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Abstract

Background: 5-fluorouracil (5-FU) is an antimetabolic agent used for treating slowly growing solid tumors like
breast and ovarian carcinoma. Thymoquinone (TQ) is the main biologically active constituent of Nigella sativa, it
has been found to demonstrate anticancerous effects in several preclinical studies, and this is because TQ possesses
multitarget nature. Stem cells-derived exosomes are in the spotlight of research and are promising tissue regenerative
and anticancer cell-derived nanovesicles.

Aim: Herein, we studied the antineoplastic effects of Exosomes derived from mammary stem cells (MaSCs-Exo) on
breast cancer cells, alone or combined with TQ when compared to a breast cancer chemotherapeutic agent; 5-FU.
Methods: Our approach included performing viability test and measuring the expression of pro-apoptotic gene (Bax),
anti-apoptotic gene (BCL-2) and angiogenic gene (VEGF) on Human MCF-7 cells (breast adenocarcinoma cells), the
MCEF-7 cells were cultured and incubated with medium containing 5-FU (25 pg/ml), TQ (200 pg/ml), MaSCs-Exo
(100 pg protein equivalent), a combination of TQ (200 pg/ml) and MaSCs-Exo (100 pg).

Results: Our obtained results show that TQ and MaSCs-Exo each can effectively inhibit breast cancer cell line (MCF-
7) proliferation and growth. Also, the results show that the combination of TQ and MaSCs-Exo had higher cytotoxic
effects on MCF-7 breast cancer cells than TQ or 5-FU, alone.

Conclusion: The present study shows a promising anticancer potential of exosomes isolated from mammary stem
cells; this effect was potentiated by adding TQ with MaSCs-derived exosomes.

Keywords: Mammary stem cells, 5-fluorouracil, Apoptosis, Breast cancer, Anti-tumor.

Introduction approaches are recognized standard protocol of therapy
for breast cancer patients. The antimetabolic agents

are used in practice, and 5-fluorouracil (5-FU) is the

Breast cancer existed in ancient age and reference
to this disease can be detected dating back to around

1,500 years BC, in an Egyptian papyrus (Ebeid, 1999;
Akram and Siddiqui, 2012). It relates to cancer arising
within mammary tissue, frequently from the milk-ducts
lining or milk-lobules lining. It is the highest diagnosed
in females and the second leading cause of worldwide
cancer-related mortalities in females (Siegel et al., 2018).
Is also, the 5th most common cause of all cancer-related
mortalities and forms one-third of all malignancies
in females (Siegel ef al., 2018). One from each eight
females is predisposed to be diagnosed with breast cancer
during her life (Harris et al., 1992). Chemotherapeutic

most commonly used chemotherapy agents in clinically
treating breast cancer cases. There are selected therapy
regimens in which 5-FU is incorporated with other
therapies, however, 5-FU is better used as monotherapy
for cancer patients showing less value of the
combination therapy of 5-FU and different medicines
(Wehler et al., 2013).

Thymoquinone (TQ), was acknowledged as a main
constituent in N. sativa essential oil. It was shown to
interfere with various tumorigenesis processes and was
also found to counter the development of cancer and
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its malignancy, angiogenesis, migration, invasion, and
progression (Mostofa et al., 2017). Furthermore, TQ
was found to increase cancer-cell sensitivity to other
conventional cancer therapy (such as, radiotherapy,
chemotherapy, and immunotherapy) and concurrently
reduce toxic side-effects associated with therapy in
other non-target and normal body cells (Mostofa et al.,
2017). TQ suppresses cancer development in various
animal breast cancer models and was demonstrated
to hinder the development of many in-vitro cultured
cancer cells and in xenografted tumors in-vivo (Kundu
etal., 2014).

Exosomes are small cell-derived vesicles that are 50—
150 nm in diameter on average and are accountable for
transferring various intercellular signals (Abdelfattah-
Hassan and Ibrahim, 2022). These signals include
proteins, nucleic acids, and other cell-derived factors
which are considered essential components of cell-
to-cell communication (Valadi ef al., 2007; Bang and
Thum, 2012; Abdelfattah-Hassan and Ibrahim, 2022).
They were found as mediators to regulate various cell
processes such as migration, proliferation, and even
morphological changes (Gurunathan et al., 2019;
Sung et al., 2021), as essential players in drug delivery
and in regenerative medicine (Lamichhane et al.,
2015, Abdelfattah-Hassan and Ibrahim, 2022), and as
essential diagnostic tools for various diseases (Meng et
al., 2019; Abdelfattah-Hassan and Ibrahim, 2022).

The current work aimed to determine the anticancer
potential of bovine mammary stem cells’ derived
exosomes (MaSCs-Exo) in comparison to known
breast cancer treatment (5-FU) and a natural extract
(TQ), and detecting their effects on the cell viability,
regenerative potential and angiogenesis using a breast
cancer cell-line.

Material and Methods

Isolation of bovine MaSCs and MaSCs-derived
exosomes

The bovine mammary stem cells (Bov-MaSCs)
were isolated and characterized from the udder of
lactating dairy cows, this was performed following our
previously published protocol (Abdelfattah-Hassan et
al., 2016). The establishment of mammary organoids
using isolated Bov-MaSCs via culturing the isolated
cells on ultra-low attachment plates (Corning, USA) as
described previously with slight modifications (Yip and
Papa, 2021).

Cell culture

Human breast cancer cells of the adenocarcinoma type
of cells (MCF-7) were obtained from Vacsera Center
(Cairo, Egypt). The cells were cultured in sterile tissue-
culture flasks using DMEM medium supplemented
with 10%—-12% FCS and 1% antibiotic mix solution
(penicillin, 100 U/ml, and streptomycin, 100 pg/
ml) [this is called complete culture medium, all from
Lonza, USA], the cells were cultured in a tissue culture
incubator with 5% CO, level and temperature of 37°C

under humid atmosphere. The attached cells to the flasks
were detached using trypsin/EDTA (Lonza, USA). TQ
(>98% pure; 164.2 molecular weight, Sigma Aldrich)
was dissolved in DMSO, and a stock preparation
was made at a concentration of 20 mmol/L, this was
later mixed in a complete culture medium. 5-FU was
obtained from EMIC united pharmaceuticals, Egypt.
Inhibition of cell viability using TQ

When the cultured cells reached the desired confluence,
the cells were passaged. After that MCF-7 breast cancer
cells were supplied with ascending concentrations
of TQ for 24 hours [0, served as control, 5, 50, 100,
200, and 300 pg/ml]. After 24 hours, 10 pl of the
MTT  reagent  (3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide, conc. 0.5 mg/ml) was
mixed in each well, and the plate was incubated for
additional 4 hours. Finally, a microplate reader was
used to measure the obtained absorbance at 570 nm and
compared to the control concentration. This step was
essential to detect which TQ conc. to use in the later
steps, which was 200 pg/ml.

Inhibition of cell viability by 5-FU, TQ and MaSCs-Exo
To study the effect of 5-FU, TQ, MaSCs-Exo and
their combinations on Human MCF-7 cells (breast
adenocarcinoma cells), the MCF-7 cells were cultured
and incubated with medium containing 5-FU (25 ng/
ml), TQ (200 pg/ml), MaSCs-Exo (100 pg protein
equivalent), a combination of TQ (200 pg/ml) and
MaSCs-Exo (100 pg). Similar to step 2.2, 10 pl of the
MTT reagent (conc. 0.5 mg/ml) was mixed in each well,
and the plate was incubated for additional 4 hours, and,
a microplate reader was used to measure the obtained
absorbance at 570 nm to compare between the different
treatments.

Real-time quantitative PCR analysis

Quantitative RT-qPCR was applied to measure the
gene expression of pro-apoptotic, anti-apoptotic and
angiogenic genes by using SYBR™ Green PCR Master
Mix (ThermoFisher Scientific) on a StepOne™ Real-
Time PCR System (Applied Biosystems, USA), as we
previously reported (Ibrahim ez al., 2021, Alasmari
et al., 2022, Ibrahim et al., 2023). Total RNA was
extracted using easy-spin™ Total RNA Extraction
Kit (iNtRON Biotechnology Inc., Republic of Korea),
using kit instructions and the purity of isolated RNA
was detected by nanodrop. For reverse transcription a
cDNA kit (First-strand cDNA Synthesis Kit, Merck,
Germany) was used, following manufacturer’s protocol,
to obtain cDNA for the qPCR. After that, the mRNA-
transcript quantities of Bax, Bel-2, Casp-9, and VEGF,
relative to the expression levels of the internal control
gene B-actin (used primers are presented in Table 1),
were assayed using commercial kit SYBR Green qPCR
Master Mix (Maxima SYBR Green qPCR Master Mix
2X, Thermo Scientific). Quantitative PCR reactions
were prepared in a volume of 25 ul following the kit’s
guidelines. Briefly, to each well, 5 ul of template cDNA
(50 pg), 12.5 pl of SYBER green mix, 2 pl of forward


http://www.openveterinaryjournal.com

http://www.openveterinaryjournal.com
A. A. Hassan et al.

Open Veterinary Journal, (2024), Vol. 14(1): 525-533

Table 1. The primers’ sequence of different study genes.

Gene Primer 5'-3" Sequence

F AGATGTCCAGCC-AGCTGCACCTGAC
Bel-2 R AGATAGGCACCC-AGGGTGATGCAAGCT
Bax F AAGCTGAGCGA-GTGTCTCAAGCGC

R TCCCGCCACAA-AGATGGTCACG

F CACTTCCCCTG-AAGACGAGTC
Casp9 R GTGGGCAAA-CTAGATATGGCG
TECTE F ACGATCGAT-ACAGAAACCACG

R CTCTGCGCA-GAGTCTCCTCT
B-actin F CTGTCTGGC-GGCACCACCAT

R GCAACTAAG-TCATAGTCCGC

and reverse primers and 5.5 pl RNAse free water were
mixed. After a brief centrifugation, the PCR plate was
inserted in the qPCR machine and the following run
conditions were followed: (a) initial denaturation at
95°C for 5 minutes; then 40 cycles of the following (bi)
denaturation at 95°C for 15 seconds; (bii) annealing/
extension at 60°C for 1 minute. All controls and samples
were done in triplicates on the StepOne™ Real-Time
qPCR System. The data obtained from qPCR was
analyzed by the relative threshold (Ct) method, and
the fold inductions of samples were compared with
the untreated samples. The internal reference gene
was B-actin, and it was used as normalization for the
expression of studied genes. The results were reported
as a ratio of the reference gene to the target gene
following the Livak and Schmittgen (2001) standard
2-2ACt method.

Statistical analysis

The data obtained for all groups (Group 1: Control,
Group 2: treatment with 5-FU, Group 3: treated with
TQ, Group 4: treated with MaSCs-Exo, and Group 5:
treated with TQ and MaSCs-Exo, the differences among
different groups were analyzed using one way ANOVA.
Following that, a post-hoc test (Duncan multiple range
test) was performed. The statistical analyses were
made using SPSS version 21 (USA). The data shown
represent the Mean + SD (standard deviation).

Ethical approval

Not needed for this study.

Results

Inhibitory effect of TQ and MaSCs-Exo on MCF-7
The MTT assay results showed that TQ and MaSCs-
Exo decreased the viability of MCF-7 cell line. In
addition, they inhibit the propagation of MCF-7 breast
cancer cells in a dose-dependent mode as shown in
Figure 1.

Effect of 5-FU, TQ, MaSCs-Exo and their combinations
on viability of MCF-7

Data for viability in the studied groups is represented in
Figure 2. All groups showed significant differences in

viability % among each other, except groups treated with
5-FU and TQ alone were non-significantly different.
Also, the viability percentage decreased in all treated
groups (2-5) compared to the healthy/control group
(group 1), nonetheless reached its least percentage in
group (5) in which we used a combination of TQ and
MaSCs-Exo.

Bax gene expression

A significant increase in Bax gene expression was
shown in treated groups compared to the healthy/
control group (Fig. 3). Also, there is upregulation
of Bax in groups (2, 3, 4, and 5) treated with 5-FU,
TQ, MaSCs-Exo, and the combined TQ and MaSCs-
Exo approach, respectively, compared with the control
group. It is noticed that upregulation is higher in group
4 than group 3, and reached to the highest in group 5,
treated with the combined TQ and MaSCs-Exo.

Bcl-2 gene expression

Results represented in Figure 4 demonstrated that
Bcl-2 gene expression showed a significant decrease
than the control group in all treated groups. There is
downregulation of Bcl-2 gene in groups (2, 3, 4, and
5) treated with 5-FU, TQ, MaSCs-Exo, and combined
TQ and MaSCs-Exo, respectively, compared to the
control group. It is noticed that downregulation is more
in group 4 than group 3, and it decreased the most in
group 5, treated with combined TQ and MaSCs-Exo.
Caspase-9 gene expression

As shown in Figure 5, Caspase-9 was poorly expressed
in the control group that received no drugs and showed
a significant increase in the control group in all treated
groups. The increase in the expression of Casp9 in
groups (2, 3, 4, and 5) treated with 5-FU, TQ, MaSCs-
Exo, and combined TQ and MaSCs-Exo, respectively,
compared to the control group, although it is noticed
that the increase is higher in group 4 than group 3, and
reached to the highest in group 5, treated with combined
TQ and MaSCs-Exo.

VEGF gene expression

Data represented in Figure 6 show that there is a
significant decrease in the expression level of the VEGF
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Fig. 1. The effect of different concentrations of thymoquinone (red line) and MaSCs-Exo (blue

line) on viability of MCF-7 cell line.
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Fig. 2. Data analysis of the viability percentage
Thymoquinone, MaSCs-Exo and Thymoquinone

in each group after treatment with 5-FU,
+ MaSCs-Exo (groups 2-5, respectively).

Letters on columns denote statistical significance (p < 0.05) using Duncan’s multiple range test.

gene than the control group in all treated groups. There
is a reduction in VEGF gene expression in groups (2,
3, 4, and 5) treated with 5-FU, TQ, MaSCs-Exo, and
combined TQ and MaSCs-Exo, respectively, compared
to the control group. It is noticed that reduction is higher
in group 4 than group 3, and reached the lowest levels
in group 2 and 5, treated with 5-FU and combined TQ
and MaSCs-Exo, respectively.

Discussion

Cancer progression involves advanced multistep
processes where normal body cells regain characters
which allow their transformation into abnormal
cells and the initiate tumors and malignancy. Such
characters are known as “the hallmarks of cancer” and
were first defined by Hanahan and Weinberg in 2000
and then modified in 2011 (Hanahan and Weinberg,
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Fig. 3. Data analysis of expression of Bax gene in different study groups, treatment with 5-FU,
Thymoquinone, MaSCs-Exo and Thymoquinone + MaSCs-Exo (groups 2-5, respectively). Letters
on columns denote statistical significance (p < 0.05) using Duncan’s multiple range test.
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Fig. 4. Data analysis of Bcl-2 gene expression in different treated groups, treatment with 5-FU,
Thymoquinone, MaSCs-Exo and Thymoquinone + MaSCs-Exo (groups 2—5, respectively). Letters
on columns denote statistical significance (p < 0.05) using Duncan’s test.
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Fig. 5. Data analysis of Caspase-9 (CASP-9) gene expression in different treated groups, treatment
with 5-FU, Thymoquinone, MaSCs-Exo and Thymoquinone +MaSCs-Exo (groups 2—5, respectively).
Letters on columns denote statistical significance (p < 0.05) using Duncan’s test.
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Fig. 6. Data analysis of VEGF gene expression in different treated groups, treatment with 5-FU,
Thymoquinone, MaSCs-Exo and Thymoquinone + MaSCs-Exo (groups 2-5, respectively). Letters
on columns denote statistical significance (p < 0.05) using Duncan’s test.

2011). Therapeutic agents which can interfere with one
or more of these cancer hallmarks became regarded as
futuristic anti-cancer therapies. One of these agents
is TQ, which possesses an excellent capacity for
translation into the clinic, believing that it influences

most of the known cancer hallmarks. The discovery
of novel tumor-toxic therapies that have lower side-
effects on the immune system is considered a valuable
aspect of the recent pharmacological studies (Cragg
and Newman, 2005).
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TQ is a major bioactive derivative from N. sativa
seeds and oil. Traditional medicine has shown that
its seeds were used for various therapeutic benefits
such as treating gastrointestinal problems, asthma,
digestive problems, headache, hypertension, skin
affections and to reduce obesity. The therapeutic and
chemo-preventive effects of these “black seeds” were
documented in previous research (Padhye et al., 2008).
It has been shown that TQ has various anti-proliferative
effects regarding different cancer cell lines such as
breast, lungs, ovary, colon, laryngeal, osteosarcoma,
and leukemia. Chemo-sensitization using TQ has been
frequently limited to in-vitro studies, however it shows
promising effects as a clinical therapy approach for
cancer (Banerjee et al., 2010).

5-FU is an antimetabolite that is extensively used
for breast cancer treatment (Fumoleau et al., 2003).
However, it is mostly recommended for treating highly
aggressive types of breast cancer. Still, 5-FU can be
used in the treatment of any stage of breast cancer
especially within combination therapies such as CMF
(Cyclophosphamide, Methotrexate, and 5-FU), CAF
(Cyclophosphamide, Adriamycin, and 5-FU) or CEF
(Cytoxan, Ellence, and 5-FU) (Falkson et al., 1992).
Immense research has been done to increase the efficacy
of the previously mentioned combination strategies for
breast cancer treatment. Moreover, combining 5-FU
with different recently developed anti-cancer therapies
(such as, irinotecan, tomudex, and oxaliplatin)
increase their efficiency of response in treating breast
cancer (Longley ef al., 2003). Drug overdose is still a
worldwide common clinical problem which may occur
accidentally or intentionally. Therefore, a wide variety
of nonspecific therapeutics were industrialized to face
such problem (Weinberg ef al., 1998).

Theprocess of combining TQ with other anticancer drugs
that are clinically used can augment their chemotherapy
effects. Essentially, TQ has been evidenced to show
effective outcomes with advanced anticancer effects
with already existing chemotherapeutics. Whilst 5-FU
is considered the chemotherapeutic gold standard
for different cancers, mainly colorectal cancer and
breast cancer. The activity of TQ was shown to have
some similarity with 5-FU actions on cell killing and
interference with an intercellular metabolic function of
SW-626 human colon cancer. Furthermore, the use of
TQ combined with 5-FU, TQ led to increasing the pro-
apoptotic effects in gastric cancer cells both in vitro and
in vivo (Norwood et al., 2007; Lei et al., 2012).

Our study demonstrated that TQ and MaSCs-Exo
inhibit breast cancer cell line (MCF-7) proliferation
which was determined via using the MTT assay, and
in a dose-dependent manner both inhibited the fast-
growing breast cancer cells and their progression.
Different concentrations of TQ and MaSCs-Exo had
different cytotoxicity effects on MCF-7 cell after 24
hours of treatment. Increasing concentrations of TQ
and Nano-TQ, increased cytotoxicity effect. Also, it

was shown for us from this study that, MaSCs-Exo
had higher cytotoxicity on breast cancer cells than
TQ, when considering the same concentration as TQ
concentration.

One of the classically used and standardized cytostatic
chemotherapy drug is 5-FU which is used for treating
cancer (Scheper et al., 1984). Previous studies
demonstrated that TQ led to inhibiting the growth of
cancer cells and augmented the apoptosis induced by
5-FU in gastric cancer cells both in vitro and in vivo
(Lei et al., 2012). Our choice in this study to compare
between 5-FU and TQ combined with MaSCs-Exo is
due to the fact that combination therapies are much
more relevant in treating breast cancer and other types
of cancer (Wehler et al., 2013). It was also shown that
TQ showed robust antiproliferation effects on breast
cancer cells, the effect was more evident when it was in
combination with doxorubicin, 5-FU led to increasing
its cytotoxic effects as well (Woo et al., 2011).
According to our results, breast cancer cell’s viability
percentage decreased in the treated groups in
comparison to group 1 (control group) but reached
the least percentage in group (5) in which we used a
combination of TQ and MaSCs-Exo. This means that
the combination of TQ and MaSCs-Exo is better than
using 5-FU or TQ alone.

Our study demonstrated that there is upregulation of
Bax and Caspase-9 in groups (2, 3, 4, and 5) treated
with 5-FU, TQ, MaSCs-Exo, a combination of TQ and
MaSCs-Exo, respectively, compared with the control
group. It is noticed that upregulation is higher in group
4 than group 3, and became highest in group 5. This
means that MaSCs-Exo is better than TQ, however,
TQ is used in a dose which is 2 folds of MaSCs-Exo
used dose, while combination of TQ and MaSCs-Exo
is better than using 5-FU or TQ or MaSCs-Exo alone.
According to our study, Caspase-9 and VEGF were
poorly expressed in the control group that received
no drugs and a significant increase than the control
group in all treated groups. Also, there is increase in
the expression of Caspase-9 in groups (2, 3, 4, and 5)
treated with 5-FU, TQ, MaSCs-Exo, a combination
of TQ and MaSCs-Exo, respectively, compared to the
control group, although it is noticed that the increase is
higher in group 4 than group 3, and became the highest
in group 5. This means that MaSCs-Exo combination
with TQ is better than TQ alone, however, TQ is used
in a dose which is 2 folds of MaSCs-Exo used dose.
Previous research has shown that MSCs exosomes were
internalized by both MCF-7 and MDA-MB-231 breast
cancer cell lines (Meng et al., 2019). These exosomes
were found to inhibit breast cancer cells’ migration and
invasion behaviors by downregulating ZNF367 and
upregulation of miR-21-5p (Meng et al., 2019). Other
studies showed that exosomes from adipose tissue MSCs
can lead to contradictory results and actually promote
the invasion and migration of breast cancer cells (Lin
etal., 2013; Wang et al., 2019). In accordance with our
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results, MSCs exosomes were found to have cytotoxic
effects and induced apoptosis of MCF-7 breast cancer
cells (Mirabdollahi et al., 2019). Newer approaches
aiming to avoid this contradiction performed by
loading the exosomes with desirable agents (micro-
RNA or drugs) to improve their cytotoxic effects and
reduce breast cancer progression (Melzer et al., 2019;
Khazaei-Poul et al., 2021; Degirmenci et al., 2022).
Our results elaborated more on this topic and showed
that combining MaSCs exosomes with TQ showed an
improved apoptotic response that was more effective
than using TQ or MaSCs exosomes alone, and also was
much more effective than 5-FU (a known breast cancer
chemotherapeutic agent).

Conclusion

In conclusion, augmenting the cytotoxic effects of
mammary stem cells-derived exosomes (MaSCs-Exo)
on breast cancer cells by combining it with TQ showed
an improved effect compared to the use of a known
breast cancer chemotherapeutic agent (i.e., 5-FU). This
was achieved through reducing the viability of breast
cancer cells and upregulation of proapoptotic genes
Bax and Caspase-9, downregulation of antiapoptotic
gene BCL-2, and downregulation of proangiogenic
gene VEGF. Our results provide preliminary data on
the importance of combination therapy of different
therapeutic agents (such as TQ and MaSCs-Exo in our
study) in the fight against breast cancer. More research
is still needed to elucidate their additional beneficial
tissue regenerative and/or anticancer effects.
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