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ABSTRACT

Objectives: We aimed to investigate the expression levels and interaction between
E2F-1 and Aktl in triple-negative breast cancer (TNBC) cells, and whether cis-
diamminedichloroplatinum(II) (cisplatin) could influence such an interaction.
Methods: A batch of MDA-MB-321 breast cancer cells were treated with increasing
concentrations of cisplatin (2.5-40 pM) for 24 hours. Additional cells from the same
source were used for control experiments. Cisplatin-induced apoptosis was confirmed
biochemically using cleaved polymerase and flow cytometry analysis, and morphologically
using hematoxylin and eosin staining, Hoechst staining, and scanning electron
microscopy. Caspase-3 cleavage, an indicator of apoptotic induction, was measured by
immunofluorescence. A western blot test was used to investigate the effects of cisplatin
on E2F-1 and Ake1 expressions, while their co-localization and interaction were detected
using immunofluorescence and immunoprecipitation, respectively. Results: A western
blot analysis revealed an increase in E2F-1 and a decrease in Akel expression with
increasing concentration of cisplatin, compared to untreated cells. Merged E2F-1 and
Aktl immunosignals observed by immunofluorescence demonstrated that cisplatin-
treated cells exhibited co-localization of immunosignals in clusters and with increased
intensity in the cytoplasm. Inmunoprecipitation and western blot analysis results further
confirmed the association between E2F-1 and Akel, indicating a potential interaction
between the two proteins in MDA-MB-231 cells. Conclusions: Our findings suggest a
potential interaction between E2F-1 and Akt1, which in turn could be the precursor for
the cisplatin-induced apoptosis in TNBC cells. Further studies are needed to determine
whether this interaction occurs directly or via an intermediate protein.

reast cancer is the most-diagnosed
malignancy in females worldwide (11.6%)

and the leading cause of death (6.9%) from

all cancers, as reported by the World Health
Organization in 2022." Breast cancers are subtyped
based on the expression of estrogen receptors (ER),
progesterone receptors (PR), and human epidermal
growth factor receptor-2 (HER-2) which serve as key
therapeutic targets for drug therapy. Breast cancers
that lack all three types of receptors (ER, PR, and
HER-2) are known as triple-negative breast cancers
(TNBC). Due to the absence of these key receptors,
there are currently no targeted treatments for TNBC.*
Among the few drugs with potential benefit for
TNBC patients are platinum-based chemotherapeutic

agents such as cis-diamminedichloroplatinum(II)
(cisplatin or CDDP).> Though a subset of
TNBC patients are sensitive to cisplatin, its
anticancer effects are limited due to emergence of
chemoresistance, leading to therapeutic failure.*
Researchers have been attempting to understand the
molecular pathways involved in TNBC'’s resistance
to chemotherapy. Our previous research, as well as
others, have shown that TNBC cells can become
resistant to cisplatin by several mechanisms, such
as repairing the targeted cancer DNA via excision
repair mechanisms and deregulation of proapoptotic
or antiapoptotic proteins involved in the cell cycle.*”
Targeting the deregulated apoptotic pathways to
prevent the proliferation of TNBC cells represents

*Corresponding author: BRbahlani@squ.edu.om

Copyright © 2025, Oman Medical Journal



SAMIYA AL-JAAIDI, ET AL.

a promising approach to overcoming their resistance
to chemotherapy.

E2F-1 and Aktl are two key proteins that play
significant roles in the cell cycle and apoptosis and
are frequently activated or deregulated in human
cancers, including TNBC.

E2F-1,a member of a group of eight transcription
factors, regulates cell cycle progression in normal
cells but signals apoptosis in response to DNA
damage.® E2F-1-induced apoptosis in response to
DNA-damagingagents can be both p53-dependent’
and p53-independent.’® E2F-1 has been found to
be deregulated in various types of cancer cells,
including breast cancer cells.'”""> Deregulated E2F-
1 can lose its apoptotic ability in late-stage cancers,
and instead promote tumor invasion and metastasis,
mediating chemoresistance."

Aktel, also known as protein kinase B, is a serine/
threonine kinase and one of the three isoforms of the
Akt family. It plays a key role in the phosphoinositide-
3-kinase/Akt signaling pathway, which is involved in
several aspects of cancer pathophysiology, especially
tumor growth, survival, and invasiveness.!* Breast
cancer is most associated with alterations in the
phosphoinositide-3-kinase/Akt signaling pathway"®
and exhibits resistance to chemotherapy.’® The
three AKT isoforms (Aktl, Akt2, and Ake3) share
high sequence and structural homology but have
elicited cell and context-specific effects.'” In breast
cancer, Akt-1 accelerates cell proliferation but
suppresses metastasis.'®"” Therefore, targeting Akt
isoform-specific signaling is crucial for successful
cancer therapy.

Hallstrom et al,'® reported the existence of a
regulated relationship between E2F-1 and Akt during
normal cellular proliferation, where Akt protein
kinase specifically blocks the expression of genes in
the E2F-1 apoptotic program. They concluded that
the E2F and Akt connection could explain how
normal cycling cells survive the transition from the
G1 phase to the S phase of the cell cycle.'® Chaussipied
and Ginsberg,” identified a negative feedback loop
between E2F and Akt in malignant melanoma cells.
E2F-1 upregulates Akt activity through Gab2, and
the sustained E2F-1/Gab2/Akt pathway, in turn,
inhibits E2F-1 via TopBp1, preventing E2F-1 from
exerting its proapoptotic functions.” These two
studies have revealed a crosstalk between E2F-1 and
Ak, suggesting a dynamic relationship between
cytoplasmic and nuclear signaling cascades.

However, the interaction between E2F-1 and
Akt1 in the context of cisplatin sensitivity in TNBC
has not yet been studied. Therefore, this study aims
to detect the interaction between E2F-1 and Aktl
and determine whether their interaction influences
TNBC sensitivity to cisplatin-induced apoptosis.

METHODS

To model the TNBC conditions in vitro, we used the
MDA-MB-231 cell line purchased from the Pasteur
Institute in Iran. (We used the same product for our
previous study.?’) Once received, the cell line was
maintained in Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 10% fetal bovine
serum and 1% antibiotic-antimycotic solution (all
from Gibco, Thermo Fisher Scientific, UK). Then,
the cells were maintained at 37 °C in a humidified
atmosphere containing 5% carbon dioxide. We also
conducted experiments with treated and untreated
controls using cells from the same source.

FlowCellect Annexin Red Kit (Millipore,
Germany) was used to quantify live and apoptotic
MDA-MB-231 cells after treatment with cisplatin.
The cells were prepared in an assay buffer at a
volume of 100 pL and pipetted into appropriate
wells, to which 100 uL of Annexin V working
solution was added and incubated at 37 °C for
15 minutes. Following the incubation, 5 uL of
7-aminoactinomycin D was added to each well.
Thereafter, the cells were incubated again in the
dark at room temperature for 5 minutes. Finally,
acquisition and analysis were performed using
Guava InCyte and GuavaSuite Software (Merck
KGaA, Germany).

Both live and apoptotic MDA-MB-231 cells
were determined by morphological features using
Hoechst 33258 dye (6.25 ng/mL) (Sigma-Aldrich,
Germany), as described previously.® At least 400
cells per treatment group were selected blindly and
counted randomly. The cells were visualized using a
Nikon ECLIPSE Ti-BTV2 fluorescent microscope.

Protein extraction and western blot were
performed as described previously.” Briefly, the
membranes were incubated overnight at 4 °C with
primary antibodies and detected with horseradish
peroxidase-conjugated goat Immunoglobulin G
(IgG) (Cell Signaling Technology, USA) raised
against the corresponding species. Subsequently, the
peroxidase activity was visualized with the West Dura
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Detection Kit, an enhanced chemiluminescence
(ECL) kit (West Dura Detection Kit, Thermo
Scientific, UK). The signal was captured using a
GBox machine with a GeneSys software version
1.8.11 (GeneSys Telecommunications Labs Inc.,
USA). Finally, the signal intensity was determined
densitometrically using Image J software, version
1.47 ('The National Institutes of Health, USA).

Cells grown on 12-well glass slides were treated
with graded concentrations of cisplatin (0, 20, and 40
UM) for 24 hours. Inmunofluorescence staining was
applied as previously described.” Briefly, cells were
fixed by precooled (-20 °C) methanol for 3 minutes.
Then, the cells were permeabilized for 5 minutes with
0.05% Triton X-100. After washing with phosphate-
buffered saline (PBS), the cells were blocked with
1% Bovine Serum Albumin for 30 minutes at 4 °C,
washed again and incubated with (1:100) primary
antibodies (Cell Signaling Technology, USA) for
1 hour at room temperature. After the PBS wash,
fluorescein-conjugated secondary antibodies (Fisher
Scientific, UK) were added (1:400) for 1 hour at
room temperature. The PBS washing was performed
again before mounting.

Imaging was performed using a Nikon ECLIPSE
fluorescence microscope, at 20x magnification. The
fluorescence intensity of each protein for each group
was determined per cell number in a specified field
using Image] software. The shown compartments
were the cytoplasm and the nucleus of each cell.
The merged images were automatically generated by
channel merge option in the Nikon NIS Element
software. The acquired images of Aktl and E2F-1
were merged. The overlay of the red fluorescent color
of E2F-1 with the green fluorescent color of Aktl
produced a yellowish-to-orangish fluorescent color,
representing the colocalization of both proteins.
After obtaining the merged image, the color intensity
of 100 cells in each treatment was calculated using
Image]J software.

After treatment of MDA-MB-231 with cisplatin,
protein of interest was immunoprecipitated as
previously described.” Briefly, protein lysates were
pre-cleared by incubation with 20 uL of protein
G agarose bead and 1 pg of goat monoclonal IgG
antibody for 1 hour at 4 °C (all from Cell Signaling
Technology, USA). The mixture was centrifuged at
3600 x g for 1 minute. Pre-cleared supernatant was
incubated overnight at 4 °C with 20 puL of agarose
beads and 1 pg of anti-E2F-1 rabbit monoclonal

antibody or rabbit IgG isotype. After five washes
with lysis bufter, SDS-loading bufter was added. The
precipitated proteins were detected by western blot.

MDA-MB-231 cells, seeded in a 12-well slide
and treated with cisplatin, were fixed with 10%
neutral buffered formalin for 30 minutes. Then, the
cells were rehydrated through graded alcohols. After
washing with distilled water, hematoxylin stain was
added for 10 minutes. Differentiation was performed
in 1% acid alcohol for a few dips. Washing in running
tap water for 5 minutes was followed by adding 1%
eosin solution for 4 minutes. The cells were rapidly
dehydrated and cleared, and then mounted with
dibutylphthalate polystyrene xylene.

The cells, cultured on coverslips and treated
with cisplatin, were visualized by scanning electron
microscopy (SEM) as described previously.® Briefly,
the cells were fixed in 2.5% glutaraldehyde in sodium
cacodylate buffer (1 M, pH 7.3) for 10 minutes.
After washing with 1 M sodium cacodylate for 2
minutes, 1% osmium tetroxide (Agar Scientific,
UK) was used to postfix the cells for 5 minutes,
followed by a rapid wash in distilled water. The
cells were then dehydrated in ethanol series (25%,
50%, 70%, 95%, 100%), 1 minute in each, and dried
using hexamethyldisilane (Sigma-Aldrich, USA).
Thereafter, the cells were mounted on aluminum
stubs, coated with gold particles to prevent electrical
charge effects, and scanned using SEM (JEOL JSM-
S600LV, JOEL Ltd, Japan).

Means and SD were calculated and analyzed by
an independent #-test or a single-factor analysis of
variance using SPSS Statistics (IBM Corp. Released
2023. IBM SPSS Statistics for Windows, Version
29.0 Armonk, NY: IBM Corp) and Microsoft Excel.
Statistical significance was set at p < 0.05.

Both biochemical and morphological aspects
of apoptosis in MDA-MB-231 cells were studied
after pretreating them with cisplatin. Different
concentrations were used to determine the optimum
dose of cisplatin that could produce significant
apoptosis without cytotoxicity.”!

RESULTS
Exposing the MDA-MB-231 cell culture to
varying concentrations of cisplatin at 10, 20, and
40 uM for 24 hours resulted in a significant dose-
dependent increase in apoptosis in comparison to
untreated control cells [Figure 1]. To determine
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Figure 1: Cisplatin-induced apoptosis in a concentration-dependent manner in MDA-MB-231 cells. (a)
The effect of cisplatin on PARP expression (full length and cleaved) in MDA-MB-231 cells as analyzed by a
western blot. (b) Graphical presentation of estimated apoptosis percentage by the Hoechst stain method in
MDA-MB-231 cells. Note the highly significant increases in apoptosis at higher cisplatin concentrations (p <
0.005) compared to the untreated control sample. (c) Dot graphs show flow-cytometric analysis of apoptosis
following treatment of MDA-MB-231 cells with a cisplatin concentration of 20 uM compared to the control
sample. (d) Bar graph of quantitative flow cytometry results showing a significant (p = 0.002) increase in

apoptosis at a cisplatin concentration of 20 uM compared to the control sample.

whether cisplatin-induced cytotoxicity was due
to the induction of apoptosis in MDA-MB-231
cells, the level of associated apoptotic enzyme—
poly (ADP-ribose) polymerase (PARP)— was
detected by western blot. PARP, a DNA-binding
enzyme that can detect DNA strand breaks, is a
substrate that is cleaved by both caspase-3 and
caspase-7.” The presence of cleaved PARP is a
commonly used diagnostic tool to detect apoptosis
in many cell types.”> As shown by the western blot
in Figure 1a, PARP cleavage showed that the PARP
protein was degraded, generating a concomitant
diminution of full size (116 KD) molecule and
accumulation of the 85 KD in MDA-MB-231 cells
treated with cisplatin at 20 and 40 pM after 24 hours.

These results provided convincing evidence of the
induction of apoptosis in cisplatin-treated cells.

To further confirm that cisplatin induces
apoptosis in MDA-MB-231 cells, flow cytometry
analysis with Annexin V conjugated with fluorescein
isothiocyanate and 7-aminoactinomycin D double
staining was used. Figure 1c indicates that MDA-
MB-231 cells treated with cisplatin at 20 uM for 24
hours demonstrated approximately 20% apoptosis.

To further examine morphological changes, the
treated cells were stained with hematoxylin and
cosin. The control cells exhibited normal nuclear
morphology—round, homogeneous, and stained
dark blue. In contrast, cells treated with cisplatin 20
uM for 24 hours exhibited typical characteristics of
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Figure 2: Morphological changes in MDA-MB-231 cells caused by cisplatin. Representative morphology
of MDA-MB-231 cells following cisplatin treatment. (a) Hoechst-stained cells show apoprotic features,
pyknotic (arrow) and fragmented (arrow head) nuclei compared to a live cell nucleus. (b) H&E-stained cells
show shrinkage of cytoplasm and nuclear pyknosis compared to untreated cells. (¢) SEM micrographs of
cisplatin-treated cells with shrinkage of lamellipodia, surface pores and grooves compared to untreated cells.
Images stained with Hoechst and H&E were captured at 40x magnification, while SEM micrographs were

screened at 2—-5uM.

apoptosis, with condensed and fragmented nuclei,
also staining dark blue [Figure 2].

The treated cells were also examined by SEM
in order to reveal cell blebbing and fragmentation.
At the concentration of 20 uM of cisplatin, SEM
revealed shrunken and round-shaped cells with
shrinkage of lamellipodia, membrane blebs, and

apoptotic bodies compared to untreated cells that
showed higher numbers and thicker membrane-
bound protrusions and lamellipodia [Figure 2].
Three experimental techniques were used to
detect and characterize the morphology of MDA-
MB-231 cells in response to cisplatin-induced
apoptosis. As shown in Figure 2, Hoechst staining,
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Cisplatin/CDDP: Cis-diamminedichloroplatinum (I1); DAPI: 4, 6-diamidino-2-phenylindole.

Figure 3: Inmunofluorescence staining of cleaved caspase-3 in MDA-MB-231 cells following cisplatin
treatment at 20 M shows an increase in expression (top row) compared to untreated cells (bottom row).
Cisplatin-treated cells have activated the caspase-3 protein via its cleaved form. The DAPI stain was used for
nuclear staining in both samples. All images were captured at 40x magnification, and the merged images were
automatically generated using a fluorescence microscope. The compartments show the cytoplasm and the

nucleus of each cell.

which correlated with the presence of cells with
typical apoptotic nuclear morphology (pyknotic and
fragmented nuclei), was present in the cells treated with
20 uM for 24 hours, but not in the untreated cells.

Since the activation of caspases is a hallmark
of apoptosis, the cellular compartmentalization of
the cleaved nuclear protein, caspase-3, in MDA-
MB-231 cells treated with cisplatin 20 uM was
assessed using immunofluorescence microscopy.
The 4,6-diamidino-2-phenylindole nuclear staining
showed morphological changes in terms of both
nuclear condensation and cell structure loss and
significant expression of cleaved caspase-3 in treated
cells compared to control cells [Figure 3]. Together,
these results indicate apoptotic activity of cisplatin in
MDA-MB-231 cells.

To determine whether cisplatin has a differential
effect on E2F-1 and Aktl in MDA-MB-231
cells, the expressions of these two proteins were
investigated. Western blot analysis revealed that
cisplatin treatment increased the expression of E2F-
1 contents and decreased that of Akel in a dose-
dependent manner ( 20-40 uM; 24 hr) compared
to untreated cells. This led us to speculate that these
two endogenous proteins may be colocalizing and

interacting in MDA-MB-231 cells.

To explore this possibility, E2F-1 and Akt-
1 colocalization and interaction were examined
in control cells and cisplatin-treated cells (20
and 40 uM; 24 hr) using immunofluorescence.
Immunofluorescence analysis detected E2F-1
immunosignal in both the cytoplasm and the
nucleus with approximately equal intensities in the
untreated control cells. The Akt]l immunoreactivity
signals were mainly located in the cytoplasm
compared to the nucleus. With cisplatin treatment,
E2F-1 immunoreactivity increased and became
more localized in the nucleus in a concentration-
dependent manner [Figure 4]. Conversely, cisplatin
had no effect on the localization of Aktl, whose
immunosignal intensity still remained high in
the cytoplasm, but a low immunoreactivity in the
nucleus was still detectable. Merging E2F-1 and
Aktl immunosignals in cisplatin-treated cells
demonstrated a co-localization of immunosignals in
clusters and with increased intensity in the cytoplasm
[Figure 4]. Thus, differential colocalization of both
proteins in this cell line could be the precursor for
the cisplatin-induced apoptosis. One-way analysis
of variance of the three independent experiments
indicated significance (*p = 0.016, **p = 0.006, #p =
0.014 ) [Figure 4b).
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Figure 4: (a) Immunofluorescent microscopy images of control MDA-MB-231cells (top row) and
cisplatin-enhanced MDA-MB-231 cells (middle and bottom rows). The shown compartments represent the
cytoplasm and the nucleus of each cell. DAPI stain was used as a control for nuclear staining. Images represent
three independent experiments, each captured at 40 x magnification. (b) The bar graph shows changes in
estimated intensities of E2F-1, Akel, and merged cells in MDA-MB-231 cells following cisplatin treatment.
The scattered dots represent the mean of 10 cells per field, counted from 10 fields per replicate for each

treatment, resulting in a total of 100 counted cells.

To further validate the interaction of the two
endogenous proteins, the E2F-1-Aktl interaction
was examined by immunoprecipitation. We chose
to precipitate E2F-1 and detect the possible co-
precipitation of Aktl because cisplatin increased its
expression in these cells, unlike Aktl, as indicated
in Figure 5. A western blot revealed that Akl
successfully coprecipitated with E2F-1 in both
control and treated cells, depending on the cisplatin
concentration, indicating a potential interaction
of both proteins at the endogenous level of MDA-
MB-231 cells [Figure 6].

Figure 6 shows how cisplatin increased E2F-
1 and Aktl interaction in MDA-MB-231 cells. A
western blot shows immunoprecipitation result.
E2F-1 and Akt were successfully co-precipitated by
anti-E2F-1 antibody in MDA-MB-231 cells treated
with graded cisplatin concentrations (20 and 40
uM; 24 hr). E2F-1 and Akel binding was noticed in
both controlled and treated groups, in which
such binding was enhanced by the different
concentrations of cisplatin. The experiment was
triplicated, and the presented results are from a
representative replicate.
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Figure 5: Immunoblotting reveals the effect of
cisplatin at varying concentrations (20 and 40

uM) on E2F-1 and Aktl expressions in MDA-
MB-231 cells. The blots show an increase in E2F-1
and a decrease in Akel when treated with graded
concentrations of cisplatin (20 and 40 uM ; 24 hr).
GAPDH was used as aloading control to normalize
both E2F-1 and AKT1 proteins.
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CDDP: Cis-diamminedichloroplatinum (I1);
E2F-1: E2 promoter binding factor 1; WB: Western Blot;

IP: immunoprecipitation.

Figure 6: Coimmunoprecipitation assay shows the
interaction between E2F-1 and Akl after cisplatin

treatment at graded concentrations (20 and 40 uM ;
24 hr) on MDA-MB-231 cells.

DISCUSSION

In this study, we have demonstrated that MDA-
MB-231 breast cancer cells respond to cisplatin by
inducing apoptosis. We have also found that the
interaction between E2F-1 and Aktl in cisplatin-
treated MDA-MB-231 cells is likely activating the
apoptosis. To our knowledge, this is the first report
to examine the interaction between E2F-1 and Aktl
in cisplatin-induced apoptosis in TNBC.

In our previous study, we described how
platinum-based drugs such as cisplatin affect the
ultrastructure of breast cancer cell types.® We also
revealed (based on scanning electron microscopy and
transmission electron microscopy data) apoptosis as
the major mechanism for cell death.® Those findings
were consistent with other studies, which detected

apoptosis in the MDA-MB-231 cell line?"*** and other
cancer cell lines”*” following exposure to cisplatin.

In the current study, MDA-MB-231 cells were
selected for four main reasons. First, they represent
the TNBC-resistant cell line of the basal-like
subtype, which lack the three receptors (ER, PR,
and HER-2).28 Second, this cell line is more difficult
to treat due to lack of viable therapy targets.”’
Third, mutations in the p53 protein are observed in
more than 50% of all human cancers,*® and MDA-
MB-231 cells are known to harbor mutant p53.3!
Fourth, cisplatin is a potential treatment option for
TNBC ecither alone or in combination with other
drug agents.’?

Our findings provide evidence that cisplatin
induces apoptosis in a p53-independent pathway,
rendering MDA-MB-231 cells vulnerable to death
viaan E2F-1 apoptotic pathway, as mutations in E2F-
1 are very rare in cancer cells.?” It is also suggested
that E2F-1 may preferentially induce apoptosis in
breast and ovarian cancer cells that have mutations
in p53.1"

In this study, cisplatin reproducibly induced
apoptosis in a dose-dependent manner (10, 20,
and 40 uM; 24 hr). Apoptosis was detected by two
distinct methods — biochemical and morphological
— in MDA-MB-231 cells treated with 20 uM dose
of cisplatin, as this concentration effectively induced
the cleavage of PARP. These results align with other
studies that have shown that lower doses of cisplatin
(range = 20-100 uM) result in apoptosis of MDA-
MB-231 cells.?** Apoptosis in 20 uM cisplatin-
treated cells was further confirmed biochemically
by caspase-3 activation and flow cytometric analysis.
The results of morphological studies using three
different methods, Hoechst stain, hematoxylin
and eosin stain, and SEM, altogether revealed and
further validated the differential structural changes
typical of apoptosis.

Given the role of E2F-1 in crosstalk with the
PI3-K /Akt pathway, it was of interest to evaluate
whether a relationship exists between E2F-1 and
Akel expression levels in response to cisplatin and
to detect their interaction in TNBC. We observed
an inverse relationship between increased E2F-1
and decreased Aktl expression levels in response
to cisplatin in a dose-dependent manner in this
cell line. Cisplatin has been shown to induce a
substantial increase in endogenous E2F-1 protein
levels, enhancing apoptosis in other cancer cell lines
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that lack p53.* Consistent with our observations,
increasing concentration of cisplatin (0.1 to 50 pug/
mL) was found to have no effect on Akt in MDA-
MB-231 cells.** The fact that cisplatin differentially
affected E2F-1 and Aktl protein expression levels
points to the existence of an E2F-1-Akt1 interaction,
which in turn could be the precursor for a cisplatin-
induced apoptosis in TNBC. Exposure to cisplatin
had no effect on Aktl localization; however, E2F-
1 protein immunosignal intensity increased in
the nucleus, a compartment consistent with its
defined role in DNA repair.*® Furthermore, an
induced accumulation of E2F-1 protein by several
DNA-damaging chemotherapeutic drugs has been
observed in a variety of tumor cell lines independent
of p53 and pRb.* Interestingly, our results revealed
that the elevated intensity of both proteins in the
cytoplasm in response to cisplatin suggests that they
are interacting in the cytoplasm.

This study is the first to document subcellular
localization and interaction between E2F-1 and
Aktl in TNBC exposed to cisplatin. We observed
Akt] predominantly in the cytoplasm in the MDA-
MB-231 cell line, and as found in previous studies,
which also detected Akel in other cell lines that
lack p53.> Ivanova et al,”® demonstrated that
E2F-1 can shuttle into and out of the nucleus
in a variety of cell types. Yu et al,’” showed that
cisplatin cytotoxicity, apart from inducing nuclear
independent apoptosis, can also initiate apoptosis by
cytoplasmic events such as cytoplasmic cdk2. E2F-
1, a downstream component of Ake1"” and E2F-1,
has been described to have nuclear-independent
apoptotic functions in cisplatin cytotoxicity.* It is
possible that the subcellular localization of E2F-1
in the cytoplasm and its potential interaction with
Akt] may contribute to determining the cell fate by
overcoming chemoresistance. Based on the ability of
anti-E2F-1 antibody to immunoprecipitate Aktl, it
is evident that E2F-1 and Akel physically associate
in TNBC.

CONCLUSION
This study provides evidence of E2F-1 and Akel
interaction through immunofluorescence by
their colocalization in the cytoplasm in response
to cisplatin. In addition, immunoprecipitation
demonstrated that such interaction is involved
in cisplatin-induced apoptosis, thus aiding in the

chemosensitivity of TNBC. Further exploration
is needed to determine whether such interaction
occurs directly or via an intermediate protein. It is
also important to manipulate their expression to
confirm that such interaction is required for cisplatin
to exert its effect in these cells.
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