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Curcumin and paclitaxel induce cell death
in breast cancer cell lines
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Abstract. Breast cancer is one of the major health issues
confronting women; however, treatment with conventional
chemotherapeutic drugs is limited. Currently, paclitaxel is
used as a therapeutic clinical agent to treat breast cancer that
exerts antitumor activity in numerous types of cancer cell.
Curcumin (diferuloylmethane), a polyphenol derived from
turmeric (Curcuma longa), possesses several properties that
could enable it to exert an anticancer effect. Previous reports
have demonstrated the synergistic effects of several chemo-
therapeutic drugs in combination with curcumin. Therefore,
the aim of the current study was to evaluate cell death induced
by curcumin and paclitaxel alone and in combination in human
breast cancer cell lines: MCF7, an epithelial and luminal-like
adenocarcinoma cell line triple positive for estrogen and
progesterone receptor,and MDA-MB-234, a metastatic human
breast cancer cell line triple negative for such receptors, as well
as MCF-10F as a normal breast cell line. The results indicated
that curcumin and paclitaxel induced apoptosis and necrosis,
which was demonstrated through multiple methods, including
assays of caspase-3/7 activity, Annexin V, poly(ADP-ribose)
polymerase-1 activation and protein expression of caspase-3,
nuclear factor (NF)-«xB transcription factor and proliferating
cell nuclear antigen. The results identified that the combina-
tion of curcumin and paclitaxel had a decreased effect on
apoptosis in the malignant MDA-MB-231 cell line compared
with in MCF7 or MCF-10F. It was demonstrated that the
combined treatment with curcumin and paclitaxel resulted in
a higher level of apoptosis compared with either substance
alone in breast cancer cell lines. Therefore, breast cancer
treatment may benefit from the use of a combination of drugs
in chemotherapy.
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Introduction

Breast cancer is a heterogeneous disease and one of the major
health issues confronting women. Its initiation and progres-
sion could be influenced by numerous factors, including
environmental and genetic factors (1-3). Currently, treatment
with conventional chemotherapeutic drugs for breast cancer is
limited, due to issues including poor solubility and multidrug
resistance (4). Challenges in breast cancer treatment include
the combinations of chemotherapeutic drugs that lead to
adverse effects, a high level of heterogeneity from patient to
patient, and long-term drug administration, with resistance
and recurrence of cancer following treatment (5,6).

Paclitaxel is a first-line therapeutic clinical agent used
to treat breast cancer, which exerts its antitumor activity by
promoting the polymerization of tubulin and stabilizing the
resulting microtubules, causing cell cycle arrest that leads to
apoptosis of cancer cells (7). However, paclitaxel resistance
often occurs after a short period of treatment, causing a serious
problem in chemotherapy that eventually results in the patient
succumbing to the disease due to tumor metastasis (7,8).

In recent decades, natural products have formed an impor-
tant part of drug discovery. Among these natural products,
curcumin (diferuloylmethane), a hydrophobic polyphenol
derived from turmeric (Curcuma longa) has been used for
the treatment of numerous diseases, including cancer (9).
Curcumin possesses several beneficial properties, including
anti-inflammatory, anti-metastatic and anti-carcinogenic
effects, as well as acting as an inhibitor of tumor forma-
tion (10,11). Curcumin is considered to be a chemopreventive
and chemotherapeutic agent that exerts in vitro anticancer
activities in breast cancer cells, inducing apoptosis through
modulation of anti- and pro-apoptotic proteins such as B-cell
lymphoma 2 (Bcl-2) and Bax, respectively (10,11).

Apoptosis, a type of programmed cell death, is an essential
process for regulating homeostasis by eliminating redundant
and abnormal cells, and is associated with various diseases,
particularly cancer (12). Apoptosis is deregulated in carci-
noma, thus, is one of the most studied processes in cancer
therapy. In general, apoptosis is controlled by two principal
pathways, including the death receptor-mediated (extrinsic)
and the mitochondrial-dependent (intrinsic) pathways (13).
The latter process is initiated by loss of membrane integrity
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and mitochondrial depolarization, which is regulated by
members of the Bcl-2 protein family, triggering the release of
cytochrome c into the cytosol, thereby activating caspase-3 as
an effector (13).

Poly(ADP-ribose) polymerase-1 (PARP-1) is another
molecule involved in several key biological processes,
including apoptosis, cell proliferation control, replication and
DNA damage repair (14). PARP is a target of caspase protease
activity and is also associated with apoptosis. When PARP
detects DNA damage, it is auto-modified and recruits repair
factors to the DNA damage sites (15,16). Defects in DNA repair
lead to genomic instability and play a critical role in cancer
development. Abnormal PARP-1 expression has been reported
in various cancer types; increased PARP-1 expression was
noted in various cell lines exhibiting tumor progression (14).

Nuclear factor-xB (NF-kB), a protein complex that
controls transcription of DNA, is involved in modulation of
inflammatory response through expression of multiple pro-
inflammatory proteins (17). Tumor cells may enhance NF-«xB
activity through increasing cytokine release from stromal
cells and fibroblasts in the tumor microenvironment. NF-«xB
overexpression has largely been manifested in triple-negative
breast cancer (17). A previous study reported constitutive acti-
vation of NF-kB, resulting in overexpression of anti-apoptotic
genes in breast cancer. However, the precise mechanisms for
activation of NF-kB are not clear (18).

The function of proliferating cell nuclear antigen (PCNA)
is essential for the maintenance of genomic integrity in
actively growing cells. PCNA serves key functions in the
metabolism of nucleic acid. Its primary function is in DNA
replication, but it is also involved in RNA transcription,
chromatin assembly, cell cycle control and DNA excision
repair (19). PCNA is expressed in actively proliferative human
cancer cells, and it is identical to a ‘cyclin’ protein identified
in cell proliferation (20).

In the current study, we aimed to ascertain whether
curcumin and paclitaxel induced apoptosis, analyzed by
protein expression and flow cytometry, in MCF-10F MCF7
and MDA-MB-234 cell lines. MCF-10F is an immortalized
breast cell line that retains all of the characteristics of normal
epithelium in vitro, including anchorage-dependence, non-
invasiveness and non-tumorigenicity in nude mice. MCF7 is
an epithelial and luminal-like adenocarcinoma cell line triple
positive for estrogen and progesterone receptor. MDA-MB-234
is a metastatic human breast cancer cell line triple negative for
such receptors. The aim of the current study was to evaluate
the effect of curcumin and paclitaxel in human breast cancer
cell lines on loss of membrane integrity, caspase expression,
PARP function and NF-kB expression, and their associated
effects on apoptosis.

Materials and methods

Breast cancer cell lines. The MCF-10F cell line [American
Type Culture Collection (ATCC), Manassas, VA, USA] was
grown in DMEM/F-12 (1:1) medium supplemented with anti-
biotics (100 U/ml penicillin, 2.5 pg/ml amphotericin B and
100 pg/ml streptomycin; all from Thermo Fisher Scientific,
Inc., Waltham, MA, USA), 0.5 pg/ml hydrocortisone
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany),
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10 pg/ml of 5% equine serum (Biofluids, Inc., Rockville, MD,
USA) and 0.02 pg/ml epidermal growth factor (Collaborative
Research, Inc., Bedford, MA, USA). MCF7 cells (HTB-22™;
ATCC) were grown in Minimum Essential Medium supple-
mented with 10% fetal bovine serum (FBS). MDA-MB-231
cells (HTB-26™; ATCC) were grown in RPMI supplemented
also with 10% FBS. The cells were incubated at 37°C with 5%
CO, until reaching 70% confluence. Curcumin and paclitaxel
(Sigma-Aldrich; Merck KGaA) were dissolved in dimethyl
sulfoxide (DMSO) (0.1%). All treatments were performed
at 37°C. Cells were harvested and seeded at 4x10° cells/ml
culture medium into T75 flasks (Corning Costar, Corning,
NY, USA). After a 24-h pre-incubation period allowing cells
to attach, the culture medium was replaced by either medium
without drugs or medium with 30 M curcumin and/or 10 nM
paclitaxel for 48 h.

CellEvent Caspase-3/7 assay. To determine apoptosis by
activation of caspase 3/7, the CellEvent Caspase-3/7 green
detection reagent kit (Thermo Fisher Scientific, Inc.) was used.
The kit contains a substrate for activated caspases 3 and 7,
producing a fluorogenic response indicative of apoptosis. This
was used together with the SYTOX® AADvanced dead cell
stain (Thermo Fisher Scientific, Inc.) to discriminate necrotic
from live cells. The fluorescence emission maximum of the
dye was at ~520 nm. The acquisition process started following
30 min of incubation and analysis was performed using
Beckman Coulter FC500 Flow Cytometry system with CXP
software (Beckman Coulter, Inc., Brea, CA, USA) within 1 h.
Experiments were performed in triplicate.

7-Amino actinomycin D (7-AAD)/Annexin V assay.
Phosphatidylserine (PS) is located inside the cell membrane
in normal cells and is transferred to the surface during the
early stage of cell apoptosis. Annexin V, a Ca**-dependent
phospholipid binding protein, has a strong binding affinity
for PS. An Annexin V-FITC/7-AAD staining kit was used to
assess curcumin or paclitaxel-induced cell apoptosis. MCF7
and MDA-MB-231 cell lines were cultured to 70% confluence,
and then curcumin and/or paclitaxel was added. After 48 h,
cells were harvested and washed twice with pre-cooled PBS
and then resuspended in 1X binding buffer at a concentration
of 1x10° cells/ml. Then, 100 ul of this solution (1x10° cells)
was mixed with 10 yl Annexin V-FITC and 20 ul 7-AAD
(Beckman Coulter), according to the manufacturer's instruc-
tions. The mixed solution was incubated at room temperature
(25°C) in the dark for 15 min. Then, 400 yxl 1X dilution
buffer was added to each tube. Analysis was performed using
Beckman Coulter FC500 Flow Cytometry system with CXP
software (Beckman Coulter) within 1 h. Experiments were
performed in triplicate.

PARP cleavage. PARP cleavage was used to detect DNA
damage in the cell cultures (PE Mouse Anti-Cleaved PARP,
Asp214; BD Biosciences, San Diego, CA, USA). Curcumin
(30 uM) and/or paclitaxel (10 nM) were added per 1x10°
proliferating breast cells. Cells were incubated for 48 h at
37°C. Cells (treated and untreated) were washed with cold
PBS; then re-suspended in Cytofix/Cytoperm™ solution at
2x10° cells/ml. Cells were kept for 20 min on ice. Cells were
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Figure 1. (A-C) Effect of curcumin (Cur) and paclitaxel (Ptx) on apoptosis in the MCF-10F, MCF7 and MDA-MB-231 cell lines, analyzed by labeling with
CellEvent Caspase 3/7 kit for apoptosis detection. (D-F) Histograms represent the percentage of cell distribution. Data are presented as the mean + standard

error of the mean of three independent experiments.

pelleted, aspirated and the Cytofix/Cytoperm solution was
discarded. Then, cells were washed twice at room temperature
with 0.5 ml Perm/Wash™ buffer per 1x10° cells, and the super-
natants were discarded. Cells were re-suspended in Perm/Wash
buffer at 10x10%ml. Test samples were aliquoted at 1x10° cells
per 100-u1 test. Antibody (20 pl per test) was added, and incu-
bated for 30 min at room temperature. Each test was washed in
1.0 ml Perm/Wash Buffer and the supernatant was discarded.
Each test was re-suspended in 0.5 ml Perm/Wash Buffer and
analyzed by flow cytometry. Analysis was performed using
Beckman Coulter FC500 Flow Cytometry system with CXP
software (Beckman Coulter) within 1 h. Experiments were
performed in triplicate.

Western blot analysis. To determine protein expression,
western blotting was performed. Cells were lysed with 1 ml
lysis buffer (pH 7.2; Tris Base, 50 mM), NaCl (100 mM),
EDTA (1 mM), orthovanadate (1 mM), PMSF (I mM) and
Triton X-100 (0.1%) and centrifuged (13,200 rpm, 15 min).
The supernatant with cellular proteins was dissolved in
SDS-PAGE sample solution containing 60 mM Tris (pH 6.5),
10% (w/v) glycerol, 5% (w/v) B-mercaptoethanol, 20% (w/v)
SDS, and 0.025% (w/v) bromophenol blue and denatured by
boiling (2 x 5 min), and vortex mixing (2 x 30 sec). The total
amount of protein was 50 g in each lane with standard protein
markers (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Following fractionation by SDS-PAGE on gels (7x14 cm),
proteins were electro-blotted onto PVDF membranes (GE
Healthcare, Chicago, IL, USA) using a blotting apparatus
(Bio-Rad Laboratories, Inc.). Membranes were blocked for

2 h in 10% non-fat dry milk-TBS-0.1% Tween-20 and then
incubated for 2 h at room temperature with corresponding
primary antibodies (1:200): NF-xB (sc-53744), caspase-3
(sc-7148), PCNA (sc-56), and p-actin (sc-47778). This was
followed by incubation with secondary peroxidase-conjugated
mouse IgG (1:5,000; Cell Signaling Technology, Inc., Danvers,
MA, USA) in 5% non-fat dry milk-TBS-0.1% Tween-20. All
steps were performed at room temperature, and blots were
rinsed between incubation steps with TBS-0.1% Tween-20.
Cell blots were probed with mouse anti (3-actin antibody as
control. Immunoreactive bands were visualized using the
ECL™ Western Blotting Detection Reagent detection method
(GE Healthcare) and exposure of the membrane to X-ray film.
Protein determination was performed using the Bicinchoninic
Acid Method (Bio-Rad Laboratories, Inc.) with BSA as the
standards. Experiments were performed in triplicate.

Statistical analysis. Data are expressed as the average + stan-
dard error of the mean. Comparisons between untreated and
treated groups were analyzed by analysis of variance and
Dunnett's test. P<0.05 was considered to indicate a statistically
significant difference. Assays were performed at least three
times independently.

Results

The present study evaluated the apoptotic effect of curcumin,
paclitaxel and their combined administration in human
breast cancer cell lines MCF-10F, MCF7 and MDA-MB-231.
Apoptosis and necrosis were analyzed by flow cytometry using
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Figure 2. (A and B) Flow cytometric analysis for membrane integrity of breast cancer cells by 7-AAD/Annexin V kit. Apoptotic effects of curcumin (Cur) and
paclitaxel (Ptx) were evaluated in (A) MCF7 and (B) MDA-MB-231 cell lines compared with their control. Upper left quadrant (K1) indicates cells undergoing
necrosis; upper right quadrant (K2), cells at the end stage of apoptosis; lower left quadrant (K3) indicates cells that are viable, or exhibit no measurable apop-
tosis and lower right quadrant (K4) indicates cells undergoing apoptosis. (C and D) Histograms represent the percentage of cell distribution. The percentage of

cells in apoptosis was determined by CXP software.

the Cell Event Caspase-3/7 kit and 7-AAD/Annexin V assay,
and by western blotting, analysis of PARP protein activation,
and evaluation of cell proliferation via PCNA.

Analysis of caspase 3/7 activity. A distinctive feature of
the early stages of apoptosis is the activation of caspases.
This was evaluated in the current study using the Cell Event
Caspase-3/7 kit. Fig. 1A-F shows dot-plot and representative
graphs with results that indicate the effect of curcumin, pacli-
taxel and the combined treatment on caspase 3/7 activity, as
analyzed by flow cytometry. Fig. 1A indicates that paclitaxel
induced a higher level of apoptosis (83.6%) compared with
curcumin (64.7%) or the combined treatment (75.2%) in the
MCEF-10F cell line. Paclitaxel alone induced only 7.3% of
necrosis. However, curcumin alone induced 35.3% and the
combined treatment induced 24.7% necrosis in the MCF-10F
cell line (Fig. 1A and D). However, the results in Fig. 1B
indicate that curcumin (65.9%) and the combined treatment
(85.4%) induced a higher level of apoptosis compared with
paclitaxel alone (0.9%) in the MCF7 cell line and there was
no significant induction of necrosis by any treatment given
(Fig. 1B and E). As indicated in Fig. 1C, curcumin induced
14.2% apoptosis and 19.4% necrosis in the MDA-MB-231
cell line. There was no evidence of necrosis following pacli-
taxel or combined treatment in the MDA-MB-231 cell line
(Fig. 1C and F).

Analysis of cell membrane integrity. The loss of membrane
integrity was analyzed by 7-AAD/Annexin V assay
(Fig. 2A-D). As shown in Fig. 2A and C, paclitaxel or the
combined treatment induced increased levels of apoptosis
(85.5 and 85.3%, respectively) compared with curcumin alone
(4.6%) in the MCF7 cell line. In contrast, no significant effect
on apoptosis was observed following paclitaxel or curcumin
treatment in the MDA-MB-231 cell line compared with the
control (Fig. 2B). However, combined treatment with pacli-
taxel and curcumin induced 79.9% apoptosis (Fig. 2B and D).
However, necrosis was not observed in these two cell lines.

Analysis of PARP activation. Since PARP is a target of caspase
protease activity and is also associated with apoptosis, its acti-
vation was evaluated in the present study (Fig. 3A-F). A total
of 99.5% of cells treated with curcumin, paclitaxel and the
combined treatment had induced PARP-cleavage activation in
the MCF-10F cell line (Fig. 3A). A graph of these results is
presented in Fig. 3D. A similar percentage of cells exhibited
PARP activation in the MCF7 cell line, as indicated in Fig. 3B.
A graph of these results is presented in Fig. 3E. On the other
hand, only curcumin treatment induced PARP activation in the
MDA-MB-231 cell line (Fig. 3C).

Western blot analysis. The results of the western blot analysis
of the MCF7 and MDA-MB-231 cell lines following treat-
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ment with curcumin alone, paclitaxel alone and combined
with paclitaxel are shown in Fig. 4A-F. Curcumin alone and
combined with paclitaxel significantly decreased caspase-3
protein expression in the MCF7 cells (P<0.05; Fig. 4A),
as analyzed by western blotting. Curcumin alone and the
combined treatment significantly decreased caspase-3 expres-
sion in the MDA-MB-231 cell line (P<0.01; Fig. 4D).

NF-«B is a transcription factor that regulates the expres-
sion of hundreds of genes that are involved in regulating cell
growth and apoptosis pathways in the cytoplasm. As indi-
cated in Fig. 4B, curcumin and paclitaxel alone significantly
decreased NF-kB protein expression in the MCF7 cell line
(P<0.01). By contrast, paclitaxel alone significantly increased
NF-kB protein expression in the MDA-MB-231 cell line
(P<0.05; Fig. 4E).

PCNA was analyzed in the current study since it is involved
in numerous molecular pathways responsible for the life and
death of mammalian cells. As indicated in Fig. 4C, curcumin
or paclitaxel did not induce any significant changes in PCNA
protein expression in the MCF7 cell line. However, as shown in
Fig. 4F, curcumin alone significantly inhibited PCNA protein
expression in comparison with the control in MDA-MB-231
cells (P<0.05).

Discussion

In the present study, the induction of apoptosis was studied
through several processes that indicate cell death, cell
necrosis, activation of proteins and protein expression. Among
the substances analyzed, curcumin and the combined treat-
ment with curcumin and paclitaxel induced a lower rate of

apoptosis compared with paclitaxel alone in the MCF-10F cell
line. However, curcumin and the combined treatment induced
a higher rate of apoptosis compared with paclitaxel alone in
the MCF7 cell line, and there was no induction of necrosis
by any treatment. It was notable that there was no evidence
of necrosis following paclitaxel or combined treatment in the
MDA-MB-231 cell line.

In apoptosis, caspase-3 is the most important effector. This
molecule is inactive inside the cell. Once the apoptotic cascade
is triggered, it undergoes cleavage and subsequent activa-
tion (21). The current study indicated that curcumin alone
and combined with paclitaxel decreased caspase-3 protein
expression in the MCF7 and MDA-MB-231 cell lines. Similar
results have been obtained with curcumin in the Tumor2 cell
line (22). On the other hand, drugs such as 5-FU were found to
increase caspase-3 expression in Tumor2 and MDA-MB-231
cell lines as an indication of apoptosis (23). The ability of
curcumin to induce apoptosis in tumor cells, and/or potentiate
apoptosis induction by classical chemotherapeutic drugs,
supports its potential in anticancer therapies. It has previously
been indicated that curcumin activates caspase-3 (24). Others
have found that the combination of Trichostatin A with 20 mM
of curcumin increased caspase-3 cleavage products (24). It has
been demonstrated that dimethoxy curcumin, an analogue of
curcumin, has good chemical and metabolic stability, influ-
encing the activation of caspase-3 in vitro and in vivo (25). It
has also been reported that combined paclitaxel and curcumin
enhances caspase-3/7 activities in SKOV3 and SKOV3TR
cells (26).

It is interesting to note that apoptosis may be evaluated via
two methods involving caspase 3/7 and Annexin V; however,
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p-actin was used as an endogenous control protein.

in principle these two processes detect apoptosis in different
ways. Caspase 3/7 determines apoptosis through activation of
effector caspases, while Annexin V is related to loss of cell
membrane integrity evidenced by phosphatidylserine migra-
tion from the inner to outer cellular surface of the membrane.

Paclitaxel (10 nM) combined with curcumin (30 xM)
induced loss of membrane integrity, indicating increased
apoptosis in comparison with curcumin alone in the MCF7
cell line. However, only combined treatment induced apoptosis
in the MDA-MB-231 cell line. Previous results indicated that
the concentrations used were similar (27-29). Other studies
have demonstrated the apoptotic effect of curcumin combined
with paclitaxel via decreased gene expression of Bcl-xL in
comparison with the control or with either substance alone

in MCF7 and MDA-MB-231 cell lines. The results indicated
that curcumin or paclitaxel alone, as well as combined treat-
ment, decreased Bcl-2 and increased Bax protein expression in
comparison with the control in MCF7 cells (27).

Activation of PARP was evaluated in the current study as a
target of caspase protease activity, and is associated with apop-
tosis. It was notable to observe that 99.5% of cells treated with
curcumin, paclitaxel or combined treatment induced PARP
activation in the MCF-10F cell line. A similar percentage of
cells was observed to induce PARP activation in the MCF7
cell line. Previous results found that PARP-1 was cleaved upon
curcumin treatment in the malignant and tumorigenic Tumor2
cell line from an experimental breast cancer model exposed to
ionizing radiation (alpha particles) and estradiol (28-30). This
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is similar to the results for the metastatic MDA-MB-231 cell
line in the current study, in which only curcumin treatment
induced PARP activation or cleavage.

Previous studies have indicated that curcumin is a phar-
macologically safe compound, and it has therapeutic potential
in preventing breast cancer metastasis, possibly through
suppression of NF-«B, an important transcription factor. It
has been demonstrated to be involved in regulating apoptosis.
The current results indicated that either curcumin or paclitaxel
alone significantly decreased NF-xB protein expression in the
MCF7 cell line, and combined treatment slightly decreased
NF-kB protein expression in the MDA-MB-231 cell line.
However, paclitaxel alone increased NF-«xB protein expression
in the MDA-MB-231 cell line, indicating possible resistance
to this drug that is counteracted by curcumin when they are
combined. It has previously been observed that curcumin
suppresses NF-kB activation, and most chemotherapeutic
agents activate genes that mediate proliferation, which is
why it was ascertained whether curcumin would potentiate
the effect of chemotherapy in breast cancer cell lines in the
current study. Curcumin decreased expression of NF-xB in
the current study, supporting the conclusion of other reports
that the mechanism of proliferation and inhibition induced by
combined effect of paclitaxel and curcumin is through NF-«xB
inhibition (27).

Previous results indicated that NF-kB is altered by
curcumin (29). Since curcumin suppresses NF-xB activa-
tion and most chemotherapeutic agents activate genes that
mediate cell survival, proliferation, invasion and metastasis,
it was analyzed whether curcumin would potentiate the effect
of chemotherapy in breast cancer cell lines (27). Curcumin
decreased expression of NF-kB, supporting the conclusion
of other reports that the mechanism of growth inhibition
induced by combined effect of paclitaxel and curcumin is
through NF-«B inhibition. It was previously demonstrated that
curcumin suppresses the paclitaxel-induced NF-xB pathway
in breast cancer cells by inhibiting lung metastasis of human
breast cancer in nude mice (27). The current results indicated
that the NF-kB gene and protein expression increased in the
MCF-7 and MDA-MB-231 cells compared with controls.

In the current study, PCNA protein expression was not
altered by curcumin or paclitaxel in the MCF7 cell line, but
was inhibited in MDA-MB-231 by curcumin alone. These
results are similar to those published by Calaf and Hei (28),
in which curcumin inhibited PCNA protein expression in an
in vitro breast cancer progression model. It may be concluded
that both curcumin and paclitaxel induce apoptosis by regu-
lating NF-xB expression in malignant breast cell lines, since
this molecule is a master modulator of several mechanisms,
including apoptosis and cell proliferation.
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