiénzar et al. [17]. In all the experiments, a control was
carried out after the transfer by incubating a PVDF membrane
with this staining solution.

Statistical Analysis

Experiments were repeated at least three times, and all data are
given as the mean ± SD. Data were analyzed by ANOVA to
confirm data variability and the multiple comparisons of
means. All statistical analyses were performed with SPSS
v.13.0. P values ≤0.05 were considered statistically significant.

Results and Discussion

Analysis by HPLC-ESI-MS

The extract obtained from elicited grapevine cell cultures
was analyzed by HPLC-ESI-MS and showed only one peak,
corresponding to trans-R with a high degree at 98 % purity,
(results not shown), therefore, any potential cytotoxic
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activity of this extract could only be due to the presence of
trans-R.

Effect of trans-R on Cell Proliferation

Proliferation arrest is one of the most important effects of
trans-R on cancer cells from different origins [18]. To
determine the inhibitory effect of trans-R on JURKAT E.6,
THP-1 and MCF-7 cell lines, cells were treated with differ-
ent trans-R concentrations for 96 h. The doses of trans-R
(μM range) used in the experiments were comparable with
the concentrations of trans-R that accumulate in liver and
kidney following oral administration to mice [19]. The
median inhibitory concentration (IC50) values after 72 h
incubation were 29.3±3.5, 21.7±3.7 and 60.5±2.9 μM for
JURKAT E.6, THP-1, and MCF-7 cell lines, respectively.
As shown by their IC50 values, both JURKAT E.6 and THP-
1 cell lines were more sensitive to trans-R than MCF-7 cell
line. This might be due to the higher proliferation rate of
JURKAT E.6 and THP-1 cells compared with the MCF-7
cell line (data not shown). Leukemia cells may absorb and
metabolize trans-R faster [20], and therefore manifest a
stronger cytotoxic effect than that shown by MCF-7 cells.
Some in vitro studies have tested the effect of trans-R
obtained from different sources on HL60, a human promye-
locytic leukemia cell line, and found higher IC50 values
(around 70 μM, depending on the trans-R source used: P.
cuspidatum extracts or chemically synthesized, [14, 21])
than those obtained in our experiments. As regards the
trans-R effect on MCF-7 cells, IC50 values of around
100 μM have been found using both commercial (Sigma,
[7, 22]) and natural trans-R sources (P. cuspidatum, [14]). In
addition, trans-R showed a dose and time-dependent inhib-
itory effect on cell viability in all cancer cell lines (Fig. 1). In
fact, Pozo-Guisado et al. [23] and Lee et al. [15] showed that
treating human breast cancer cell lines with increasing
trans-R concentrations resulted in a marked reduction in
the number of viable cells in a time- and dose-dependent
manner. However, although growth inhibition was depen-
dent on trans-R concentration in all cell lines, it was more
pronounced in JURKAT E.6 and THP-1 than in MCF-7
(Fig. 1a, b). In fact, MCF-7 cells were less sensitive to all
concentrations of trans-R at all the incubation times tested
(Fig. 1c). In addition, when trans-R concentrations ranging
from 30 to 100 μM were used, cell growth decreased in all
cell lines (p<0.05) from 48 h of incubation onwards. Like-
wise, a low trans-R concentration (10μM) increased cell
viability in MCF-7 cells at 72 and 96 h of incubation
compared with the control. This stimulatory effect at low
trans-R concentrations was also observed in MCF-7 cells
using trans-R concentrations of 10–20 μM [24]. The re-
sponse of MCF-7 cells to treatment with low and high
concentrations of trans-R was biphasic (Fig. 1c), as

previously was reported [15, 22] for MCF-7 and HL-60 cell
lines, respectively. However, this biphasic effect was cell
type-dependent since it was not observed in JURKAT E.6 or
THP-1 cell lines (Fig. 1a, b). Therefore, the effect of trans-R
is not only dose- and time-dependent but also cell type-
dependent, as seen from the different degrees of suscepti-
bility of the three cell lines tested in this study.

Effect of trans-R on Cell Cycle Distribution

Having seen that trans-R decreased cell viability, the effect
of this molecule on cell cycle distribution was analyzed
(Fig. 2). For this, cells from JURKAT E.6, THP-1 and
MCF-7 were exposed for 72 h to different trans-R concen-
trations (10, 30 and 90 μM) before staining with PI, and the
DNA concentration in single cells was determined by flow
cytometry. At a low trans-R concentration (10 μM), an
accumulation of cells in S phase was observed in JURKAT
E.6 (from 31.9 to 41.9 %) and THP-1 (from 20.6 to 33.9 %).
In contrast, the populations of cells in the G0/G1 phase were
reduced by this treatment (Fig. 2a, b). Similarly, the con-
centration of 30 μM caused an increase in the number of
cells in the S phase and a corresponding decrease of cells in

Time (h)Time (h)

a

b

c

Fig. 1 Effect of trans-R on cell proliferation in JURKAT E.6 (a),
THP-1 (b) and MCF-7 (c) cells. Cells were treated with different
concentrations of trans-R during different times of incubation. Treat-
ments significantly different from control were considered at p<0.05.
Data are presented as mean ± SD
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the G0/G1 phase. However, at a high trans-R concentration
(90 μM), an accumulation of THP-1 and JURKAT E.6 cells
in the G0/G1 phase (from 8 to 13.7 and from 20.4 to
54.8 %, respectively) and a decrease of cell fraction in the
S phase was observed compared with the treatment of
30 μM of trans-R (Fig. 2a, b). When MCF-7 cells were
incubated with a low trans-R concentration (10 μM), no
effect on cell cycle distribution was observed (Fig. 2c). In
contrast, 30 μM trans-R resulted in a significant accumula-
tion of cells in the S phase (from 14.9 to 46.8 %), concom-
itant with a diminishing number of cells in the G2/M phase
compared with the control (p<0.05). However, the histo-
gram of the DNA content in MCF-7 cells treated with
90 μM trans-R showed a significant increase in G0/G1

phase cells (from 53.5 to 62.9 %), while the population of
cells in the S phase was significantly lower than that ob-
served using 30 μM trans-R (p<0.05). Taken as a whole,
these results on cell cycle distribution indicate that concen-
trations of trans-R between 10 and 30 μM increase the
number of cells in the S phase, particularly in JURKAT
E.6 and THP-1, whereas a high concentration increases the
cell population in the G0/G1 phase in all cell lines. This
biphasic effect of trans-R on cell cycle distribution has been
also described by Pozo-Guisado et al. [25] and Singh et al.
[7] working with MCF-7 cells. These authors reported that
at a low trans-R concentration (50 μM), cell accumulation
in the S phase could be due to the low rates of cell death in
the face of a significant decrease in cell proliferation. Sim-
ilarly, Komina et al. [8] and Wesierska-Gadek et al. [18] also
observed this behaviour in human HL-60 leukemia and
MCF-7 cells, respectively. Moreover, Lee et al. [15] ob-
served a significant increase of cells in the G0/G1 phase in
HL-60 leukemia cells treated with 100 μM trans-R, while
the population of cells in S- and G2/M-phase decreased.
Different explanations have been given for cell cycle block-
age in the S phase after treatment with trans-R. The effect
could be related to the direct involvement of trans-R in
DNA replication through the inhibition of ribonucleotide
reductase and DNA polymerase activities [26], which are
essential for DNA synthesis. In this sense, the decrease in
ribonucleotide reductase activity could contribute to anti-
proliferative activity of trans-R by partially inhibiting cell
cycle progression through the S phase. Many other studies
have correlated trans-R effects with key protein regulation
in the cell cycle, where it would decrease the protein activ-
ities that control DNA transcription (e.g., NF-κB) [27] or
activate proteins that regulate cell cycle progression (e.g.,
p53 and p21WAF1/CIP1) [23]. Indeed, Pozo-Guisado et al.
[23] suggested that the treatment of MCF-7 cells with
trans-R, induced cell accumulation and blockage in the S
phase as a result of p21WAF1/CIP1 (cyclin-dependent kinase
inhibitor) induction in the presence of increased levels of
p53 protein.

trans-R Induces Apoptotic Cell Death

Perturbation of the cell cycle is a prerequisite for the induc-
tion of apoptosis. For this reason, the possible apoptotic
effect of trans-R on JURKAT E.6, THP-1 and MCF-7 cell
lines was analyzed by flow cytometry using FDA-PI double
staining (Fig. 3). It was seen that concentrations ranging
from 0 to 30 μM of trans-R did not affect the percentage of
apoptotic cells in any of the three cell lines. In contrast, a
high trans-R concentration (90 μM) increased the percent-
age of apoptotic cells in all cases (p<0.05). These results
suggest that treatment with low trans-R concentrations
decreases cell proliferation by blocking the cell cycle rather
than by inducing cell death. On the contrary, at high trans-R
concentrations, cell growth diminishes as a result of increas-
ing cell death in all cell lines. Similar results were described
by Pozo-Guisado et al. [23] and Singh et al. [7] using MCF-
7 cells. In fact, these authors observed that 50 μM trans-R

trans-R (µM)

*
*

*

* *

*

*

*

* *
*

*

* *

a

b

c

Fig. 2 Effect of trans-R on cell cycle distribution in JURKAT E.6 (a),
THP-1 (b) and MCF-7 (c) cell lines. Cells were treated with 0, 10, 30
and 90 μM trans-R for 72 h. The different phases of cell cycle were
represented as G0/G1 (black), S (white) and G2/M (gray). Treatments
significantly different from control were considered at p<0.05. Data
are presented as mean ± SD
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did not alter chromatin distribution in the nuclei of MCF-7
cells, whereas a concentration of 100 μM induced chromatin
condensation and nuclear fragmentation, which suggests the
presence of apoptotic cells. Similarly, Lee et al. [15] and Joe
et al. [14] demonstrated that high concentrations of trans-R
(100 and 300 μM, respectively) provoked apoptosis in HL-
60 leukemic cells. As it can be observed in Fig. 3, leukemic
cells showed different degrees of sensitivity at high trans-R
concentrations since the percentage of apoptotic JURKAT
E.6 cells was greater than that found in THP-1 cells, sug-
gesting a differential response according to the leukemic cell
type in question.

To deepen our knowledge of the apoptotic effect of high
trans-R concentrations, we studied how this compound
affects the expression levels of Bcl-2 and caspase-3, proteins
which are involved in the regulation of cell apoptosis in all
three cancer cell lines. Bcl-2 belongs to a family of proteins
that prevent irreversible cellular damage. Bcl-2 is an integral
membrane protein mainly located in the outer membrane of
mitochondria and its over-expression prevents cells from
undergoing apoptosis in response to a variety of stimuli
[28]. Caspase-3 protein is a member of the cysteine-
aspartic acid protease family. The sequential activation of
caspases plays a central role in the execution-phase of cell

apoptosis, and this protease is considered to be the most
important executor caspase and can be activated by any of
the initiator caspases [29]. The three cancer cell lines were
treated with 10, 30 and 90 μM of trans-R, and the expres-
sion levels of anti-apoptotic Bcl-2 and caspase-3 proteins
were determined by Western blotting after 72 h of incuba-
tion (Fig. 4). As it can be observed, trans-R up-regulated the
expression of caspase-3 in JURKAT E.6 and THP-1 but Bcl-
2 expression was not significantly up-regulated compared
with control cells. Moreover, trans-R induced apoptosis
through caspase-3 activation in JURKAT E.6 and THP-1
cell lines in a dose-dependent manner. Similar results were
found by Cakir et al. [21] in leukemia cells treated with
trans-R, where apoptosis was induced through caspase-9
activation and subsequent caspase-3 activation. In contrast,
the expression of caspase-3 in MCF-7 cells was found to be
negligible at all the trans-R concentrations tested (data not
shown), suggesting the absence of functional caspase-3 [7].
In fact, Janicke [30] showed that MCF-7 cells were caspase-
3 deficient. Moreover, trans-R inhibited the expression of
anti-apoptotic gene product Bcl-2 in MCF-7 cells (Fig. 4).
Indeed, the levels of Bcl-2 were down-regulated in a dose-
dependent manner, an effect that was especially highlighted
when a high trans-R (90 μM) concentration was used.
Similar results were found [22] when a human breast cancer
cell line was treated with 105 μM trans-R. They also ob-
served that the levels of an anti-apoptotic Bcl-x protein were
down-regulated. In addition, Pozo-Guisado et al. [31] sug-
gested the induction of caspase-3/-8-independent apoptosis
through the down-regulation of Bcl-2 in trans-R-treated
MCF-7 cells. In agreement with this author, our data strong-
ly suggest that trans-R-induced apoptosis in MCF-7 cells
could take place through a caspase-3-independent mecha-
nism, which is mediated by the down-regulation of Bcl-2.

In conclusion, the effect of natural trans-R on cell pro-
liferation is not only dose- and time-dependent but also cell
type-dependent, as seen by the different degrees of suscep-
tibility of the leukemia and breast cancer cell lines tested. In
addition, trans-R affected both cell cycle distribution and

trans-R (µM)trans-R (µM)

*

*

Fig. 3 Effect of trans-R on apoptotic cell death in JURKAT E.6, THP-
1 and MCF-7 cell lines. Cells were treated with 0, 10, 30 and 90 μM
trans-R for 72 h. Treatments significantly different from control were
considered at p<0.05. Data are presented as mean ± SD
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Fig. 4 Effect of trans-R on
Bcl-2 and caspase-3 expression
levels in JURKAT E.6, THP-1
and MCF-7 cell lines. Cells
were treated with 0, 10, 30 and
90 μM trans-R for 72 h

Plant Foods Hum Nutr (2012) 67:422–429 427



cellular apoptosis in a dose-dependent manner since low
trans-R concentrations induced an increase of cells in the
S phase, an accumulation that was higher in the leukemia
cell lines than those derived from breast cancer cells. How-
ever, a high trans-R concentration increased the number of
cells in the G0/G1 phase in all three cell lines. These results
suggest that treatment with low concentrations of trans-R
decreased cell proliferation by blocking the cell cycle, rather
than by inducing cell death. In contrast, a high concentration
of trans-R decreased cell proliferation as a result of apopto-
sis which is induced in all the cell lines. In leukemia cell
lines, trans-R up-regulated the expression of caspase-3 but
Bcl-2 expression was not significantly up-regulated. In con-
trast, trans-R-induced apoptosis in breast cancer MCF-7
cells could occur through a caspase-3-independent mecha-
nism mediated by the down-regulation of Bcl-2.
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