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A B S T R A C T

Breast cancer is frequently diagnosed in women and poses a major health problem throughout the world.
Currently, the unresponsiveness of cancer cells to chemotherapeutics is a major concern. During chemother-
apeutic treatment with Doxorubicin, neighbouring cells in the tumor microenvironment are also damaged.
Depending on the concentration of Doxorubicin, apoptotic or senescent fibroblasts in the tumor micro-
environment can then secrete a variety of bioactive molecules which promote tumor growth, metastasis and drug
resistance.

Mouse embryonic fibroblasts (MEFs) were treated with Doxorubicin to induce apoptosis and senescence re-
spectively. Conditioned media was collected from the MEFs and was used to assess the paracrine effects between
fibroblasts and E0771 murine breast cancer cells.

Senescent fibroblasts significantly increased cell viability in E0771 cells following Doxorubicin treatment by
activating Akt and ERK. Autophagy contributed to cancer cell death and not to treatment resistance in breast
cancer cells.

Our results highlight the complexity of the tumor microenvironment where chemotherapeutic agents such as
Doxorubicin can induce significant changes fibroblasts which can affect tumor growth via the secretion of
paracrine factors. Here we have demonstrated that those secreted paracrine factors enhance breast cancer
growth and induce therapeutic resistance through the evasion of apoptotic cell death.

1. Introduction

Breast cancer is frequently diagnosed in women worldwide, where
2.1 million cases of breast cancer were diagnosed during 2018 [1].
Different gene mutations result in the onset of different breast cancer
subtypes, which makes it difficult to determine the exact diagnosis as
well as treatment options that will be most successful in eliminating the
cancer [2]. The focus of breast cancer research has been on the trans-
formed tumor itself, but recently the surrounding tumor micro-
environment (TME) is being extensively investigated because of its
contribution to chemotherapeutic resistance [3,4]. The TME is char-
acterized by cellular and non-cellular components of the tumoral niche,
which includes extracellular matrix (ECM) components, lymphatic
vascular networks, fibroblasts, immune cells and adipose cells [5,6].
These cells are often recruited to the primary tumor site to establish the
TME for tumor progression in soluble paracrine signals, which con-
tribute to the rapid growth of cancer cells, advanced stage malignancies

and metastasis, thereby enhancing the complexity of breast cancer
treatment strategies.

Breast stroma is characterized by many cell types, including mac-
rophages, adipocytes and fibroblasts [7]. Under normal physiological
conditions, fibroblasts maintain physiological homeostasis by reg-
ulating ECM turnover and wound healing. The interaction between
breast stroma and epithelial cells is therefore critical for proper breast
development [8].

Doxorubicin (DXR), an anthracycline, is an effective anti-cancer
chemotherapeutic commonly used to treat a wide spectrum of cancers
including leukaemia, lung, breast, stomach and ovarian cancer and is
currently one of the most potent anti-tumor antibiotics [9,10]. The
proposed main mechanism of action for DXR is the ability to poison
topoisomerase II within the nucleus of cancer cells [11]. However, the
exposure to DXR can induce a senescent state in a variety of cells in-
cluding cancerous and non-cancerous cells, depending on the dosage
and treatment duration.
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Senescence, which was first introduced by Hayflick and Moorhead,
is defined as a permanent growth arrest that occurs in cells, which re-
main metabolically active, but display changes in morphology [12].
Accelerated or oncogene-induced senescence can be induced by ex-
ternal stressors like chemotherapeutic drugs, including DXR [13]. The
anti-proliferative nature of the senescence response clearly highlights
the plausible effect of a tumor suppressor mechanism because of its
ability to inhibit malignant transformation and growth. However, ex-
tensive research has indicated that senescent cells develop altered se-
cretory activities in the TME, which can promote tumorigenesis. In cell
culture models, cancer cell growth is promoted by paracrine factors like
cytokines (interleukin-1 and interleukin-6) secreted from senescent fi-
broblasts, by enhancing the proliferation and blocking programmed cell
death in cancer cells [14,15]. The phenomenon where senescent cells
remain metabolically active but undergo changes in protein secretion
and expression, is referred to as the senescence-associated secretory
phenotype (SASP) [16]. The SASP is constituted of many soluble and
insoluble factors that affect neighbouring cells through the activation of
cell surface receptors and signal transduction pathways. Once the SASP
is induced in cells, the cells undergo stable cell cycle arrest as well as
morphological changes associated with cellular senescence [17,18].
These changes include a flat and enlarged cellular morphology and the
upregulation of senescence-associated β-galactosidase activity. A per-
sistent DNA damage response (DDR) contributes to the onset of the
senescent phenotype by upregulating p21 and p16 (cyclin-dependent
kinase inhibitors) as well as the consequent activation of the retino-
blastoma tumor suppressor protein to induce irreversible cell cycle ar-
rest [19]. In vitro studies have confirmed that the proliferation of a
cancer cell line is enhanced by conditioned media generated from se-
nescent fibroblasts [20].

Autophagy, a type of programmed cell death that maintains the
turnover of organelles and proteins, is also activated by the significant
changes in cytokine expression [21]. The process of autophagy is in-
volved in many biological processes, including cell death or survival,
proliferation, senescence and the onset of carcinogenesis [22]. How-
ever, the role of autophagy in cancer remains controversial [23]. Pro-
liferating tumor cells are highly disadvantaged once autophagy is in-
hibited because compensatory mechanisms must be implemented for
cancer cell survival [24].

The ability of cancer cells to develop chemotherapeutic resistance is
still a major concern. The effectiveness of current cancer therapies is
limited once cancer cells are able to evade apoptotic cell death.
Therefore, combination therapy or therapeutic options that
target alternative pathways should be considered.

Since fibroblasts in the TME are influenced by DXR during breast
cancer treatment, the aim of this study was to assess the effects of
apoptosis and senescence conditioned media generated from fibroblasts
on breast cancer cells to determine whether an apoptotic or senescent
state in fibroblasts in the TME will influence the growth of breast cancer
cells in vitro. In this study, we demonstrate the detrimental outcome
that senescent fibroblasts can have on the success rate of chemother-
apeutic treatment, specifically DXR.

2. Materials and methods

2.1. Cell lines and chemicals

Mouse embryonic fibroblasts (MEFs) kindly received from Prof Ben
Loos (Stellenbosch University, Cape Town, South Africa) and mouse
E0771 breast cancer cells provided by Prof Fengzhi Li (Roswell Park
Cancer Institute, Buffalo, New York, USA) were cultured in Dulbecco's
Modified Eagle's medium (DMEM) (Gibco), supplemented with 10%
fetal bovine serum (FBS) (Capricorn Scientific) and 1% penicillin-
streptomycin (Gibco). All cells were incubated in a 5% CO₂ incubator at
37 °C. DXR hydrochloride (Sigma) was prepared in a stock solution by
dissolving it in pure DMEM. Aliquots were stored at −20 °C and further

dilutions were made in culture medium. Bafilomycin (LKT
Laboratories) was stored in aliquots at −20 °C and dilutions were made
in culture medium.

2.2. Senescence associated β-galactosidase stain

MEFs were seeded and treated with 2 μM of DXR for 4 h. After the
treatment period, the cells were incubated for 12 days in a 5% CO₂
incubator at 37 °C. Detection of SA-β-galactosidase activity was per-
formed as previously described [25] on day 12 and the cells were in-
cubated for 16 h. Images were obtained by a brightfield microscope at
40× magnification and six images per group were obtained. Cells were
counted by using ImageJ software.

2.3. Conditioned media

MEFs were treated with 2 μM DXR for 4 h and incubated for 13 days.
Conditioned media (CM) was collected and centrifuged at 5000 rpm for
10min at 4 °C on day 7, 10 and 13 and was filtered with a 0.2 μm filter.
For apoptosis, MEFs were treated with 1 μM DXR for 24 h where after
the media was collected and centrifuged at 5000 rpm for 10min at 4 °C.
The CM was snap frozen in liquid nitrogen and stored at −80 °C.

2.4. MTT assay

E0771 cells were treated with DXR-induced apoptotic and senes-
cence CM generated from MEFs for 24 h. At the end of the treatment
duration, MTT solution, dissolved in 0.1M PBS, was added and in-
cubated for one hour in a 5% CO₂ incubator at 37 °C before solubili-
zation. Absorbance was measured at 595 nm in a microplate reader.

2.5. Western blot

Total cell protein was extracted by incubating the cells in radio-
immuno precipitation (RIPA) buffer. Protein quantification was per-
formed by using a Bradford assay [26]. Samples (50 μg/lane) were
subjected to 12% SDS-PAGE and transferred to a PVDF membrane
(Biorad). The membrane was then probed with primary antibodies
overnight, incubated in secondary antibody for 1 h at room temperature
the following day and visualized by ECL (Biorad). The following pri-
mary antibodies were used: Caspase 3 (Abcam; #ab184787; 1:1000),
Caspase 8 (Abcam; #ab25901; 1:1000), Caspase 9 (CST; #9508 1:500),
PARP (Abcam; #ab191217; 1:500), MCM2 (Abcam; #ab108935;
1:10 000), p53 (Invitrogen; #13-4100; 1:500), p21 (Invitrogen;
#AHZ0422; 1:500), p16 (Abcam; #ab189034; 1:1000), RB (Abcam;
#ab181616; 1:1000), LC3II (CST; #3868; 1:1000), p62 (Abcam;
#ab109012; 1:1000), Akt (CST; #9272; 1:1000) and ERK (Abcam;
#ab184699; 1:1000). For protein quantification, the relative amount of
each protein investigated was normalized to the total protein signal in
each lane using Image Lab software™ (Biorad) as determined by the
Stain-Free™ properties of the blot.

2.6. Immunofluorescence

E0771 breast cancer cells were grown on coverslips and treated with
CM, DXR and Bafilomycin (400 nM, 4 h prior to the end of the treat-
ment duration) for 24 h. After the treatment period, cells were washed
with ice-cold PBS and fixed for 10 min in 4% paraformaldehyde, fol-
lowed by permeabilization with 0.1% Triton-X (Sigma Aldrich) for
10 min. Afterwards, the cells were blocked in 1% BSA (Roche) for
60 min and incubated in primary antibodies, p62 (Abcam; #ab109012;
1:400) and LC3 II (CST; #3868; 1:200) overnight. The cells were then
washed with PBS and incubated in secondary antibody (Donkey anti-
Rabbit IgG (H+L) Secondary Antibody Alexa Fluor 568 [ThermoFisher
Scientific, #A10042]) prepared in PBS for 60 min. Hoechst 33 342
(1:200, Sigma Aldrich) was used for nuclear staining. Cells were

C. Fourie, et al. Experimental Cell Research 381 (2019) 280–287

281



visualized with the Olympus® CellˆR system on an Olympus® IX81 in-
verted fluorescence microscope (Olympus®, GMBH Japan) using the
60× oil immersion objective and the 360 nm and 492 nm excitation
filters. For image processing, Z-stacks were 3D deconvoluted with
Huygens Professional software (Version 18.10, Scientific Volume
Imaging, http://svi.nl). 2D maximum intensity projections were pro-
duced from deconvoluted z-stacks and adaptive Otsu thresholding was
applied to each image with a threshold smoothing scale of 0.5 and a
threshold correction factor of 2.0 (CellProfiler 3.1.5.1). LC3 and p62
positive structures were then quantified through particle counts using
Fiji (Image J) software2.

2.7. Statistical analyses

Statistical analyses were performed using GraphPad version 5.0
statistical software. The significance was calculated using student t-tests
and one-way analysis of variance (ANOVA), followed by a Bonferroni
post-hoc test. All results are expressed as mean ± standard error of the
mean (SEM). A p-value less than 0.05 was considered statistically sig-
nificant.

3. Results

3.1. DXR induced apoptosis activation in MEFs

MEF cell viability was significantly decreased when treated with
DXR concentrations ranging between 1 to 10 μM (Fig. 1). To confirm
the induction of apoptosis in DXR-treated MEFs, the expression of
several apoptotic markers was measured by western blotting. The ex-
pression of Caspase 3 (Fig. 2A), Caspase 8 (Fig. 2B), Caspase 9 (Fig. 2C)
and PARP (Fig. 2D) was assessed after the 24-h treatment period with
1 μM DXR. As shown in Fig. 2A and B, cleaved caspase 8 and caspase 3
was significantly increased after the treatment period. Interestingly,
cleaved PARP was significantly decreased in the DXR treated group
when compared to the control (Fig. 2D). However, no changes in the
expression of Caspase 9 was observed (Fig. 2C). From this data, we
concluded that DXR efficiently induces apoptotic cell death in MEFs by
activating the extrinsic apoptosis pathway.

3.2. DXR induced senescence in MEFs

A SA-β-gal assay (Fig. 3) was used to determine the amount of se-
nescence induced in a MEF population. MEFs were treated with 2 μM of
DXR for 4 h, followed by a 12-day incubation period. After the treat-
ment period, 56% of the MEF population was senescent. After the in-
cubation period, Western blot analyses was used to confirm that the
MEFs were senescent and non-proliferative. MCM2 (Fig. 4A) was sig-
nificantly decreased on day 8 and day 12 when compared to the con-
trol. p16 (Fig. 4B) and total RB (Fig. 4C) was also significantly increased
on day 12. Based on these results, we concluded that a senescent state
had been successfully induced in a MEF population.

3.3. Effects of conditioned media on E0771 cells

Next, we investigated the sensitivity of E0771 mouse breast cancer
cells to DXR in the presence of apoptotic and senescent CM by using an
MTT assay. Cell viability was assessed after E0771 cells were treated
with apoptotic and senescent CM in the presence of 1 μM DXR for 24 h
(Fig. 5). Senescent CM with DXR (CM-S-DXR) showed significantly less
cell death when compared to both the control and apoptotic CM (CM-C-
DXR and CM-A-DXR). This data indicates that E0771 cells evade cell
death and possibly enhance their proliferative capacity in the presence
of senescence CM even after DXR had been administered, which can
ultimately contribute to treatment resistance. To determine if
E0771 cells evade cell death the expression of apoptotic markers was
analysed by Western blot. Cleaved caspase 8 (Fig. 6A) as well as caspase
3 (Fig. 6B) was significantly decreased in CM-S-DXR. Total PARP
(Fig. 6C) expression was also significantly decreased in senescence CM.
This data leads us to believe that senescent fibroblasts secrete certain
factors that allow E0771 cells to evade apoptosis and induce treatment
resistance.

3.4. E0771 cells have enhanced proliferation capacity

The expression of MCM2 was used to investigate whether the
E0771 cells are in a proliferative state after a 24-h treatment period
with senescence CM and DXR (CM-S-DXR). MCM2 was significantly
increased in senescence CM (CM-S) as well as senescence CM in the
presence of DXR (CM-S-DXR) (Fig. 7A). Furthermore, p53, a tumor
suppressor protein, was significantly increased in apoptosis CM in the
presence of DXR (CM-A-DXR) (Fig. 7D). However, contradictory to the
increased expression of MCM2, p16 and total RB was significantly in-
creased in senescence CM in the presence of DXR (CM-S-DXR) (Fig. 7B
and C). Based on these results, the increased expression of MCM2 in-
dicates that E0771 cells remain proliferative by factors secreted from
senescent fibroblasts.

3.5. Autophagy contributes to E0771 cell death

To investigate whether autophagy contributes to E0771 cells
evading apoptotic cell death, an MTT assay was used. In the presence of
Bafilomycin A1 (a late phase autophagy inhibitor), cell viability was
significantly decreased in the control CM (CM-C-Baf), but was sig-
nificantly increased in apoptosis (CM-A-Baf) and senescence CM (CM-S-
Baf) when compared to the respective groups without Bafilomycin
(Fig. 8). Based on these results, we concluded that autophagy has a
cytotoxic role in E0771 cells during treatment with apoptotic and se-
nescent CM because of its contribution to cell death.

3.6. DXR does not induce changes in autophagic flux

The expression of LC3 II and p62 was analysed by Western blot to
investigate the role of autophagy in treatment resistance (Fig. 9). In the
presence of Bafilomycin A1, the expression of LC3 II was significantly
increased in control, apoptosis and senescence CM (Fig. 9A).

Fig. 1. Percentage viability of MEFs after a DXR treatment period determined
by an MTT assay. MEFs were seeded and treated with different DXR con-
centrations over a period of 24 h. Results are presented as means ± SEM
(n = 3). The (*) denotes a significant decrease in cell viability when compared
to the control.
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Autophagic flux as defined by du Toit et al. [27] was used to measure
autophagic degradation activity. However, no changes in the expression
of LC3 II to indicate that autophagic flux was occurring, was observed.
Furthermore, similarly to LC3 II, the observed expression of p62
(Fig. 9B) indicated that no changes in autophagic flux was occurring.
Autophagosome counts were then performed by immunocytochemistry
analysis (Fig. 10). However, no changes to indicate that autophagic flux
had occurred was observed.

3.7. Senescent fibroblasts enhance proliferation of E0771 cells

To investigate possible mechanisms for E0771 proliferation fol-
lowing treatment with senescent CM, key signaling proteins were as-
sessed by western blotting. The activation of Akt (Fig. 11A) was sig-
nificantly increased in CM-A-DXR, CM-S and CM-S-DXR. Similarly, a

significant increased activation of ERK (Fig. 11B) was observed in CM-
A-DXR and CM-S-DXR. These results provide further evidence for
cancer cell proliferation.

4. Discussion

In this study, we have shown that senescent fibroblasts contribute to
the ability of mouse breast cancer cells to evade apoptotic cell death
which contributed to chemotherapeutic resistance. DXR induces ROS
production, which plays an important role in caspase activation to serve
as primary mediators for the apoptotic pathway [28]. We and others
have demonstrated that cleaved caspase 3 and caspase 8 was sig-
nificantly increased in DXR treated MEFs following the treatment
period [29,30]. These findings suggest that apoptosis had successfully
been induced in the fibroblast population. The amount of senescence

Fig. 2. Effect of DXR on apoptosis activation in MEFs. The expression of the indicated proteins was examined by western blotting in MEFs: (A), Cleaved Caspase 8,
(B), Cleaved Caspase 3, (C) Caspase 9 and (D) Cleaved PARP after a 24-hr treatment period with 1 μM DXR. Total protein was used for normalization. The (*) denotes
a significant difference when compared to the control.

Fig. 3. Phenotypical changes in MEFs following
treatment with DXR for senescence induction as de-
termined by a SA-β-gal assay. MEFs were treated
with DXR (2 μM) for 4 h followed by a 12-day in-
cubation period under normal culture conditions.
Fig. 2A represents an untreated control MEF group.
MEFs were stained on day 12 for 16 h before ac-
quiring the images with a bright field microscope
(Fig. 2B). Three independent experiments were per-
formed.

Fig. 4. Effect of DXR on senescence induction in MEFs. The expression of the indicated proteins was examined by western blotting in MEFs: (A), MCM2, (B), p16 and
(C) total RB after a 4-hr treatment period with 2 μM DXR. Total protein was used for normalization. The (*) denotes a significant difference when compared to the
control; (#) denotes a significant difference compared to day 1 and (@) denotes a significant difference compared to day 2.
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(56%) in the MEF population was less than the recommended 80%
suggested in literature, but still induced significant changes in
E0771 cells [31]. The non-proliferative state of the MEFs was further
supported by the decreased expression of MCM2 as well as the in-
creased expression of two tumor suppressor proteins, p16 and total RB,
both serving as markers of senescence.

Our results indicate that in the presence of DXR, conditioned media
generated from senescent cells, induced evasion of apoptotic cell death
in mouse breast cancer, as confirmed by the cell viability assay. This
was supported by the decreased expression of several apoptotic markers
including caspase 3, caspase 8 and PARP in the E0771 cells treated with
DXR as well as the increased expression of MCM2, a DNA replication
factor [32], which supports the enhanced proliferative ability of the
cancer cells. Contradictory to the increased expression of MCM2 how-
ever, p16 and RB was significantly increased, which remains to be

elucidated. The transition from the first growth phase (G1) to the
synthesis phase (S-phase) is regulated by the p16-RB pathway. p16
binds to and inhibits cyclin-dependent kinase 4 (CDK4) activity, which
blocks RB phosphorylation to prevent the G1/S-phase transition from
occurring. Although a feedback loop exists between p16 and RB, it has
been shown that the expression level of p16 does not change sig-
nificantly during the cell cycle to correlate with RB expression, which is
supported by the increase in p16 in RB-negative cells [33]. Therefore,
further analysis needs to be implemented to determine other mechan-
isms of p16 regulation, which could potentially explain why the in-
crease in the expression of these tumor suppression proteins were ob-
served.

The physiological characteristics of the TME differ from those of
normal tissue and is often described as hypoxic, nutrient deprived and
inflammatory. These characteristics can induce autophagy through the
activation of several pathways [34]. Autophagy is a normal physiolo-
gical process that maintains cellular homeostasis by digesting damaged
cellular components in lysosomes [35]. Basal levels of autophagy are
found in all cell types, but can also be induced by external stressors like
chemotherapeutic drugs [36,37]. As determined by an MTT assay, cell
viability was increased in control CM in the presence of Bafilomycin A1,
but was significantly decreased in apoptosis and senescence CM. These
findings therefore suggest that autophagy had a cytoprotective role
towards cancer cells in control CM and a cytotoxic role towards cancer
cells in apoptosis and senescence CM. Autophagy was therefore con-
tributing to cancer cell death and not treatment resistance. Although
the expression of LC3 II, a marker for autophagosome formation, was
increased in the presence of Bafilomycin no significant changes were
observed to indicate that autophagic flux was occurring. Similarly, no
significant changes in the expression of p62 were observed. Literature
has suggested that changes in the expression of p62 is attributed to the
ability of DXR to be sequestered into lysosomes, where it will be tar-
geted to be degraded by autophagic machinery [38,39].

The expression of Akt and ERK activation were analysed to de-
termine signaling pathways which are activated to induce cell pro-
liferation in E0771 cancer cells treated with DXR. PI3K activation of Akt
promotes the translocation of Akt from the cytosol to the plasma
membrane and induces activation through phosphorylation at the
Thr308 and Ser473 sites. Akt plays an important role in many in-
tracellular signaling systems like cell growth, proliferation and apop-
tosis inhibition [40]. A significant increase in pAkt/total Akt was ob-
served in CM-A, CM-A-DXR and CM-S with unchanged total levels of
Akt, indicating that Akt activation had occurred. Furthermore, although
total Akt expression was significantly increased in cells treated with
control, apoptosis and senescence CM in the presence of DXR and Ba-
filomycin A1 decreased phosphorylation of Akt was observed in these

Fig. 5. The effects of conditioned media and DXR on E0771 cell death was
measured by an MTT assay. E0771 cells were treated with CM with or without
1 μM DXR for 24 h. Error bars indicate mean ± SEM of three independent
experiments. CM-C: conditioned media from fibroblasts untreated, CM-C-DXR:
conditioned media from fibroblasts treated with DXR, CM-A: conditioned media
from apoptosis-induced fibroblasts untreated, CM-A-DXR: conditioned media
from apoptosis-induced fibroblasts treated with DXR, CM-S: conditioned media
from senescence-induced fibroblasts untreated & CM-S-DXR: conditioned media
from senescence-induced fibroblasts treated with DXR. The (*) denotes a sig-
nificant decrease relative to the control; the (@) denotes a significant decrease
relative to CM-A and (#) denotes a significant increase in CM-S-DXR relative to
CM-C-DXR and CM-A-DXR.

Fig. 6. Effects of CM and DXR on E0771 cell death. The expression of the indicated proteins was examined by western blotting in E0771 cells: (A), cleaved caspase 8,
(B), caspase 3 and (C), PARP after a 24-hr treatment period with conditioned media and 1 μM DXR. Total protein was used for normalization. The (*) denotes a
significant difference relative to the control and (#) relative to CM-C-DXR.
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groups, indicating lower Akt activation. ERK1/2 is a key signaling
molecule that has been extensively investigated as a drug target for
cancer therapy because of its ability to induce proliferation and ma-
lignant transformation of cancer cells [41]. The expression of pERK2/
total ERK2 was significantly increased in cells treated with apoptosis
and senescence CM in the presence of DXR, which could provide a ra-
tionale for the increase in cancer cell viability. Not many studies have
focused on the relationship between autophagy and ERK, but it was
indicated in one study that the cellular availability of autophagic
structures determines the degree of ERK phosphorylation. The authors
speculated that LC3-II-positive membranes and ATG5–ATG12-positive
pre-autophagosomes could serve as cellular signaling platforms that

would allow spatial coordination of the Raf-MEK-ERK cascade to fa-
cilitate ERK phosphorylation. The authors further indicated that an
increase in cell death in autophagy deficient cells may have occurred
from decreased ERK activity [42]. This phenomenon was also observed
during our study where cell death was increased in control CM groups
supported by the decreased expression of ERK in control CM treated
with Bafilomycin A1.

In summary, our results indicate that once senescence is induced in
fibroblasts, tumor resistance is enhanced and the breast cancer cells
have the ability to evade apoptosis by upregulating Akt and ERK acti-
vation.

Fig. 7. Effects of CM and DXR on E0771 proliferation. The expression of the indicated proteins was examined by western blotting in E0771 cells: (A), MCM2, (B),
p16, (C), total RB and (D) total RB after a 24-hr treatment period with conditioned media and 1 μM DXR. Total protein was used for normalization. The (*) denotes a
significant difference relative to the control, (#) relative to CM-C-DXR and (@) relative to CM-S.

Fig. 8. The effects of conditioned media and DXR on
E0771 cell death was measured by an MTT assay. E0771
cells were treated with CM with or without 1 μM DXR for
24 h and Bafilomycin A1 was added 4 h prior to the end of
the treatment duration. Error bars indicate mean ± SEM
of three independent experiments. The (*) denotes a sig-
nificant decrease relative to the control, (&) denotes a
significant decrease in CM-C-DXR-Baf relative to CM-
CDXR; (@) denotes a significant increase in CM-A-DXR-
Baf relative to CM-A-DXR; (#) denotes a significant in-
crease in CM-S-Baf relative to CM-S and ($) denotes a
significant increase in CM-S-DXR-Baf when compared to
CM-C-DXR.

Fig. 9. Effects of CM, DXR and autophagy inhibition on E0771 cells. The expression of the indicated proteins was examined by western blotting in E0771 cells: (A)
LC3 II and (B) p62 after a 24-hr treatment period with conditioned media, 1 μM DXR and 400 nM Bafilomycin A1. Total protein was used for normalization and bands
were cropped to represent the group order as determined by the graphs. The (*) denotes a significant difference relative to the control, (#) relative to CM-A-Baf, (@)
relative to CM-A-DXR, ($) relative to CM-S and (ˆ) relative to CM-C-DXR.
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5. Conclusion

Senescent cells actively communicate with neighbouring cells and
the TME, through the secretion of molecules that constitute the senes-
cence associated secretory phenotype like cytokines, chemokines, and
growth factors which can promote the proliferation of cancer cells. We
have therefore clearly demonstrated that fibroblasts are influenced by
DXR treatment to secrete factors which make cancer cells less suscep-
tible to apoptotic cell death induced by chemotherapy.
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