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Bik subcellular localization in response to
oxidative stress induced by chemotherapy, in
Two different breast cancer cell lines and a
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ABSTRACT: Cancer chemotherapy remains one of the preferred therapeuticmodalities againstmalignancies despite its damaging
side effects. An expected outcome while utilizing chemotherapy is apoptosis induction. This is mainly regulated by a group of
proteins known as the Bcl-2 family, usually foundwithin the endoplasmic reticulum or themitochondria. Recently, these proteins
have been located in other sites and non-canonic functions have been unraveled. Bik is a pro-apoptotic protein, which becomes
deregulated in cancer, and as apoptosis is associated with oxidative stress generation, our objective was to determine the
subcellular localization of Bik either after a direct oxidative insult due to H2O2, or indirectly by cisplatin, an antineoplastic agent.
Experiments were performed in two human transformed mammary gland cell lines MDA-MB-231 and MCF-7, and one
non-tumorigenic epithelial cell line MCF-10A. Our results showed that in MCF-7, Bik is localized within the cytosol and that after
oxidative stress treatment it translocates into the nucleus. However, inMDA-MB-231, Bik localizes in the nucleus and translocates
to the cytosol. In MCF10A Bik did not change its cellular site after either treatment. Interestingly, MCF10Awere more resistant to
cisplatin than transformed cell lines. This is the first report showing that Bik is located in different cellular compartments depend-
ing on the cancer stage, and it has the ability to change its subcellular localization in response to oxidative stress. This is associ-
ated with increased sensitivity when exposed to toxic agents, thus rendering novel opportunities to study new therapeutic
targets allowing the development of more active and less harmful agents. Copyright © 2015 John Wiley & Sons, Ltd.
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Introduction
Breast cancer is the world’s second most common type of cancer
and according to the WHO the most frequent in women
(GLOBOCAN, 2013). Because of its diverse clinical, histological
and molecular heterogeneity it is difficult to treat and predict its
outcome. At present, chemotherapy is one of the mainstays as it
has been successfully used as neoadjuvant and adjuvant therapy
(Arowolo et al., 2013; Carlson et al., 2006; Jiang et al., 2014). Other
approaches to treat breast cancer utilize radiation or biological
agents. Unfortunately, a great number of patients are resistant to
these therapies resulting in disease progression, relapse and re-
duced survival ( Jemal et al., 2007; Victorino et al., 2014). Therefore,
it is important to develop new chemotherapeutic agents adapted
to each patient’s characteristics and needs.

One of the expected results while using chemotherapy is apo-
ptosis induction. Apoptosis is a regulated cell death that can be
activated by several stimuli such as oxidative stress, radiation,
toxins, drugs, hormone and growth factors depravation, it controls
tissue proliferation rate by eliminating altered or damage cells.
Two main mechanisms have been described to induce apoptosis;
the first is the extrinsic pathway, which is activated by death
J. Appl. Toxicol. 2015; 35: 1262–1270 Copyright © 2015 John
receptors such as tumor necrosis factor receptor or FAS. The
second is the intrinsic pathway encompassing the mitochondrial
and the endoplasmic reticulum (ER) pathways, which might be in-
duced by different kind of stress such as DNA damage, oxidative
stress, viral infections, radiations, unfolded proteins, ATP depletion,
etc. The Bcl-2 proteins family is known for their participation dur-
ing cellular survival regulation. These compounds have been ana-
lyzed and studied and their members have been classified as
either anti- or pro-apoptotic (Chipuk et al., 2010; Czabotar et al.,
Wiley & Sons, Ltd.
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2014; Yang and Korsmeyer, 1996). It is also known that some Bcl-2
family members change their gene expression caused directly or
indirectly by antineoplastic agents (Kontos et al., 2014). Our group
described that Bcl-2 also increases its expression because of mild
oxidative stress (Luna-López et al., 2010). Well described is the
fact that some proteins in this family are able to modify their
subcellular localization, which in turn completely modifies their
function (Lin et al., 2004). It has been suggested that Bik has a role
in both, apoptosis induction and oxidative stress sensitivity (Bodet
et al., 2010). One interesting example is protein Bik (Chinnadurai
et al., 2008), which despite its pro-apoptotic role, has been found
overexpressed in malignancies (García et al., 2005; Lu et al.,
2006). The induction of Bik’s expression by the transcription factor
p53 or by the thyrotropic embryonic factor in response to oxida-
tive stress has been previously reported (Ritchie et al., 2009).
Hence, it is important to study if Bik is also susceptible to changing
its subcellular localization after oxidative stress exposure, induced
by chemotherapy. Oxidative stress was generated by two different
mechanisms, either directly using a known oxidant inductor such
as hydrogen peroxide (H2O2) or indirectly using the chemothera-
peutic agent cis-Diamino-Dichloro-Platin-II (cisplatin, CP), widely
used against several solid tumors (testicular, cervix, breast, ovarian,
etc.) (Nardon et al., 2014; Olaussen et al., 2006; Shaili, 2014) and
known to induce oxidative stress as part of its secondary effects
(Gómez-Sierra et al., 2014; Palipoch et al., 2014). Three human
mammary gland/breast cell lines were studied; the models were
chosen due to their proliferative potential and the stage of the dis-
ease they represent. Two transformed cell lines derived from ade-
nocarcinomas, MDA-MB-231 (ATCC HTB-26) and MCF-7 (ATCC
HTB-22) were used, along with a non-tumorigenic epithelial cell
line obtained from fibrocystic disease, MCF-10A (ATCC CRL
10317). It is important to remark that while MCF-7 is endocrine
and chemotherapy responsive (ER+, PR+/–, HER2–), MDA-MB-231
demonstrates only an intermediate response to chemotherapy
(ER–, PR–, HER2–) (Holliday and Speirs, 2011; Neve et al., 2006). When
grown in culture, MCF10 mammary epithelial cells present the
normal structures observed in normal human breast tissue, but
MCF-7 cells produce tightly cohesive structures with cell–cell adhe-
sions, which have been associated more with cellular proliferation
than with cellular metastasis (pre-metastatic stage III cancer); this is
in contrast to MDA-MB-231 cells that form loosely cohesive
grape-like structures consistent with a more invasive phenotype
(metastatic stage IV cancer). Therefore, utilizing transformed and
non-transformed cells lines are powerful experimental tools, which
allow us to understand different breast cancer stages. Information
obtained from these studies might translate into clinical benefits
in the future (Holliday and Speirs, 2011).

Our results showed that in MCF-7, Bik is localized in the cytosol
and after incubation with H2O2 or CP, this protein gradually
translocates into the nucleus. In MDA-MB-231 Bik localizes in the
nucleus and after oxidative stress exposure it does translocate to
the cytosol. In MCF10A cells, Bik did not change its cellular localiza-
tion after the treatments. Interestingly, MCF10A normal cells were
more resistant to CP than transformed cell lines.

Hence, we report for the first time that the anti-apoptotic pro-
tein Bik is located in different cellular compartments depending
on the cancer stage, and that this protein is able to change its
subcellular localization in response to oxidative stress. Apparently,
this is a particular characteristic of transformed cells, which make
them more susceptible to CP. More experiments are needed to
determine Bik’s role in such compartments, but the novel,
non-apoptotic, roles revealed for the Bcl-2 family proteins, might
J. Appl. Toxicol. 2015; 35: 1262–1270 Copyright © 2015 John
uncover new prospects in allowing the development of novel
therapeutic agents or targets.

Materials and methods

Chemicals

Most chemicals and reagents were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Reagents obtained from other
sources are detailed throughout the text.
Cell culture

Twobreast cancer cell linesMCF-7 (ATCCno.HTB-22) andMDA-MB-231
(ATCC no. HTB-26D), and a non-tumorigenic epithelial cell line,
MCF-10A (ATCC no. CRL-10317) were used in this study. MCF-7
and MDA-MB-231 cell lines were cultured in RPMI-1640 (GIBCO-BRL,
Gaithersburg, MD, USA) with 10% inactivated fetal bovine serum
(GIBCO-BRL), 1% non-essential amino acids, 100 U ml–1 penicillin
and 100μgml–1 streptomycin (GIBCO-BRL). MCF 10A cells were
grown in DMEM/F12 medium (GIBCO-BRL) and supplemented
with 5% horse serum, 10mgml–1 insulin, 100 ngml–1 cholera
toxin, 20 ngml–1 epidermal growth factor and 500 ngml–1 hydro-
cortisone (Invitrogen, Life technologies, Carlsbad CA, USA). The
medium was replaced every 3 days. Cells were trypsinized upon
reaching confluence and re-plated to continue time in culture.
Cells were grown at 37 °C in 60mm diameter culture multiwell
plates (Corning, Acton, MA, USA) in an atmosphere of 95% air
and 5% CO2.
Oxidative treatment and cellular viability

Cells were seeded at 1× 105 density into 24-well plates (Corning).
Cells were treated with 2, 4, 6, 8 or 16μM CP for different times:
12, 24, 36 and 48h. Another set of cells was treated with 200μM

H2O2 for 0.5, 1, 1.5 and 2h and cellular viability was assessed. To
determine cellular viability, MCF-7, MDA-MB-231 and MCF10A
treated cells were trypsinized and a 20μl aliquot was stained with
an equal volume of a 0.4% trypan blue physiological solution
(trypan blue exclusion). The number of living cells in 10μl of this
suspension was scored using five fields of a hemocytometer under
a phase contrast optical microscope as described elsewhere
(López-Diazguerrero et al., 2006).
Immunofluorescence assay

MCF-7, MDA-MB-231 and MCF10A treated cells were washed with
phosphate-buffered saline (PBS) and fixed with 4% paraformalde-
hyde for 30min; immediately thereafter, cells were incubated in
blocking buffer (2% bovine serum albumin, 0.2% non-fat milk,
0.4% Triton X100 in PBS) for 1 h at room temperature. Immunoflu-
orescence was performed as describe elsewhere (Alarcón-Aguilar
et al., 2014). Briefly, cells were washed and incubated for one more
hour with the primary antibody anti-Bik (ab52182; Abcam,
Cambridge, MA, USA). Cells were washed three times with
PBS-Tween 0.2% andwere incubated with the secondary antibody
(ALEXA 488 dilution 1: 200). After four more washes, cells were
further incubated with DAPI (10μgml–1) for 10min to stain the
DNA and mark the nucleus. Cells were washed twice again and
mounted with fluorescent mounting medium (Dako Cytomation,
Glostrup, Denmark). Singles plane images were obtained with a
confocal microscope LSM-780-NLO-Zeiss imaging at 40× with
Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/jat
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the Diodo Laser 405 nm for DAPI and Ar/ML 458/488/514 nm for
ALEXA FLUOR-488. Nuclear and cytosolic localization analysis was
specially performed using the ZEN2010 version 6.0 (Carl Zeiss,
Oberkochen, Germany).
Statistical analysis

Data are reported as the means ± SD for at least three indepen-
dent experiments performed by triplicate. The ANOVA test
followed by the Tukey-Kramer Test, were used to compare data.
A 0.05 level of probability was used as a minimum criterion of
significance.
Results

Cisplatin effect on cellular viability in breast cancer cell lines

To determine the concentration of CP that would be used to
evaluate Bik subcellular localization in MCF-7, MDA-MB-231 and
MFC10-A, cellular viability was evaluated in all cell lines after
CP treatment at different concentrations (0–16μM) and time
points (12, 24, 36, 48 h). Eight and 16μM CP reduced more that
50% viability during the first 12h and killed 100% of all three line
cells at 48h; therefore, those results are not shown in the figures.
As observed in Fig. 1(A), MCF-7 cells decreased 10% of their via-
bility when treated with 2μM CP for 12h and achieved their
lower viability (30% decrease) at 48 h. While with 4μM CP, viabil-
ity diminished 37% after 12 h treatment with a maximum of 77%
reduction after 48 h. With 6μM CP during the same determined
time points, viability decreased 35% at 12 and 48% at 24 h, find-
ing a greater decline (more than 70%) during the following
hours. The viability changes during all the treatments studied
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Figure 1. CP effect on cellular viability. CP effect on cellular viability was assess
(C) MCF10A cells were treated with different CP concentrations 2, 4, 6μM for 12
and methods. Statistical significance with respect to untreated cells *P< 0.05, *
CP treatment. Statistical significance with respect to MCF10A cells *P< 0.05, **
mean± SD of nine determinations performed in three independent experimen

Copyright © 2015 Johnwileyonlinelibrary.com/journal/jat
were statistically different against the control (P< 0.0001) with
the exception of 2μM CP at 12 h.

The effect of CP treatment on MDA-MB-231 viability is shown
in Fig. 1(B). No effects were observed during the first 24h of
the 2μM CP treatment, but viability drastically decreased, 66%,
at 36h and 74% at 48h. With 4μM CP at the evaluated time
points, cellular viability diminished 13%, 21%, 78% and 85% re-
spectively; and with 6μM CP the same behavior was observed, a
low effect during the first 24 h but a drastic decrease at 36 h
(87%) and at 48 h (93%). CP also inhibited viability in the cell
line MDA-MB-231 in dose- and time-dependent manner. In
MCF10A, cellular viability (Fig. 1C) only diminished 20% during
the first 24 h for 2 and 4μM CP and 25% at 6μM CP. The higher
decreases were observed until 36 h (50%) and 48h (75%). Tak-
ing into consideration all the aforementioned experiments,
6μM for 24 h were the chosen conditions used in the next ex-
periments, as at those conditions approximately 50% viability
was still maintained in all cell lines and significant differences
were observed among them (Fig. 1D).
H2O2 effect on cellular viability in breast cancer cell lines

Previous data from our lab and others (Burdon, 1995; Luna-López
et al., 2010; Pickering et al., 2012; Wiese et al., 1995) have shown
that 200μM H2O2 is an effective dose to induce acute cellular dam-
age at short times without killing the cells. However, to determine
the best induction time, all three cell lines were treated with
200μM H2O2 at diverse short times, 0.5, 1, 1.5 and 2h. MCF-7 viabil-
ity after 30min treatment with H2O2 diminished approximately
10%; 23% after 1 h and 55% at 2 h (Fig. 2A). All the data were sig-
nificantly different from the control (P< 0.005). H2O2 treatment
on the cell line MDA-MB-231 showed the same behavior (Fig. 2B).
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Figure 2. H2O2 effect on cellular viability. H2O2 effect on cellular viability was assessed in three different breast cancer cell lines. (A) MCF-7, (B) MDA-MB-231
and (C) MCF10A cells were treated with 200 μM H2O2 for 0.5, 1, 1.5 and 2 h, and their viability was determined as described in Materials and methods.
Statistical significance with respect to untreated cells *P< 0.05, **P< 0.01 was considered. (D) Comparison among the cell lines during 200μM H2O2 treat-
ment. Statistical significance with respect to MCF10A cells *P< 0.05, **P< 0.01. Each point represents the mean± SD of nine determinations performed in
three independent experiments.

Bik Sub-cellular localization after oxidative stress treatment
There was a 28% viability decrease after 30min treatment, while
after 1 h viability diminished 42% and 58% at 2 h. All the data were
significantly different from the control (P< 0.005); therefore, 2 h
was also chosen for MDA-MB-231. Interestingly, MCF10A that were
more resistant to CP, showed a higher susceptibility to H2O2, par-
ticularly at short time periods. Viability decreased 25% after
30min treatment, 42% after 1 h and 60% at 2 h (Fig. 2C). Two hours
was the time chosen for the next experiments because nearly 50%
of cellular viability was preserved.
126
Bik subcellular localization after cisplatin treatment

Bik subcellular localization after 6μM CP treatment was evalu-
ated by immunofluorescence in MCF-7 cells from 6 to 36h.
Fig. 3(A) shows that Bik is localized in the cytoplasm in un-
treated cells and that from 6 to 12h its level increases. After
24 h and until 36 h, Bik changes it location and is mainly ob-
served in the nucleus. This was corroborated by Bik co-
localization with the florescent marker DAPI, which adheres to
enriched adenine and thymine regions in DNA; thus, suggesting
that Bik translocates into the nucleus in response to CP
treatment in MCF-7 cells. Two videos are presented in the
Supporting information: Video 1 shows that Bik is prominently
outside the nucleus in untreated MCF-7 cells and Video 2 shows
that after 24 h CP treatment Bik is found in the nucleus.

MDA-MB-231 immunofluorescences revealed a different scenario.
Figure 3(B) shows that in this case, Bik localizes in the nucleus in
untreated cells (Video 3, Supporting information), but after the
6 h treatment it leaves the nucleus. At 12 h, an increase in the
fluorescent signal is observed, both in nucleus and in the cytosol,
J. Appl. Toxicol. 2015; 35: 1262–1270 Copyright © 2015 John
suggesting an augmented protein expression and a change in
localization. At 24 h, the Bik signal in the cytosol fades, but it is
still maintained in the nucleus, and at 36 h, it almost disappears
in both sites. Interestingly, in MCF10A Bik’s signal increased with
time, particularly at 24 and 36 h (Fig. 3C) (Video 4, Supporting
information), implying again an increase in protein expression,
but it always remained in the cytosol and did not translocate into
the nucleus.
Figure 3(D,E) shows the Z-stack analysis performed using the

ZEN 2010 program version 6.0 (Carl Zeiss). Ortho and 3D im-
ages were obtained to determine and quantify Bik nuclear
and cytosolic localization and the image reconstruction gener-
ated a video clearly showing Bik behavior. These results confirm
that in MDA-MB, Bik had a dynamic behavior, it left the nucleus
soon after CP treatment (6h), but it re-entered repeatedly dur-
ing subsequent hours. While in MCF7, Bik slowly translocated
into the nucleus achieving its maximal point at 24 h. Remark-
ably, Bik was not detected in the MCF10A nucleus at any time
during CP treatment.
Bik subcellular localization after H2O2 treatment

Bik subcellular localization after H2O2 displayed a similar behav-
ior to that observed with CP. In MCF-7 non-treated cells and af-
ter the shorter incubation times, 0.5 h and 1h, the signal
appears mostly in the cytosol (Fig. 4A); however, at 24 h Bik co-
localizes with DAPI in the nucleus, in agreement with the previ-
ous results where Bik translocates into the nucleus after an
oxidative insult. In the MDA-MB-231 cell line (Fig. 4B), Bik is
seen again in the untreated cell nucleus, but after 2 h of H2O2
Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/jat
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Figure 3. Bik subcellular localization during cisplatin treatment. Confocal microscopic images of (A) MCF-7, (B) MDA-MB-231 and (C) MCF10A
cells treated with 6 μM CP as described in Materials and methods. Immunofluorescence was evaluated at 6, 12, 24 and 36. In a, d, g, j and m,
Bik immunostaining ( green); in b, e, h, k and n, DAPI staining (blue); in c, f, i, l and o, merge. Singles plane images were obtained with a con-
focal microscope LSM-780-NLO-Zeiss imaging at 40 × with the Diodo Laser 405 nm for DAPI and Ar/ML 458/488/514 nm for ALEXA FLUOR-488.
Nuclear and cytosolic localization analysis was particularly performed using the ZEN2010 version 6.0 (Carl Zeiss). (D) Analysis of Bik in the nu-
cleus. (E) Analysis of Bik in the cytosol. The co-immunolocalization of Bik ( green) with the DNA marker (DAPI) was done throughout the com-
plete timeline course during CP treatment. Colocalization was determined using Zen 2010 program version 6.0. Each point represents the
mean ± SD of three determinations performed in independent experiments. MCF-7 (black bars), MDA-MB-231 ( grey bars) and MCF10A (white
bars). Statistical significance with respect to each untreated cell type control (NT): *P< 0.05, **P< 0.01, ***P< 0.001 were considered. &
P< 0.05) with respect to MCF-7.
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Figure 4. Bik subcellular localization during H2O2 treatment. Confocal microscopic images of (A) MCF-7, (B) MDA-MB-231 and (C) MCF10A cells treated with
200μM H2O2 as described in Materials andmethods. Immunofluorescence was evaluated at 6, 12, 24 and 36. In a, d, g, j and m, Bik immunostaining ( green);
in b, e, h, k and n, DAPI staining (blue); in c, f, i, l and o, merge. Single plane images were obtained with a confocal microscope LSM-780-NLO-Zeiss imaging at
40 × with the Diodo Laser 405 nm for DAPI and Ar/ML 458/488/514 nm for ALEXA FLUOR-488. Nuclear and cytosolic localization analysis was particularly
performed using the ZEN2010 version 6.0 (Carl Zeiss). (D) Analysis of Bik in the nucleus. (E) Analysis of Bik in the cytosol. The co-immunolocalization of
Bik ( green) with the DNA marker (DAPI) was done throughout the complete timeline course during H2O2 treatment. Co-localization was determined using
Zen 2010 program version 6.0. Each point represents the mean± SD of three determinations performed during independent experiments. MCF-7 (black
bars), MDA-MB-231 ( gray bars) and MCF10A (white bars). Statistical significance with respect to each untreated cell type control (NT): *P< 0.05,
**P< 0.01, ***P< 0.001 were considered. & P< 0.05 with respect to MCF-7.

Bik Sub-cellular localization after oxidative stress treatment

12
treatment the fluorescent signal increased in the cytosol, while
the signal decreased in the nucleus, suggesting Bik nuclear
withdrawal, and ratifying the same effect observed after MDA-
J. Appl. Toxicol. 2015; 35: 1262–1270 Copyright © 2015 John
MB-231 CP treatment. In the MCF10A cell line the Bik fluores-
cent signal gradually increased after H2O2 treatment, but the
signal was always observed in the cytosol (Fig. 4C), indicating
Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/jat
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that Bik was not being translocated into the nucleus. Fig. 4(D,E)
show Bik nuclear and cytosolic localization performed using the
ortho and 3D images with the Z-stack analysis (Supporting in-
formation). The figure shows that in the MDA-MB cell, Bik that
was originally in the nucleus slowly relocated to the cytosol.
In MCF7, the maximal Bik accumulation in the nucleus was ob-
served at 24 h, while Bik was not detected in the MCF10A nu-
cleus at any time during H2O2 treatment. It is remarkable to
notice that there is a significant difference between Bik nuclear
signal intensity in MDA-MB cells in comparison to MCF-7 cells,
thus confirming that this antiapoptotic protein has a different
subcellular localization in both cell lines before any treatment;
this might be related to the cancer stage and the properties in-
herent to each cell line.
Discussion

The role of Bcl-2 family proteins has been re-evaluated, as some
of them are altered in cancer (Kontos et al., 2014; Safaeian et al.,
2014). In particular, the pro-apoptotic protein Bik, who has been
found overexpressed in malignancies (García et al., 2005; Lu
et al., 2006). Most chemotherapeutic drugs are known for their
capacity to generate reactive oxygen species and induce oxida-
tive stress. This could favor some cancer subpopulations survival
and at the same time generating chemotoxicity in non-
malignant cells (Mahalingaiah and Singh, 2014; Victorino et al.,
2014). Hence, it is important to explore if pro-apoptotic proteins
are able to change their subcellular localization in function of
redox state changes, which might explain these contradictory
effects and might allow the development of a new generation
of chemotherapeutic agents with less side effects. Based on
previous evidence, we wanted to determine Bik subcellular lo-
calization in two breast cancer cell lines with different character-
istics, MCF-7 and MDA-MB-231, as well as a normal breast
epithelial cell line, MCF10A, after treating them with a
chemotoxic and an oxidant agent, which indirectly and directly
induce oxidative stress. CP is one of the stronger antitumor
agents used against solid tumors (Armstrong et al., 2006;
Olaussen et al., 2006; Worden et al., 2006). Its toxic effect is me-
diated by its interaction with DNA forming covalent adducts,
which impede DNA strand separation and therefore, replication
and transcription, activating mitochondrial apoptotic pathway
(García et al., 2007), along with mitochondrial reactive oxygen
species generation (Cardinaal et al., 2004). On the other hand,
the oxidant agent used was H2O2, because it is one of the ox-
idative stress inductors, which when used at adequate doses is
able to trigger apoptotic cell death (Bauer 2014; Katsube et al.,
2014). The CP and H2O2 concentrations used here were deter-
mined based on previous reports by our group and others
(Luna-López et al., 2010; Mahalingaiah and Singh, 2014; Sarangi
et al., 2013) and were adjusted to the particular conditions of
the cell lines used.

A new finding was Bik localization in MDA-MB-231 nucleus
because this is an unusual and non-reported localization. Until
now, Bik has been mainly detected in the ER and in the mito-
chondria (Germain et al., 2002; Szegezdi et al., 2009). Instead
and concurring with previous reports, Bik was found in the cy-
toplasm of MCF-7 cells. After treating the cells, Bik changed its
position on both of them in an opposite manner; it translocates
into the nucleus in MCF-7 cells and it went out of it in MDA-
MB-231 (Figs. 3 and 4). Even when we did not evaluate the
Copyright © 2015 Johnwileyonlinelibrary.com/journal/jat
function that these changes in localization might mean, this is
a relevant result because of its implications. As the subcellular
distribution was different in the two cell lines, representing dis-
tinctive stages of the disease. It is remarkable to notice that
there is a significant difference between Bik nuclear signal in-
tensity in MDA-MB cells in comparison to MCF-7 cells, thus
confirming that this anti-apoptotic protein has a different sub-
cellular localization in both cell lines probably related to the
cancer stage and the properties inherent to each cell line.

In regards to the normal cell line, Bik did not change its subcel-
lular localization. Interestingly, MCF-10A cells showed a higher re-
sistance to CP treatment than transformed cells, which suggests
that Bik translocation might be related to a particular function
during tumorigenesis, perhaps related to promoting increased
proliferation or metastasis, but not related to cell survival. More-
over, to gain that “tumorigenic” feature, transformed cells might
probably have to forego several survival and/or protecting
mechanisms.

Still, it was not totally unexpected to find Bik in a different
cellular compartment in the transformed cell lines, as lately it
has been described that several members of the Bcl-2 family
are in unusual positions, performing different functions to the
canonically reported (Danial et al., 2008; Martinou and Youle,
2011). Despite the fact that these proteins are known for their
participation in apoptosis, there is strong evidence that sug-
gests that BH3-only proteins are involved in other vital func-
tions beyond their role in cell death, including functions in
nutrient metabolism (Hetz and Glimcher, 2008). For example, it
was recently reported that Bax, constitutively targeted to mito-
chondria, is constantly translocated back to the cytosol in
non-apoptotic cells and it only stays and accumulates there
when cell death is induced (Schellenberg et al., 2013). The best
example is Bad, which encompasses distinctive roles; it has
been involved in cell cycle progression when it dimerizes with
Bcl-xL, avoiding cell arrest in G0/G1 phase (Chattopadhyay
et al., 2001). The overexpression of Bad was not only associated
with cell cycle progression, but with interleukin-2 production af-
ter T-cell activation because of AKT regulation (Mok et al., 1999).

Danial and co-workers found another physiological role for Bad
during insulin secretion by β-pancreatic cells. This new role
depends on BH3 phosphorylation in Ser 155, which inactivates
its pro-apoptotic function and is required for its activation during
glucose-stimulated insulin secretion (Danial et al., 2008). In
brain, Bad has been found in several anatomic locations, including
those involved in nutrients and glucose regulation (Bu and
Lephart, 2005).

Another example is the pro-apoptotic protein Bid, who has re-
cently been described as a critical mediator during inflammation
and innate immunity (Garrett et al., 2010; Takeuchi and Akira,
2010). Bid has also been implicated in lipid transfer between mito-
chondrial membrane and other cellular membranes, granting this
protein a role in mitochondrial phospholipid transport and
recycling (Esposti et al., 2001). Bid has dual roles with respect to
the stress response, it is involved in the DNA damage response
and its phosphorylation may negatively regulate its pro-apoptotic
function (Song et al., 2010).

All the above suggests that Bik could also be involved in pro-
cesses that do not necessarily imply its participation in apoptosis.
There are some reports were Bik has been proposed to interact
with transcription factors, such as ERK 1/2, independently of its
BH3 domain (Mebratu et al., 2008). Bik direct interaction impedes
transcription factors to translocate into the nucleus. Interestingly,
J. Appl. Toxicol. 2015; 35: 1262–1270Wiley & Sons, Ltd.
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when apoptosis in stimulated by an oxidative inductor in cell lines
that express p53 in a wild-type manner, such as MCF-7, p53 is
known to translocate into the nucleus. This nuclear translocation
is not observed in cell lines with mutated p53 or knockouts such
as MDA-MB-231 and SKOV3 (Truong et al., 2014; Xuan et al.,
2014). Therefore, Bik might be participating or favoring p53 nu-
clear translocation during the oxidative stress response in MCF-7
cells. Another study associates Bik with ER calcium levels and au-
tophagy regulation (Leber and Andrews 2010; Maiuri et al., 2010).
Bik is known to form heterodimers with anti-apoptotic family
members such as Bcl-2 and Bcl-xL during apoptosis (Chinnadurai
et al., 2008); therefore, Bik is able to displace Bcl-2 from the com-
plex it forms with nutrient-deprivation autophagy factor-1.
Nutrient-deprivation autophagy factor-1 physically associates with
the ER inositol 1,4,5-triphosphate Ca2+ leak channel and is required
for Bcl-2-dependent channel regulation (Chang et al., 2012); Bik
displacement allows Ca2+ release from the ER, thus promoting
autophagy (Maiuri et al., 2010; Szegezdi et al., 2009).

Nevertheless, some important facts remain to be elucidated, the
most important challenge is to try to understand what is Bik’s role
in the nucleus, and if that function implies changes in gene tran-
scription. Another question is to determine which protein or chap-
erone translocates Bik and why the different cell lines that
represent dissimilar cancer stages present different Bik locations.
However, the finding that Bik did not change its subcellular locali-
zation inMCF-10A cells, and that those cells weremore resistant to
CP treatment opens a new avenue to study new therapeutic
targets. Finally, the answer to these questions will certainly lead
us to a better understanding of the role of Bcl-2 proteins in cancer
and will allow us to develop better therapies with less secondary
and harmful effects.
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