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Erythropoietin (EPO) is widely used to treat anemia in patients undergoing chemotherapy for cancers.
The main objective of this study was to investigate the effect of rHuEPO on the response of spheroid
breast cancer, MCF-7, cells to tamoxifen treatment. The MCF-7 spheroids were treated with 10 mg/mL
tamoxifen in combination with either 0, 10, 100 or 200 IU/mL rHuEPO for 24, 48 or 72 h. The viability
of the MCF-7 cells was determined using the annexin-V, cell cycle, caspases activation and acridine
orange/propidium iodide staining. rHuEPO-tamoxifen combination significantly (p greater than 0.05)
increased the number of spheroid MCF-7 cells entering early apoptotic phase after 12 h and late apoptotic
phase after 24 h of treatment; primarily the result of the antiproliferative effect tamoxifen. Tamoxifen
alone significantly (p < 0.05) increased the caspase-3 and �9 activities in the spheroid MCF-7 cells by
200 to 550% of the control. Combination rHuEPO and tamoxifen produced much lesser effect on the
caspase-8 activity. The rHuEPO in the combination treatment had concentration-dependently caused
decrease in the caspase activities. rHuEPO-tamoxifen combination markedly increased MCF-7 cells enter-
ing the SubG0/G1 phase of the cell cycle by more than 500% of the control, while decreasing those enter-
ing the G2 + M and S phases by 50%. After 72 h, the combination treatment produced greater (p < 0.05)
change in the SubG0/G1 phase than tamoxifen treatment alone. Morphologically, spheroid MCF-7 cells
subjected to combination rHuEPO-tamoxifen treatment showed nuclear condensation and margination,
cytoplasmic blebbing, necrosis, and early and late apoptosis. Thus, the study showed that rHuEPO-
tamoxifen combination induced apoptosis in the spheroid MCF-7 cells. The apoptotic effect of the
rHuEPO-tamoxifen combination treatment on the MCF-7 cells was greater than that produced by tamox-
ifen alone. The rHuEPO-tamoxifen treatment enhanced the caspase-independent apoptotic effects of
tamoxifen on the spheroid MCF-7 cells.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction were seeded as drops in each well of the microplate. The micro-
Although several candidate therapeutic compounds from natu-
ral products have been discovered, tamoxifen, well-known for its
chemotherapeutic properties, is still the drug of choice for breast
cancers. Like most cancers, breast cancers are complicated by ane-
mia, the result the bone suppressive effects of chemotherapeutics
and as one of the manifestations of the disease. Erythropoietin is
used in conjunction with chemotherapeutics to alleviate the ane-
mia (Bohlius et al., 2019). However, the use of EPO as adjuvant
drug in cancers is with risks. In cancer therapies, the inclusion of
EPO was suggested to promote angiogenesis and tumor, growth,
invasion, and metastasis (Cao, 2013).

Erythropoietin receptors (EPOR) are abundantly expressed in
breast cancer cells (Larsson et al., 2009). It was shown that high
EPOR expressions in breast tissue cells (Reinbothe et al., 2014)
promote cancer development and may impair the response of
ER+/PR + breast cancers to the therapeutic effect of tamoxifen
(Yang et al., 2012).

Most in vitro investigations on the effect of therapeutics on can-
cers are conducted in 2D cell cultures. The 2D cancer cell culture
models are not representative of in vivo tumors because they are
monolayers. On the other hand, the spheroids from 3D cancer cell
cultures comprise of three concentric zones of heterogenous cell
population; external proliferative, middle quiescent, and internal
necrotic and hypoxic zone of cells; structures that approximate
the in vivo tumors (Pinto et al., 2020). Unlike 2D culture cells, the
3D spheroids showed distinct responses to therapeutics agents,
which are believed to be similar to the responses by the in vivo
tumors (Kuo et al., 2017). However, 3D cancer cell culture models
are only occasionally employed in cancer studies because they are
difficult and time-consuming to use.

Most in vitro studies on the effect of drugs and therapeutic com-
pounds on cancer cells are conducted on 2D rather than 3D cell cul-
tures. The response of spheroids, being 3D, is presumably different
to that of the 2D monolayered cells in culture. It is not known how
EPO modifies the response of breast cancer cell spheroids to
tamoxifen. Thus, this study was undertaken to determine the effect
of rHuEPO on the response of MCF-7 cells spheroids to treatment
with tamoxifen.

2. Methodology

2.1. 2D monolayer culture

T-75 flask was used to culture MCF-7 cells. The cells were
grown in 10 mL of RPMI1640 media containing 10% heat-
inactivated foetal bovine serum (FBS) and 1% of penicillin/strepto-
mycin. MCF-7 cells were maintained in a 5% CO2 incubator under
37 �C and 95% humidity with medium change every 2 days. After
reaching 85% confluency, cold phosphate-buffered saline was used
to wash the cells and prepare them to be detached with 5 mL of
TrypLETM Express Enzyme. Then TrypLETM was neutralized with
ice-cold culture medium containing 10% FBS. The cells were pel-
leted by centrifugation at 200 � g for 5 min, re-suspended,
counted, and subjected to MTT assay for IC50 determination or pro-
ceeded to spheroid formation.

2.2. Spheroid formation

A modified hanging drop technique (HDT) was used for the
development of spheroids (Timmins and Nielsen, 2007; Foty,
2011) . A 96-well microplate with conical-shaped bottom (Nunc� -
MicroWellTM 96 well polystyrene plates, USA, cat. number: P4241,)
was used. 30 mL of 1.6 � 104 MCF-7 cells/mL in RPMI1640 medium
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plate was gently inverted and incubated in 5% CO2 incubator at
37 �C and under 95% humidity. To minimize evaporation, four
microwell mini-trays were placed inside a plastic container
together with a small dish filled with water placed between the
plates in the incubator. The plates were regularly examined for
spheroids formation. The spheroids were photographed and their
sizes determined by calculating the geometrical mean diameter
(Kunz-Schughart and Mueller-Klieser, 2000). The homogeneity of
spheroids was determined by coefficient of variance (CV) calcula-
tion, the CV < 10% is indicating to spheroid homogeneity.

2.3. Determination of IC50 of tamoxifen in MCF-7 cells

This experiment first determined the half maximal inhibitory
concentration (IC50) of tamoxifen on the MCF-7 cells to be used
in the study. Untreated cells served as the negative control. The
MTT assay was performed as described elsewhere (Mosmann,
1983). 200 mL 4 � 104 MCF-7 cells/mL in RPMI1640 medium were
seeded into each well of the 96-well microplate. The cells were
treated with tamoxifen at concentrations of either 0, 0.35, 0.71,
1.41, 2.83, 5.65, 11.30, or 22.60 mg/mL for, 24, 48, or 72 h. After
treatment, the medium was discarded and cells washed gently
with PBS. 20 mL of MTT dye, added to each well, and the plate incu-
bated in the dark for 4 h. After discarding the medium, 100 mL
DMSO was added to each well to dissolve the formazan crystals.
The plate was incubated for 30 min and read in the ELISA reader
(ELx800 Absorbance Microplate Reader, BioTek, US) at 570 nm.
The cell viability was calculated using the following formula:

Cell viability ð% of ControlÞ ¼ OD of treated cells
OD of control cells

Where the OD is the optical density. The IC50 of tamoxifen on the
MCF-7 cells was calculated by forecast function in Microsoft Excel.

2.4. EPO and tamoxifen treatments

MCF-7 spheroids were treated with either 10 mg/mL (approxi-
mated IC50 concentration) tamoxifen alone or with 10 mg/mL
tamoxifen in combination with 10, 100 or 200 IU/mL rHuEPO in
medium for 12, 24, or 72 h. All cells were in medium supplemented
with 2% FBS during treatment. The spheroids were incubated for
5 min with PBS to eliminate traces of drugs and FBS. To obtain
the single cell, the spheroids were then detached with TrypLETM

Express Enzyme (Fisher Scientific, Cat. number: 12604013) with
pipetting. MCF-7 single cell suspensions were then subjected to
the subsequent annexin C-FITC, caspase, cell cycle, and acridine
orange (AO)/propidium iodide (PI) assays.

2.5. Annexin V-FITC assay

Single cell harvested from treated MCF-7 spheroids were sub-
jected to annexin V-FITC assay (Sigma Aldrich, USA). Briefly, the
cells in 5-mL tubes were washed with cold PBS and centrifuged
at 200 � g (Eppendorf AG, Hamburg, Germany) for 10 min to
obtain cell pellets. The cell pellets were then washed twice with
1 mL cold PBS and again centrifuged at 200 � g, the supernatant
removed, and the cell pellet re-suspended in cold 1X binding buf-
fer. 500 lL of 1 � 106 cell/mL of cell suspension was transferred to
a fresh 5 mL tube and 5 lL of annexin V-FITC conjugate and 10 lL
of propidium iodide (PI) added. The tubes were gently vortexed
and incubated in dark at room temperature for 15 min before sub-
jecting to flow cytometry (BD, USA) using Argon laser (Cyan ADP,
DAKO, Glostrup, Denmark). The data were analyzed using the Sum-
mit V4.3 software. Untreated cells served as the control.



Fig. 1. Spheroids (arrow) generated by modified HDT. Round and uniform
spheroids with average of geometric mean diameter of 374.01 ± 35.07 lm
(CV < 10%) had been generated within 120 h culture time with magnification
power 10X.
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2.6. Caspase 3, 8 and 9 activity assays

Single-cell suspensions of treated MCF-7 spheroids were sub-
jected to caspase assays as described by manufacturer (Genscript
Corporation Inc, Piscataway, NJ, USA). Untreated cells served as
the control. The extinction values were determined spectrophoto-
metrically in a microplate reader (ELx800 Absorbance Microplate
Reader, US) at 405 nm. Caspase concentrations were expressed as
absorbance percentage of the control.

2.7. Cell cycle analysis

Single-cell suspensions of treated MCF-7 spheroids were sub-
jected to cell cycle analysis according to the method describe by
Pozarowski and Darzynkiewicz (2004). The cells were washed with
PBS containing 0.1% sodium azide and fixed with 500 mL 80% cold
ethanol, dropwise with vortexing to prevent aggregation. The cells
were again washed with PBS, incubated with 0.1 mg/mL RNAse
enzyme at 37℃ for 1 h, and then with 10 mg/mL PI at room temper-
ature in the dark for 1 h. The DNA content of cells were determine
in the FACS Calibur flow cytometer by laser emitting excitation
light at 488 nm (Becton Dickinson, USA) and the graph of gating
were generated to determine the percentage of cells in the differ-
ent cell cycle phases using the CellQuest software (Becton Dickin-
son, USA). Untreated cells served as the control.

2.8. Acridine orange and propidium iodide double staining

Treated single-cell MCF-7 suspensions of MCF-7 spheroids were
subjected to AO/PI double staining assay (Bank, 1988). Briefly, the
cells were washed with cold PBS and pelleted by centrifugation at
200 � g (Eppendorf AG, Hamburg, Germany) for 5 min and resus-
pended to obtain a suspension of 1� 106 cell/mL. Then, 10 mL of the
cell suspension were mixed with fresh 10 mL AO/PI stain solution
(50 mg/mL) and immediately examined under fluorescence confo-
cal microscopy (FV1000 viewer Olympus, Japan). Untreated cells
served as the control. Viable cells were determined from a total
of 100 cells and the results expressed as % of untreated control.
Nonviable cells showed features of death or undergoing death,
which included chromatin condensation and margination, mem-
brane blebbing, apoptotic bodies, early apoptosis, and secondary
necrosis.

2.9. Statistical analysis

The experiments were repeated 3 times. Values were expressed
as percentage of the controls. Two-way ANOVA test for two factors
was used to determine significance difference among study groups
for dose and time of exposure. p < 0.05 was considered signifi-
cance. SPSS software program was used to perform the statistical
procedures.

3. Results

3.1. Spheroids

By the modified HDT, the spheroids generated after 120 h of
cultivation were round and uniform in shape. The average geomet-
ric mean diameters of the spheroids were 374.01 ± 35.07 mm
(CV < 10%) and the mean volume was 2.6 ± 0.5 � 10-2 mm3 (Fig. 1).

3.2. IC50 of tamoxifen on MCF-7 cell

The IC50 of tamoxifen on the MCF-7 cells decreased in dose- and
time-dependent manner (Table 1). The greatest decrease in
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viability of the MCF-7 cells was after treatment with 22.6 mg/mL
tamoxifen. The IC50 of tamoxifen on MCF-7 cells after 72 h was
approximated as 10 mg/mL and used as the tamoxifen concentra-
tion in the treatment of the MCF-7 cells.

3.3. Annexin V-FITC assay

At 12 h, treatments with rHuEPO and tamoxifen significantly
(p greater than 0.05) increased number of cells entering the early
apoptotic phase (Fig. 2a). By 24 h of treatment, significantly
(p < 0.05) higher numbers of MCF-7 cells entered the late phase
of apoptosis and this is primarily attributed to the anti-
proliferative effect of tamoxifen. rHuEPO potentiated the anti-
MCF-7 cell effect of tamoxifen and the effect was dose-
dependent especially after 24 h of treatment, peaking with
100 IU/mL rHuEPO. rHuEPO decreased the rate of necrosis while
increasing rate of apoptosis of MCF-7 cells treated with tamoxifen
(Fig. 2b).

3.4. Caspase-3, �8, and �9 activities

Tamoxifen alone treatment significantly (p < 0.05) increased
caspases activities in MCF-7 cells from 3D cultures by 200 to
approximately 550% of the control. The increases in caspase-3
and �9 activities as the result of tamoxifen treatment alone was
between 2- to 3-fold higher than the increase in caspase-8. When
rHuEPO was included in the treatment, the activity of these cas-
pases began to decrease significantly in comparison to the tamox-
ifen treatment alone (p < 0.05), which was proportional to the
increase in rHuEPO concentrations. The results suggest that
rHuEPO nullified the caspase-activation effect of tamoxifen
(Fig. 3) in a concentration-dependent manner.

3.5. Cell cycle analysis

Tamoxifen markedly increased MCF-7 cells entering the SubG0/
G1 phase of the cell cycle by more than 500% of the untreated con-
trol, while decreasing those entering the G2 + M and S phases by
50%. Treatment of spheroid MCF-7 cells with the rHuEPO-
tamoxifen combination for 72 h resulted in significant (p < 0.05)
greater number of cells entering the SubG0/G1 phase of the cell
cycle than treatment with tamoxifen alone. However, the other



Table 1
Half-maximal inhibitory concentrations (IC50) of tamoxifen on MCF-7 cells determined by MTT assay.

Treatment Period (hour) Tamoxifen (mg/mL) IC50

0.35 0.71 1.41 2.83 5.65 11.30 22.60

Cell viability (%)

24 95.48 93.67 91.18 91.40 85.75 73.08 12.90 15.63
48 99.77 96.18 101.04 93.87 83.93 37.11 6.13 9.74
72 98.13 94.85 94.85 84.87 80.11 24.73 4.68 8.72

Fig. 2a. Effect of tamoxifen and rHuEPO treatments on the viability of MCF-7 cells from 3D culture after 12 h, determined by annexin-V assay. Combination rHuEPO-
tamoxifen treatment significantly caused increased number of MCF-7 cells in early apoptosis and late apoptosis at high rHuEPO concentration. The effect on MCF-7 cells was
dependent on rHuEPO concentration. (B) Tamoxifen and rHuEPO-tamoxifen combination treatments for 12 h. (Ⅰ) Untreated cells (negative control) and cells treated with (Ⅱ)
10 lg/mL tamoxifen alone and with combination of 10 lg/mL tamoxifen and (III) 10, (IV) 100 or (V) 200 IU/mL rHuEPO. rHuEPO potentiated the cytotoxic effect of tamoxifen.
TAM = 10 lg/mL tamoxifen. *For each cell phase, means significantly different from TAM means at p < 0.05. Values are expressed as % of control. Error bars represent RSE.

Fig. 2b. Effect of tamoxifen and rHuEPO treatments on the viability of MCF-7 cells from 3D culture after 24 h, determined by annexin-V assay. Combination rHuEPO-
tamoxifen treatment significantly caused more MCF-7 cells to enter late apoptosis than tamoxifen treatment alone. rHuEPO potentiated the cytotoxic effect of tamoxifen on
MCF-7 cells, which was greater at 24 than 12 h of treatment. (D) Tamoxifen and rHuEPO-tamoxifen combination treatments on viability of MCF-7 after 24 h. (Ⅰ) Untreated
cells (negative control) and cell treated with (Ⅱ) 10 lg/mL tamoxifen and combination treatment with 10 lg/mL tamoxifen and (III) 10, (IV) 100 or (V) 200 IU/mL rHuEPO. The
cells were stained with propidium iodide and annexin V were analysed via flow cytometry. *For each cell phase, means significantly different from TAM means at p < 0.05.
Values are expressed as % of control. Error bars represent RSE.
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Fig. 3. Effect of tamoxifen and rHuEPO-tamoxifen combination treatments on the MCF-7 cell caspase activities after 72 h. MCF-7 cells treated with combination rHuEPO-
tamoxifen showed lower caspase activities than those treated with tamoxifen treatment alone. The effect on rHuEPO treatment on MCF-7 cells was concentration-dependent.
TAM = 10 lg/mL tamoxifen. Values are expressed as % of control. *In the combination treatments, for each caspase, means significantly different from means of tamoxifen
treatment alone at p < 0.05. Error bars represents RSE.

Fig. 4. Effect of tamoxifen and rHuEPO-tamoxifen combination treatments on MCF- 7 cell cycle after 72 h. Combination rHuEPO-tamoxifen treatment caused greater number
of MCF-7 cell number in the subG0/G1 phase than tamoxifen treatment alone. The effect on MCF-7 cells was dependent on rHuEPO concentration. rHuEPO potentiated the
cytotoxic effect of tamoxifen. TAM = 10 lg/mL tamoxifen. Values are expressed as % of control. *Means of the combination treatment significantly different frommean of TAM
treatment alone at p < 0.05. Error bars represents RSE.

H.Y. Shujaa Edin, N.A. AL-Haj, A. Rasedee et al. Saudi Journal of Biological Sciences 28 (2021) 5214–5220
phases of the MCF-7 cell cycle were not affected by the presence of
rHuEPO in the treatment regimen (Fig. 4).
3.6. Acridine orange and propidium iodide double staining

The AO/PI assay was used to determine effect of treatments on
the viability of MCF-7 cells based on morphological changes.
Untreated MCF-7 cells showed just a few necrotic cells, presumed
to originate from core of the spheroids. Upon treatment with
tamoxifen and rHuEPO, the number of viable cells decreased signif-
icantly (p < 0.05). The number of viable cells were significantly
(p < 0.05) lower after treatment with combination rHuEPO-
tamoxifen than with tamoxifen alone (Fig. 5). The effect became
more significant (p < 0.05) with increase in rHuEPO concentration
and time of exposure. Cells subjected to combination rHuEPO-
tamoxifen treatment showed, nuclear condensation and margina-
tion, cytoplasmic blebbing, necrosis, and early and late apoptosis.
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4. Discussion

Tamoxifen is one of the drugs of choice for the treatment of
breast cancers. However, patients often develop resistance to the
drug (Ali et al., 2016). In spite of the debatable potential adverse
effects, EPO is still being used with tamoxifen in the treatment of
breast cancers. The inclusion of EPO in cancer treatment regimens
is to alleviate anemia that is often develops in cancer patients. Con-
trary to previous reports that suggested EPO promote cancer cell
survival and growth (Cao, 2013) and inhibits chemotherapy-
induced cell death (Pham et al., 2019), we showed that rHuEPO,
under appropriate treatment conditions, is not only safe for use
in cancer patients but also potentiates the effect of anticancer
drugs (Radwan et al., 2016; Beh et al., 2017)

Tamoxifen was shown to induce apoptosis of MCF-7 (ER+) and
MDA-MB231 (ER-) breast cancer cells (Salami and Karami-
Tehrani, 2003; Liu et al., 2014) and to inhibit proliferation, migra-
tion, and invasion of breast tumors (Li et al., 2017). In our study, all



Fig. 5. Effect of tamoxifen and combination of rHuEPO-tamoxifen treatments on MCF-7 cells from 3D culture, stained with acridine orange/propidium iodide after 72 h. (A)
Untreated control cells, (B) a representative image of MCF-7 cells treated with tamoxifen and combination of rHuEPO-tamoxifen. There was no difference in cell death
morphology among cells subjected to different treatments. TAM = 10 lg/mL tamoxifen. N = necrotic cell, V = Viable cell, CC = chromatin condensation, MB = membrane
blebbing, SN = secondary necrosis, AP = apoptotic body, LA = late apoptosis. Magnification: 40 � .(C) The effects of treatments were also time-dependent, with viable cells
significantly (p < 0.05) decreasing number as the treatment period increased from 24 to 72 h. Cells under combination treatment showed, nuclear condensation and
margination, cytoplasmic blebbing, necrosis, early and late apoptosis. Values are expressed as % of control. *Means of the combination treatment significantly different from
mean of TAM treatment alone at p < 0.05. Error bars represents RSE.
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assays also showed that tamoxifen caused death of MCF-7 cells,
primarily through apoptosis, and the effect increased with time
of exposure. The study also showed that combination rHuEPO-
tamoxifen treatment had similarly caused apoptosis of MCF-7 cells,
and the effect was dependent on rHuEPO concentration and time of
exposure.

Caspase activities in cancer cells is one of the indicators of apop-
tosis (Elmore, 2007). Caspase activities are among the most often
used parameters in the determination of the anti-proliferative
effects of anticancer drugs and compounds. Tamoxifen treatment
increased the activities of caspase-3 and �9 in the MCF-7 cells
by 5- to 6-fold and caspase-8 by 2-fold. These findings suggest that
the apoptotic effect of tamoxifen is mainly through the intrinsic or
mitochondrial pathway. However, with the inclusion of rHuEPO in
the tamoxifen treatment, the activities of these caspases decreased
dramatically, particularly at high treatment concentrations of 100
and 200 IU/mL rHuEPO. What is most intriguing in this study is
that, in spite of lack of involvement of the caspases, the combina-
tion rHuEPO-tamoxifen treatment still caused the MCF-7 cells to
undergo apoptosis. This was evident by the development of the
typical morphological features of apoptosis in the treated MCF-7
cells. Thus, the evidences point to the combination treatments
causing apoptosis via a mechanism other than the caspase path-
way. Since the activity of caspase-3 and-9 are promoted by the
release of the caspase-activating cytochrome c from mitochondrial
membrane depolarization, it is postulated that rHuEPO stabilized
the mitochondrial membrane rHuEPO (Nguyen et al., 2018), pre-
venting the release of cytochrome c and up-regulation of caspases
and activation of the caspase-dependent apoptotic pathway by
tamoxifen. One of our earlier studies showed that 3D MCF-7 spher-
oids treatment with EPO alone reduced cell viability without cas-
pases activation. In fact, the decrease in caspases activities was
EPO-concentration dependent (Shujaa Edin et al., 2021).

Morphological manifestation of apoptosis is not totally depen-
dent on the caspase activities. There are other mediators, including
the cathepsins and other proteases that could execute apoptosis.
Apoptosis may not only be directed by the mitochondrial orga-
nelles, but also by the lysosomes and the endoplasmic reticulum
that either act independently or synergistically (Bröker et al.,
2005). In one of the caspase-independent pathways, the initiation
of apoptosis relies on release of the apoptosis-inducing factors that
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translocate to the nucleus and promoting chromatin condensation
and DNA fragmentation (Koff et al., 2015).

The EPOR are not only located on plasma membranes, but also
within the cell, surrounding the nucleus of cancer cells (Beh et al.,
2017; Miao et al., 2017). Thus, rHuEPO may cause cellular changes
both via its interactions with the cell surface and intracellular
EPORs. If rHuEPO interacts with intracellular EPOR, it would evi-
dently bypass the mitochondrial-mediated and caspase-
dependent apoptosis; pathways that are reliant on surface
receptor-ligand interactions. Among the mechanisms of the anti-
breast cancer effect of tamoxifen is the induction of apoptosis via
the mitochondrial-caspase pathway (Mandlekar and Kong, 2001).
The inclusion of rHuEPO had inhibited the caspase activities while
potentiating the caspase-independent apoptotic effect of tamox-
ifen on the spheroid MCF-7 cells. It appears that rHuEPO potenti-
ated the tamoxifen-induced cancer cell apoptosis via a
cytoplasmic pathway rather than the surface receptor-ligand
interactions.

One the most significant effects of tamoxifen was to cause
increase in number of spheroid MCF-7 cells entering the
SubG0/G1 phase of the cell cycle. Cells in the SubG0/G1 phase
are those that had undergone DNA fragmentation and apoptosis.
Apparently, the inclusion of rHuEPO in the treatment regimen only
marginally potentiated the effect of tamoxifen on the cell cycle
phase. The effect of the rHuEPO-tamoxifen combination on the
spheroid MCF-7 cells was similar to that on the murine mammary
gland, LA7, cells. This was shown in our previous study, where the
nanostructured lipid carriers double-loaded with rHuEPO and
tamoxifen induced apoptosis and G0/G1 arrest of the LA7 cells
Beh et al., 2017.

In conclusion, it is conceivable that the rHuEPO-tamoxifen com-
bination is a relevant treatment regimen for breast cancers. This
treatment regimen, by the synergistic actions between tamoxifen
and rHuEPO, is postulated to cause MCF-7 cell death via a
caspase-independent pathway. The findings from this study also
dispel the notion that using EPO in the treatment of cancers like
breast cancers is detrimental. In fact, the inclusion of rHuEPO can
potentiate the anti-breast cancer effects of tamoxifen. To the best
our knowledge, this is a first report that showed EPO synergizes
with tamoxifen to reduce viability and cause death of MCF-7 cells
from 3D cultures.



H.Y. Shujaa Edin, N.A. AL-Haj, A. Rasedee et al. Saudi Journal of Biological Sciences 28 (2021) 5214–5220
5. Funding source

The study was funded by the IRPA fund (03–02-04–0563-S
R0008/05–04), Ministry of Science, Technology, and Innovations,
Malaysia.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

References

Ali, S., Rasool, M., Chaoudhry, H., N Pushparaj, P., Jha, P., Hafiz, A., Mahfooz, M.,
Abdus Sami, G., Azhar Kamal, M., Bashir, S., Ali, A., Sarwar Jamal, M., 2016.
Molecular mechanisms and mode of tamoxifen resistance in breast cancer.
Bioinformation 12, 135–139. DOI: 10.6026/97320630012135

Bank, H.L., 1988. Rapid assessment of islet viability with acridine orange and
propidium iodide. Vitro Cell. Dev. Biol. 24, 266–273. https://doi.org/10.1007/
BF02628826.

Beh, C.Y., How, C.W., Foo, J.B., Foong, J.N., Selvarajah, G.T., Rasedee, A., 2017.
Development of erythropoietin receptor-targeted drug delivery system against
breast cancer using tamoxifen-loaded nanostructured lipid carriers. Drug Des.
Devel. Ther. 11, 771–782. https://doi.org/10.2147/DDDT.S123939.

Bohlius, J., Bohlke, K., Castelli, R., Djulbegovic, B., Lustberg, M.B., Martino, M.,
Mountzios, G., Peswani, N., Porter, L., Tanaka, T.N., Trifirò, G., Yang, H., Lazo-
Langner, A., 2019. Management of cancer-associated anemia with
erythropoiesis-stimulating agents: ASCO/ASH clinical practice guideline
update. Blood Adv. 3 (8), 1197–1210. https://doi.org/10.1182/
bloodadvances.2018030387. PMID: 30971397; PMCID: PMC6482353.

Bröker, L.E., Kruyt, F.A.E., Giaccone, G., 2005. Cell Death Independent of Caspases: A
Review. Clin. Cancer Res. 11, 3155–3162. https://doi.org/10.1158/1078-0432.
CCR-04-2223.

Cao, Y., 2013. Multifarious functions of PDGFs and PDGFRs in tumor growth and
metastasis. Trends Mol. Med. 19, 460–473. https://doi.org/10.1016/
j.molmed.2013.05.002.

Elmore, S., 2007. Apoptosis: a review of programmed cell death. Toxicol. Pathol. 35,
495–516. https://doi.org/10.1080/01926230701320337.

Foty, R., 2011. A Simple Hanging Drop Cell Culture Protocol for Generation of 3D
Spheroids. J. Vis. Exp. JoVE. https://doi.org/10.3791/2720.

Koff, J.L., Ramachandiran, S., Bernal-Mizrachi, L., 2015. A Time to Kill: Targeting
Apoptosis in Cancer. Int. J. Mol. Sci. 16, 2942–2955. https://doi.org/10.3390/
ijms16022942.

Kunz-Schughart, L., Mueller-Klieser, W., 2000. Three-dimensional culture. In:
Masters, J.R.W. (Ed.), Animal Cell Culture: A Practical Approach. Oxford
University Press, New York, pp. 123–184.

Kuo, C.-T., Wang, J.-Y., Lin, Y.-F., Wo, A.M., Chen, B.P.C., Lee, H., 2017. Three-
dimensional spheroid culture targeting versatile tissue bioassays using a PDMS-
based hanging drop array. Sci. Rep. 7, 4363. https://doi.org/10.1038/s41598-
017-04718-1.

Larsson, A.-M., Jirström, K., Fredlund, E., Nilsson, S., Rydén, L., Landberg, G., Påhlman,
S., 2009. Erythropoietin receptor expression and correlation to tamoxifen
5220
response and prognosis in breast cancer. Clin. Cancer Res. Off. J. Am. Assoc.
Cancer Res. 15, 5552–5559. https://doi.org/10.1158/1078-0432.CCR-08-3014.

Li, W., Shi, X., Xu, Y., Wan, J., Wei, S., Zhu, R., 2017. Tamoxifen promotes apoptosis
and inhibits invasion in estrogen-positive breast cancer MCF-7 cells. Mol. Med.
Rep. 16, 478–484. https://doi.org/10.3892/mmr.2017.6603.

Liu, B., Tahk, S., Yee, K.M., Yang, R., Yang, Y., Mackie, R., Hsu, C., Chernishof, V.,
O’Brien, N., Jin, Y., Fan, G., Lane, T.F., Rao, J., Slamon, D., Shuai, K., 2014. PIAS1
Regulates Breast Tumorigenesis through Selective Epigenetic Gene Silencing.
PLoS ONE 9. https://doi.org/10.1371/journal.pone.0089464.

Mandlekar, S., Kong, A.-N.T., 2001. Mechanisms of tamoxifen-induced. Apoptosis 6,
469–477. https://doi.org/10.1023/A:1012437607881.

Miao, S., Wang, S.-M., Cheng, X., Li, Y.-F., Zhang, Q.-S., Li, G., He, S.-Q., Chen, X.-P.,
Wu, P., 2017. Erythropoietin promoted the proliferation of hepatocellular
carcinoma through hypoxia induced translocation of its specific receptor.
Cancer Cell Int. 17. https://doi.org/10.1186/s12935-017-0494-7.

Mosmann, T., 1983. Rapid colorimetric assay for cellular growth and survival:
Application to proliferation and cytotoxicity assays. J. Immunol. Methods 65,
55–63. https://doi.org/10.1016/0022-1759(83)90303-4.

Nguyen, L.M., Singh, A.P., Wiczling, P., Krzyzanski, W., 2018. Dynamics of
Erythropoietic Biomarkers in Response to Treatment With Erythropoietin in
Belgrade Rats. Front. Pharmacol. 9. https://doi.org/10.3389/fphar.2018.00316.

Pham, T.-N.D., Ma, W., Miller, D., Kazakova, L., Benchimol, S., 2019. Erythropoietin
inhibits chemotherapy-induced cell death and promotes a senescence-like state
in leukemia cells. Cell Death Dis. 10, 1–15. https://doi.org/10.1038/s41419-018-
1274-6.

Pinto, B., Henriques, A.C., Silva, P.M.A., Bousbaa, H., 2020. Three-Dimensional
Spheroids as In Vitro Preclinical Models for Cancer Research. Pharmaceutics 12.
https://doi.org/10.3390/pharmaceutics12121186.

Pozarowski, P., Darzynkiewicz, Z., 2004. Analysis of Cell Cycle by Flow Cytometry.
In: Schönthal, A.H. (Ed.), Checkpoint Controls and Cancer: Volume 2: Activation
and Regulation Protocols, Methods in Molecular Biology. Humana Press,
Totowa, NJ, pp. 301–311. https://doi.org/10.1385/1-59259-811-0:301.

Radwan, E.M., Abdullah, R., Al-Qubaisi, M.S., El Zowalaty, M.E., Naadja, S.-E.,
Alitheen, N.B., Omar, A.-R., 2016. Effect of recombinant human erythropoietin
and doxorubicin in combination on the proliferation of MCF-7 and MDA-MB231
breast cancer cells. Mol. Med. Rep. 13, 3945–3952. https://doi.org/10.3892/
mmr.2016.4989.

Reinbothe, S., Larsson, A.-M., Vaapil, M., Wigerup, C., Sun, J., Jögi, A., Neumann, D.,
Rönnstrand, L., Påhlman, S., 2014. EPO-independent functional EPO receptor in
breast cancer enhances estrogen receptor activity and promotes cell
proliferation. Biochem. Biophys. Res. Commun. 445, 163–169. https://doi.org/
10.1016/j.bbrc.2014.01.165.

Salami, S., Karami-Tehrani, F., 2003. A mechanistic study of tamoxifen induced
apoptosis in the MCF-7 and MDA-MB468 breast cancer cell lines. The Breast 12,
S30. https://doi.org/10.1016/S0960-9776(03)80091-7.

Shujaa Edin, H.Y., AL-Haj, N.A., Rasedee, A., Alitheen, N.B., Kadir, A.A., How, C.W.,
Rahman, H.S., Abdullah, A.-S.H., 2021. Recombinant Human erythropoietin
reduces viability of MCF-7 breast cancer cells from 3D culture without caspase
activation. Saudi J. Biol. Sci. 28, 2549–2557. https://doi.org/10.1016/j.sjbs.
2021.01.059.

Timmins, N.E., Nielsen, L.K., 2007. Generation of multicellular tumor spheroids by
the hanging-drop method. Methods in Molecular Medicine., 141–151

Yang, L.-H., Tseng, H.-S., Lin, C., Chen, L.-S., Chen, S.-T., Kuo, S.-J., Chen, D.-R., 2012.
Survival Benefit of Tamoxifen in Estrogen Receptor-Negative and Progesterone
Receptor-Positive Low Grade Breast Cancer Patients. J. Breast Cancer 15, 288–
295. https://doi.org/10.4048/jbc.2012.15.3.288.

https://doi.org/10.1007/BF02628826
https://doi.org/10.1007/BF02628826
https://doi.org/10.2147/DDDT.S123939
https://doi.org/10.1182/bloodadvances.2018030387.PMID:30971397;PMCID:PMC6482353
https://doi.org/10.1182/bloodadvances.2018030387.PMID:30971397;PMCID:PMC6482353
https://doi.org/10.1158/1078-0432.CCR-04-2223
https://doi.org/10.1158/1078-0432.CCR-04-2223
https://doi.org/10.1016/j.molmed.2013.05.002
https://doi.org/10.1016/j.molmed.2013.05.002
https://doi.org/10.1080/01926230701320337
https://doi.org/10.3791/2720
https://doi.org/10.3390/ijms16022942
https://doi.org/10.3390/ijms16022942
http://refhub.elsevier.com/S1319-562X(21)00411-3/h0050
http://refhub.elsevier.com/S1319-562X(21)00411-3/h0050
http://refhub.elsevier.com/S1319-562X(21)00411-3/h0050
https://doi.org/10.1038/s41598-017-04718-1
https://doi.org/10.1038/s41598-017-04718-1
https://doi.org/10.1158/1078-0432.CCR-08-3014
https://doi.org/10.3892/mmr.2017.6603
https://doi.org/10.1371/journal.pone.0089464
https://doi.org/10.1023/A:1012437607881
https://doi.org/10.1186/s12935-017-0494-7
https://doi.org/10.1016/0022-1759(83)90303-4
https://doi.org/10.3389/fphar.2018.00316
https://doi.org/10.1038/s41419-018-1274-6
https://doi.org/10.1038/s41419-018-1274-6
https://doi.org/10.3390/pharmaceutics12121186
https://doi.org/10.1385/1-59259-811-0:301
https://doi.org/10.3892/mmr.2016.4989
https://doi.org/10.3892/mmr.2016.4989
https://doi.org/10.1016/j.bbrc.2014.01.165
https://doi.org/10.1016/j.bbrc.2014.01.165
https://doi.org/10.1016/S0960-9776(03)80091-7
https://doi.org/10.1016/j.sjbs.2021.01.059
https://doi.org/10.1016/j.sjbs.2021.01.059
http://refhub.elsevier.com/S1319-562X(21)00411-3/h0130
http://refhub.elsevier.com/S1319-562X(21)00411-3/h0130
https://doi.org/10.4048/jbc.2012.15.3.288

	Recombinant human Erythropoietin enhanced the cytotoxic effects of tamoxifen toward the spheroid MCF-7 breast cancer cells
	1 Introduction
	2 Methodology
	2.1 2D monolayer culture
	2.2 Spheroid formation
	2.3 Determination of IC50 of tamoxifen in MCF-7 cells
	2.4 EPO and tamoxifen treatments
	2.5 Annexin V-FITC assay
	2.6 Caspase 3, 8 and 9 activity assays
	2.7 Cell cycle analysis
	2.8 Acridine orange and propidium iodide double staining
	2.9 Statistical analysis

	3 Results
	3.1 Spheroids
	3.2 IC50 of tamoxifen on MCF-7 cell
	3.3 Annexin V-FITC assay
	3.4 Caspase-3, −8, and −9 activities
	3.5 Cell cycle analysis
	3.6 Acridine orange and propidium iodide double staining

	4 Discussion
	5 Funding source
	Declaration of Competing Interest
	References


