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Abstract

Drug resistance is a multifactorial process involving a variety of mechanisms and genes. Taxane drug class like Docetaxel
is not effective for all types’ breast cancers and presents a huge clinical challenge. To improve cancer treatment outcome, it
is important to distinguish which proteins can kill the cancer cells and whether the expression levels of these proteins affect
treatment. Cancer cells are wildly known to be protected from apoptosis, due to low level of apoptotic protease activating
factor-1 (Apaf-1) compared with normal cells. Apaf-1 is an essential protein that defines whether cytochrome c released
form mitochondria remains stable or degrades. According to this hypothesis, increasing of Apaf-1 expression in MCF7 breast
cancer cells was performed and Docetaxel efficacy examined. The immunoassay techniques were used to investigate Apaf-1
and cytochrome c levels, and different apoptosis assay methods applied to better understand the effect of Apaf-1 expression
levels in cellular response to apoptotic stimuli by Docetaxel. Our results determined that cytoplasmic cytochrome c level
elevated along with increasing Apaf-1 and MCF7 cells were sensitised to Docetaxel, suggesting that loss of Apaf-1 may
cause Docetaxel-resistance in breast cancer cells through less apoptosome formation. ROS level increased in cells transfected
with Apaf-1 and induced mitochondrial permeability for cytochrome c release, which subsequently promoted apoptosome
formation, intrinsic apoptosis and ATP depletion.
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Introduction

Every second of our lives, millions of cells undergo death.
Cell death as a biological event can be non-programmed or
programmed. Apoptosis, the prevalent form of programmed
death, plays a key role in the homeostasis of multicellular
organisms in order to eliminate damaged cells [1, 2].
Balancing cell death is crucial for health; failure to its
control can cause serious diseases and drug resistance [2—4].
Two main pathways of apoptosis have been revealed: the
death receptor (extrinsic) pathway and the mitochondrial
(intrinsic) pathway. Both pathways lead to death execution
via caspases 3 and/or 7 cleavage. The extrinsic pathway is
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initiated through the stimulation of cell membrane proteins
of the tumor necrosis factor (TNF) receptor family that
started with caspase 8 [4, 5]. While the intrinsic pathway is
activated by intracellular events and non-receptor stimuli.
The mitochondrion is a main factor of intrinsic apoptosis
[6]. Although mitochondria generate most of cell energy,
they are also vital for pulling the plug and triggering intrin-
sic apoptosis. The shift from cellular powerhouse to suicide
capsule occurs using cytochrome c (Cyt ¢) release from the
intramembrane space into the cytosol after the apoptotic
stimuli [6, 7]. Released Cyt c is associated with Apaf-1 in
presence of ATP/dATP, triggers caspase 9 activation to form
apoptosome [3, 8]. Activated caspase 9 then activates cas-
pases 3 and/or 7, which cleave a specific set of substrates
and promote cell death [5, 8, 9]. Apoptosis controlling is
a fundamental hallmark of different diseases. Downregu-
lation of apoptosis is often associated with autoimmune
diseases and cancer, whereas upregulation of apoptosis is
observed in many forms of degenerative disorders [2, 10].
Defects in apoptosis may display a crucial event in cancer
treatment and possibly drug resistance [11]. The molecular
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mechanisms for this type of drug resistance have not yet
exactly been defined.

Cells apply the different strategies to prevent apoptosis
including upregulation of anti-apoptotic or downregulation
of pro-apoptotic proteins. Apoptosis can be also suppressed
through caspases activity inhibition, including overexpres-
sion of XIAP as a caspase inhibitor, redox-mediated inacti-
vation of Cyt c and loss of Apaf-1 protein [3, 12]. Apaf-1 is
a basic protein that mitochondria-released Cyt c binds to it,
therefore low levels of Apaf-1 can leave the cytosolic Cyt
c accessible for degradation. In addition, Apaf-1 and Cyt c
interaction is transient [13]; hence Cyt c can be target for
ubiquitination if apoptosome assembly is unable to forma-
tion [14]. Moreover, cells from Apaf-1 knockout mice are
resistant to apoptosis [15, 16]. Deletion of Apaf-1 in ras- and
myc-transformed murine cells can enhance the impacts of
p53 deletion in tumorigenesis. Apaf-1 inactivation dimin-
ishes the number of cells required to tumors formation [17].
Overexpression of Apaf-1 into leukemic cells enhances the
cells sensitivity for apoptotic stimuli [18].

Drug resistance is a complex phenomenon, involving a
variety of mechanisms and genes that act in combination
with each other to inhibit drug effect. Docetaxel (DT) as a
main taxane drug is a chemotherapeutic drug for the treat-
ment of breast cancer patients [19], which acts through
microtubule network disruption during interphase/mitosis of
cell cycle [20]. DT is not effective for all breast cancers and
creates a huge challenge in cancer treatment. With regards
to the essential function of Apaf-1 in cellular response to
apoptotic stimuli, very little has been reported so far from
the correlation between relatively poor efficacy of DT with
Apaf-1 deficiency and cytosolic Cyt c content in breast can-
cer cells. Here, we investigated the requirement of Apaf-1
for increasing of cytosolic Cyt c level and subsequently DT
efficiency in MCF7 breast cancer cells.

Materials and methods

Details on apoptosis induction and MTT assay, cells extract
preparation, Apaf-1 gene transfection, Trypan blue, ATP,
ROS and Caspase measurement, PI and DAPI staining, and
statistical analysis are provided in supplementary data.

Flow cytometry analysis of annexin V/PI staining

Flow cytometric analyses were performed to define a bio-
chemical feature of apoptosis for treated and untreated cells
[21]. The treated cells in 12-well plates were harvested after
16 h and resuspended in PBS, fixed with 4% (w/v) paraform-
aldehyde solution for 10 min, and then washed by PBS. Cells
were stained with Annexin V (FITC)/PI, according to the
manufacturer’s protocol (BD Bioscineces), analyzed by flow
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cytometry and then data processed using Flow Jo software
(BD Biosciences),

Western blotting analysis

Cells were harvested after transfection and DT treatment
and cell lysates evaluated for Apaf-1 and Cyt ¢ expression
levels by immuneblot analyses. Cell lysates were prepared
by CCLR buffer and cytosolic fractionation method by hypo-
tonic buffer [22] to assess Apaf-1 expression and determine
Cyt c level, respectively. About 30 ug of total protein were
separated by SDS-PAGE gel electrophoresis and transferred
onto the polyvinylidene difluoride (PVDF) membrane for
3-5 h at 80 V. After transfer to membrane, the blots were
blocked with 5% BSA and incubated with mouse anti-Cyt ¢
(Abcam, ab13575) and rabbit anti-Apaf-1 (Abcam, ab32372)
at 4 °C overnight. Membranes were incubated by horserad-
ish peroxidase-conjugated secondary antibodies, anti-mouse
IgG (Sigma, A0168) and anti-rabbit IgG (Sigma, A2074)
for 1 h at room temperature [5, 23]. Next, immune-reactive
bands were represented by enhanced chemiluminescence
(ECL, Amersham Bioscience) and scanned using a densi-
tometer system (UVITEC). Quantification of each band was
performed by Image J.

Immunofluorescence staining

As Annexin V/PI staining, treated and untreated cells were
rinsed by PBS and fixed in paraformaldehyde. After wash-
ing, cells were permeabilized in 0.2% Triton X-100 with
Tween 20 (PBST), and blocked using 2% BSA. The cells
were incubated overnight at 4 °C by the primary antibody
mouse anti-Cyt c that previously diluted in blocking solu-
tion. Then cells were washed and incubated at 37 °C for
about 45 min with the secondary antibody anti-mouse IgG-
PE. Nuclei were also counterstained using DAPI and moni-
tored by CytationTM3 system [21, 24]. Analysis of images
was done with Image J.

Results

Cell apoptosis validation of MCF7
following treatment with DT

The viability of MCF7 cells exposed to the different concen-
trations of DT for incubation period of 24 h were carried out
to assess the anti-proliferative/cytotoxicity effect of this anti-
cancer agent, and the results of 10 and 100 nM were shown
in Fig. 1. The MTT analysis indicated that the addition of
10 nM DT induced the cell death in MCF7 (Fig. 1A). As the
concentration of DT was increased to 100 nM, the percent-
age of cell death also increased. No significant difference



Medical Oncology (2021) 38:88

Page3of11 88

A 120
¥ e % S de e e
2 100 A
F
= 80 A
Q
©
'S 60 A
o
() 40 - % %
20
0
B 35
. 30 - Sedek *%%
Q
T 25
)
=8 20
Q
SE 15 - *
)
=2 10 A
>
5 -
0
C 70
*k%x Ve v % %
—g 60 T
= 50 - "k
o 40 -
<l 30 -
)
'
e 20
10 -
0
0 10 100

Concentration (nM)

Fig. 1 Effect of DT treatment on cell viability and apoptosis induc-
tion in MCF7 cells at 24 h. MCF7 cells were treated with the differ-
ent concentrations of DT (10 and 100 nM) for desired time. A Cell
viability was determined by MTT assay and expressed as the per-
centage of untreated control (0). B MCF7 cells were treated with
DT and trypan blue assay was carried out. C Caspase 3/7 activity of
the treated cells was measured. Data are representative results from
three independent experiments as means +S, (*P <0.05; **P<0.01;
*#%P <(0.001 compared to 0 as the control)

in cell death was detected between the DMSO-treated and
untreated cells (data not shown). However, treatment at the
two examined DT concentrations resulted in a notable inhi-
bition of cell viability compared with the control cells. Cell

proliferation/viability of MCF7 following treatment with
DT was also measured with the trypan blue exclusion assay,
and the results indicated similar trends to MTT (Fig. 1B).
The addition of 10 nM DT slightly inhibited the prolifera-
tion of MCF7 cells. As the DT concentration increased to
100 nM, the percentage of cell proliferation also decreased.
Moreover, the proliferation-inhibiting and the death-pro-
moting effects of DT on MCF7 cells gradually enhanced
with prolonged duration of DT treatment (data not shown).
Therefore, the effects of two concentrations of DT on MCF7
displayed an apparent time- and dose-dependence.

A main feature of apoptosis induction is the activation
of caspases. Therefore, to validate of apoptosis induction,
caspase 3/7 activity was measured at 24 h after exposure
with 10 and 100 nM DT. As shown in Fig. 1C, apoptosis
by DT was established and the different dose of DT dem-
onstrated different responses. Cells treated with further
concentration (100 nM) showed higher caspase 3/7 activity.
The results indicated that DT treatment induced apoptosis
in MCF7 cells. Therefore, these concentrations of DT and
24 h incubation time showing the appropriate effects in the
viability and caspase 3/7 activity were chosen for the sub-
sequent analysis.

Analysis of the effects of Apaf-1 protein
upregulation on DT efficacy

Apaf-1 is in inactive monomeric form in cells [9]. Intrinsic
apoptotic stimuli lead to mitochondrial Cyt c release into
cytosol, where its binding to Apaf-1 protein in presence of
dATP/ATP, promote the assembly of a multiprotein complex
called apoptosome. The apoptosome complex has a vital role
in activating the caspase family and triggering the apoptosis
[25]. Although this process shows a known function in apop-
tosis and the major constituent of apoptosome is Apaf-1, the
exact role of Apaf-1 level in DT-induced apoptosis rate and
resistance to DT-induced apoptosis has not been elucidated.
Cancer cells are known to restrict apoptosis, extend drug
resistant and expand cell migration, because Cyt ¢ become
degraded. Low Apaf-1 levels can leave an excess of cyto-
solic Cyt c accessible for degradation [11, 25, 26]. To obtain
further evidence for the role of Apaf-1 in DT-induced apop-
tosis in breast cancer cells, we examined its engagement in
apoptosis induction rate using Apaf-1 upregulation in MCF7
cells.

To assess whether Apaf-1 overexpression increases
apoptosis in cancer cells, MCF7 cells were transfected with
pcDNA/Apaf-1, or subjected to mock transfection with the
pcDNA vector without any gene (as a negative control).
About 40 h after transfection, cells were stimulated by DT
for 24 h and then collected for analysis. The results showed
that there was a marked increase in the DT-induced apop-
tosis (Fig. 2).
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(1) Cell viability, Apaf-1 level and ATP content meas-
urement

Transfected MCF7 cells were treated by the selective
concentrations of DT to investigate the effect of Apaf-1 in
enhancing apoptosis induction and decreasing cell viability.

Residual cell proliferation and cell viability was determined
with the trypan blue assay by light microscopy. As illustrated
in Fig. 2A, Apaf-1 upregulation significantly reduced cell
viability and cell proliferation after DT stimulation com-
pared to control. To confirm the change of Apaf-1 level,
the cell extracts were examined by western blot analysis.
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Fig.2 Apoptosis assay in transfected and untransfected MCF7 cells
at 24 h of DT stimulation through measurement of cell viability,
ATP, ROS and caspase activity, with Apaf-1 protein level analysis.
A Trypan blue dye staining in transfected and untransfected MCF7
cells after DT treatment was measured. B Apaf-1 protein level in
transfected and untransfected MCF7 cells was assessed by western
blot and then quantified. C ATP level was assessed at desired time
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after apoptosis induction by DT. D The effect of Apaf-1 expression
on apoptosis was monitored by caspase 9 assay. E Intracellular accu-
mulation of ROS was measured according to DCFH-DA conversion
after apoptosis induction. F The effect of Apaf-1 expression on apop-
tosis was monitored by caspase 3/7 activity. Data are representative
results from three independent experiments as means +S, (¥*P <0.05;
**P<0.01; ***P <0.001 compared to 0 as the control)
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The overexpression of Apaf-1 was clearly detected in the
MCF7 transfected cells (Fig. 2B). Apoptosis is an energy
dependent process [7-9], and ATP changes are measured
because of its function in apoptosome formation. To explore
Apaf-1 upregulation on the rate of cell death induced by
DT, the content of ATP was measured using firefly lucif-
erase assay [5, 20]. As indicated in Fig. 2C, the intracellular
ATP content reached the lowest level in the transfected and
stimulated cells.

(2) Intracellular ROS levels

ROS levels have been considered as an indicator of cell
death and contribute to carcinogenesis and other diseases
related to oxidative damage [27]. To evaluate ROS produc-
tion in Apaf-1 upregulation, DCFH-DA was used. DCFH-
DA as a ROS sensitive dye is one of the most widely used
techniques for directly measuring the redox state of a cell.
As indicated in Fig. 2E, ROS level in the transfected cells
by Apaf-1 was enhanced after induction, whereas a slight
increase of ROS level was detected after apoptosis induction
by DT in untransfected cells.

(3) Caspase activity

Caspase activation is a key event that determines a cell
undergoes death. Caspase 9 as the initiator caspase is evalu-
ated in the intrinsic pathway and its pro-apoptotic action
mediated by effector caspases 3, 6 and 7. Caspase 3/7 acti-
vation is essential for last step of apoptosis [5, 28]. Here,
caspase 9 activity was measured after treatment with DT
and the results showed that activity increased significantly
in the cells transfected with Apaf-1, while in control cells
slightly enhanced after induction (Fig. 2D). Moreover, cas-
pase 3/7 activity was monitored and as shown in Fig. 2F, in
cells treated with DT increased; however after induction in
the cells transfected with Apaf-1 increased more than con-
trol. Therefore, the rise in caspase 9 and 3/7 activities was
observed in the upregulation of Apaf-1.

Cytoplasmic Cyt c measurement

Release of Cyt ¢ from mitochondria is a critical event in
apoptosis initiation [26, 29]. To examine the effects of
Apaf-1 expression on Cyt c levels during apoptosis induc-
tion by DT, western blot analysis of Cyt ¢ was performed in
cytosolic fractions. As an alternative analysis, the expres-
sion level of Cyt ¢ was evaluated by immunofluorescence
staining. As shown in Fig. 3, release of Cyt ¢ occurred in
response to DT-related stimuli and reached to the highest
level in the transfected cells with more red fluorescence. The
differences among the control and transfected cells were also
detected with DAPI staining (Fig. 3A). As seen in western

blot (Fig. 3E), after induction in the cells transfected with
Apaf-1, the cytoplasmic Cyt ¢ content increased more than
cells treated with DT as control.

Morphological features

The resistance to drug-induced apoptosis is attended by
changes in biological features of cells such as morphology.
In comparison to control, the cells transfected by Apaf-1
and treated with chemo-drug DT were rounded shape and
included large vesicles in the cytoplasm (Fig. 4A).

Cellular bioimaging by Pl and DAPI

PI is an indicator dye that acts by intercalating with DNA
and emitting red fluorescence. PI cannot pass the membrane
of intact cells, making it effective to differentiate between
live and dead cell populations, while DAPI can cross via
a live cell membrane, so can be useful to stain both live
and dead cells [30]. Interestingly, cells transfected with the
Apaf-1 displayed more red fluorescence after apoptosis
induction by DT (Fig. 4B and C). The differences among
the control and transfected cells were also detected with
DAPI staining (Fig. 3A). These results confirmed the already
obtained data based on existence of exogenous Apaf-1.

Annexin V/Pl apoptosis assay

The externalization of phosphatidylserine on the surface of
plasma membranes of dead cells is a hallmark of apoptosis
[21, 31]. To assess whether such process enhanced in DT
induction upon Apaf-1 expression, transfected and non-
transfected MCF7 cells were treated with DT and annexin V/
PI staining applied. As shown in Fig. 5, a significant increase
in the apoptosis rate (from 29.8% to 40.8%) was observed
upon Apaf-1 upregulation when compared to alone DT drug
treated cells. These results showed that during Apaf-1 over-
expression and apoptosis induction, like increased caspase
activity and other results, apoptotic cells increased and cell
staining by annexin V/PI elevated.

Discussion

Cancer related deaths are projected to increase in the near
future. Breast cancer is the second most common cancer.
Fortunately, the mortality rate has declined over the past
several years due to a better understanding of cancer cell
behavior and improved diagnostic and therapeutic devices.
Current cancer treatment options include surgery, chemo-
therapy, radiotherapy and combination of treatments [32].
Combination therapy help improve the quality of life and
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Fig.3 Analysis of the Cyt ¢ in transfected and untransfected MCF7
cells treated with DT. A Cells stained with DAPI were observed by
fluorescent microscopy. B The expression level of Cyt ¢ was evalu-
ated by immunofluorescence staining with an antibody to Cyt c. C

survival. Gene therapy for cancer treatment is still in the
early stages.

To analyze the mechanism of cancer development and
to improve cancer treatment outcomes, it is important to
distinguish which proteins are essential in cancers related
deaths, and whether the expression levels of these proteins
affect treatment. Impairment in the apoptotic process can
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be the cause of cancer progression and resistant to treat-
ment. The major constituent of the apoptosome complex,
Apaf-1, associates with caspase 9 in the presence of Cyt
c and dATP, resulting in apoptosis [8, 13, 18]. The cancer
cells express less Apaf-1 than the normal cells, which are
resistant to apoptosis induced by drugs and chemotherapy
[11]. In the present work, we found that induction of MCF7
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Control

Fig.4 Apaf-1 affects sensitivity to cell death. MCF7 cells were trans-
fected and treated with DT after 24 h. A The establishment of drug-
sensitivity phenotype in MCF7 cells was associated with alternation

by DT in presence of Apaf-1 greatly enhanced cytoplasmic
Cyt c level and apoptotic cell death in comparison with the
DT-single induction.

Cancer is the result of imbalance between cell death and
proliferation. This hypothesis influenced by the defect of
apoptotic process. The apoptosis-related genes are often
downregulated during tumorigenesis and cause cancer
cells to proliferate [26, 33]. It seems that effective treat-
ment in cancer cells may be caused by not only acceler-
ated cell death but also slowed down cell proliferation,
which might be affected with Apaf-1 level. According to
this hypothesis, the effect of increasing Apaf-1 expression
was examined by cell proliferation and cell viability assay.
Initial studies highlighted that DT drug induced apoptosis
involve caspase 3/7 activity (Fig. 1C), resulting in cell
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proliferation decreased (Fig. 1B). The sensitizing effect
of DT was elevated with respect to Apaf-1 upregulation
(Figs. 2 and 3). High expression of Apaf-1 promoted apop-
tosis rate in MCF7 cells, and agreed with apoptosis rate,
cell proliferation and cell viability decreased (Fig. 2A).

Here, we used different apoptosis assay methods to bet-
ter understand the function of Apaf-1 in cancer develop-
ment, and western blot to examine Apaf-1 level in MCF7
cells. Our results indicated that Apaf-1 upregulation sensi-
tized MCF7 breast cells to anticancer drug DT, suggesting
that loss of Apaf-1 level may cause chemo-resistance in
breast cancer. Reconstitution of Apaf-1 in other cells may
also elevate apoptotic death in response to chemotherapy,
as shown by others [15, 34-37].
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Fig.5 Apoptosis of DT-induced MCF?7 cells with or without Apaf-1 transfection was measured by AnnexinV-FITC/PI assay. A Percentage of
death from the treated cells with DT was determined based on AnnexinV-FITC/PI by flow cytometry; and B quantified
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Transfection of the expression vector harboring gene
into cells increases its protein level. As expected, DT treat-
ment with Apaf-1 upregulation sensitized MCF7 cells to
Cyt c—mediated activation of caspase 9 and caspase 3/7, and
subsequently the rate of apoptosis increased (Fig. 2). The
anticancer drug accumulation aggravates oxidative stress
and accelerates cell death. Apaf-1 expression significantly
reduced the threshold for DT-induced apoptosis. In order
to support our results, levels of ROS as an indicator of oxi-
dative stress was evaluated by DCFH-DA. As mentioned
in Fig. 2E, ROS level in transfected and stimulated cells
elevated higher than that of untransfected cells. In fact, ROS
produced in cells may cause mitochondrial permeability and
Cyt c release, which subsequently promotes apoptosome for-
mation and intrinsic apoptosis.

Meanwhile, in parallel with ROS generation, caspase 3/7
activity in transfected cells enhanced more than untrans-
fected cells (Fig. 2F), but ATP content reduced (Fig. 2C),
suggesting that Apaf-1 can be a main factor in apoptosis at
higher level and leading to an increase cell death via enhanc-
ing apoptosome organization. These findings are further evi-
dence supporting a vital function of Apaf-1 in apoptosis
induction by chemotherapy to overcome drug resistance.

It is noteworthy that Apaf-1 determines whether Cyt ¢
remains stable in cytoplasm or degrades once it is released
from mitochondria [11]. Moreover, functional conforma-
tion of Apaf-1 depends on the presence of dATP and Cyt c
[38, 39]. In order to validate Cyt c level in cytoplasm after
Apaf-1 overexpression and its stability, western blot and
immunocytochemistry analysis were examined. Immuno-
assay analysis demonstrated that cytoplasmic Cyt c level
was elevated along with increasing Apaf-1 (Fig. 3). Thus,
our findings provide direct evidence that Apaf-1 can sen-
sitize MCF7 breast cells to DT-induced apoptosis through
increasing cytoplasmic Cyt c resulting in the more apopto-
some formation and activate the postmitochondrial-mediated
caspase cascade and then more apoptosis.

Caspase 3/7 activation in apoptosis induction by chemo-
therapy has been reported by others [40—-43]. MCF7 cells
are caspase 3 deficient but caspases 7 and 6 are expressed
and apoptosis pathway is possible through sequential activa-
tion of caspases 9 and 7 or 6 [44, 45]. In our experiments,
comparison between MCF7 control and Apaf-1 transfected
cells more specifically determined the role of Apaf-1 level in
caspase 3/7 activation in DT-induced apoptosis. Moreover,
one valuable data was that when the transfected cells were
treated with DT drug, by enhancing DT from 10 to 100 nM,
death substrate cleavage and caspase 3/7 activation increased
(data not shown). It seems that a dose-dependent of drug
may be for both types of cells to induce more caspase 3/7.

Nuclear fragmentation is a key feature associated with
apoptosis. To investigate the effect of Apaf-1 overexpression

Docetaxel x

Cytc : e . .°.
. L o © ) .....0
Apaf-1 " \. ) .,:_- ’?

X
Apoptosome *
X >

Sensitivity to Apoptosis

Fig.6 Schematic diagram of Apaf-1 behavior at the efficiency of
apoptosome formation and enhancing the sensitivity to DT in MCF7
cells. High Apaf-1 level may enhance apoptosome complex formation
in MCF7 cells through trapping Cyt c in the cytosol
on DNA and nuclear damage in drug-induced apoptosis,
both MCF7/Apaf-1 and control MCF7 cells treated with DT
were analyzed by PI staining, DAPI staining and annexin V/
PI assay through flow cytometry. As indicated in Fig. 4B, PI
staining analysis detected significant DNA fragmentation in
DT-treated with Apaf-1 upregulation and the stained cells
with DAPI (Fig. 3A) supported the interpretation. Moreover,
flow cytometry analysis showed increased levels of apopto-
sis by DT treatment in Apaf-1 transfected cells (Fig. 5). It
seems that induction of cells by DT after Apaf-1 expression
can be used as a modality for the breast cancer treatment.
Taken together, our results suggest that Apaf-1 reduction
may be responsible for reduced Cyt ¢ level and apoptosis and
linked to therapeutic resistance to DT in breast cancer cells.
In summary, we found that Apaf-1 is a main determinant
of apoptosis rate in MCF7 breast cancer cells and our results
demonstrated that the resistance of MCF7 cell line to DT
was due to insufficient Apaf-1 content and Cyt c in cytosol.
This investigation confirmed that overexpression of Apaf-1
enhances the susceptibility of MCF7 breast cancer cells to
DT-induced apoptosis and declines DT-induced apoptotic
resistance. Since the Apaf-1 level is reduced in cancer cells
and upregulation of Apaf-1 increases apoptosome assembly
upon binding to cytoplasmic Cyt ¢ (Fig. 6), reversion of the
reduced Apaf-1 level should be evaluated in the design of
novel strategies for the breast cancer treatment. Therefore,
Apaf-1 can be a potential target for further investigation in
breast cancer therapy.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12032-021-01532-8.
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