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Method: This in vitro experimental study investigated the impact of flaxseed
Received: May 25, 2024, extract on apoptosis and the proliferation of BT-474 and MCF-7 breast cancer cells.
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MTT assay was conducted on flaxseed extract treated BT-474 and MCF-7 cells at
concentrations 3.90628, 7.8125, 156.125, 312.5, 125, 2, 1000, and 2000 pg/ml for
24, 48 and 72h. IC50 (ug/ml) was calculated for flaxseed extract in both cells. The
expression of BCL2L1 (bcl-x1), bel-2 and Bax genes were evaluated at these
concentrations using real time Polymerase Chain Reaction (PCR). The data from
different groups were analyzed using the Student's t-test.
Results: Flaxseed extract reduced the multiplication and growth of BT-474 and
MCEF-7 cells in a concentration-dependent manner over 24, 48, and 72 hours of
incubation. In both flaxseed-extract exposed BT-474 and MCF-7 cell lines, the BAX
gene expression increased (P < 0.05); however, the gene expression of BCL2L1 (bcl-
x1) and BCL-2 genes decreased (P < 0.05).
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Introduction

GLOBOCAN 2020, an international
organization that investigates cancer occurrence
and mortality, reported that 6.9% of cancer-related
fatalities in women are attributed to breast cancer.
Breast cancer, which accounts for 11.7% of all
cancer cases, has surpassed lung cancer as the
most prevalent neoplasm.! It is a complex
malignancy with almost five molecular subtypes.
In addition to genetic risk factors, ethnicity,
environment, and lifestyle also contribute to the
development of breast cancer.?> Various
therapeutic approaches have been developed for
breast cancer treatment.*> However, no single
therapeutic strategy can be considered the most
effective. To avoid the side effects and drug
resistance associated with current therapeutic
strategies, exploring new antitumor agents is vital.

Cancers have some basic characteristics known
as “hallmarks of cancer”, one of which is evading
apoptosis.® To preserve appropriate cell densities
in tissues, damaged or undesired cells are naturally
eliminated through the process of apoptosis.’
There are two distinct routes that cause apoptosis:
the extrinsic death receptor pathway and the
internal mitochondrial pathway. Members of BCL-
2 family (BAX, BCL-2, bcl-xl) can alter the
mitochondrial route.?

Tumor cells use various molecular mechanisms
to repress apoptosis. For example, they acquire
resistance to apoptosis through mutations or
reduced production of pro-apoptotic proteins like
BAX, and by increasing the expression of anti-
apoptotic protein like bel-x1 and BCL-2.° BCL-2
is up-regulated in almost 70% of ER+ breast
tumors.!? In the ductal carcinoma in situ breast
cancers, bcl-x1 overexpression has also been
reported.!! Besides, increased levels of bel-x1 and
BCL-2 have contributed to drug resistance in
breast cancer.!? These anti-apoptotic proteins are
believed to collaborate with pro-proliferative
signals to facilitate the establishment and
development of breast cancer.!? Thus, the proteins
of BCL-2 family can be alluring targets for
therapeutic intervention in breast cancer treatment.

Significant evidence has demonstrated that a
traditional herbal drug, flaxseed (Linum
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usitatissimum), possesses anti-obesity, anti-
diabetic and anti-neoplastic properties.! Flaxseed
has a suppressive effect on the growth of human
breast xenografts in athymic mice. Furthermore,
it was discovered to reduce the development of
tumors in women with postmenopausal breast
cancer.!>16 Flaxseeds are rich in a-linolenic acid
oil and a significant source of phytoestrogens
lignan, secoisolariciresinol diglycoside (SDGQG).
In the human or animal gut, SDG is metabolized
into enterolactone (ENL) and enterodiol (END),
which are mammalian lignans.!” SDG can initiate
apoptosis in various human cancerous cells by
inducing of an intrinsic apoptotic mechanism.
The apoptotic effects of SDG apoptotic effect
were assessed in the cells of SW480 colon cancer,
where treatment with lignan significantly increased
the levels and gene expression of AIF and caspase-
3.18 Studies have demonstrated that both flaxseed
and its ingredients have the ability to inhibit cell
growth, prevent the formation of new blood
vessels, and promote programmed cell death in
living organisms. As a result, these substances
can decrease in tumor size, number, and the spread
of cancer to other parts of the body.!?:20
Furthermore, numerous researches have indicated
the anti-cancer features of flaxseed and its
components on breast cancer BT-474 cells.?!- 22
Therefore, flaxseed can be an effective drug or
supplement to prevent and treat breast cancer.
However, the exact effects of flaxseed on breast
cancer cells are still not fully understood. In this
study, we assessed the influence of flaxseed extract
on the apoptosis and survival of BT-474 and
MCEF-7 breast cancer cells.

Materials and Methods
Ethical consideration

This in vitro experimental study received
ethical approval from the Ethics Committee of
Ashkezar Branch, Islamic Azad University with
the number IAU.REC1401.27.

Flaxseed extract production
Flaxseed extraction was carried out using the
soxhlet method. The flaxseeds were finely ground,
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and 25 gr of flaxseed powder were placed into a
filtration thimble and inserted the main chamber
of the soxhlet extractor. A distillation flask
containing 250 cc (10 times the weight of the dry
flaxseed powder) of 70% ethanol (solvent) was
placed under the Soxhlet extractor. A reflux
condenser was placed atop the extractor. The flask
was heated to 50-600c to initiate reflux. The
solvent vapor reached the main chamber, and the
condenser cooled the vapors. The liquid solvent
then penetrated the flaxseed powder, extracting
the compounds.
Cell culture

Human breast cancer cell lines BT-474 (human
epidermal growth factor receptor 2 (HER2+) and
estrogen receptor (ER) & progesterone receptor
(PR+) and MCF-7 (ER&PR+, HER2-) were
recruited from Pasteur Institute (Tehran, Iran).
They were cultured in a high glucose medium
(DMEM, thermofisher — GIBCO, USA)
supplemented with fetal bovine serum, 10% (v/v)
(Thermofisher — GIBCO, USA), 1% penicillin
(Thermofisher — GIBCO, USA), 1% streptomycin
(Thermofisher — GIBCO, USA). The cells were
incubated at 37°C with 5% CO2 and 95%
humidity. To achieve 80-90% confluence, 0.25%
trypsin-EDTA (1X) (Thermofisher — GIBCO,
USA) was used to pass cells. Flaxseed extract
was made in concentrations 3.90628, 7.8125,
156.125, 312.5, 125, 2, 1000, and 2000 pg/ml.
Flaxseed extract was dissolved in Dimethyl
sulfoxide (DMSQO) (Pars tous - Iran) and then
diluted with DMEM medium.
MTT assay

The vitality of the cells was investigated using
the MTT test (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide). Cells were cultured
on a 96-well plate at 1 x 104 cell/ well
concentration, with six repeats for each extract
concentration. Cancer cells with flaxseed extract
at concentrations 3.90628, 7.8125, 156.125,312.5,
125, 2, 1000, and 2000 pg/ml were incubated for
24, 48 and 72h. Subsequently, 20 pul MTT
(Thermofisher — GIBCO, USA) and Phosphate-
buffered saline (PBS) (0.5 mg/ml) was added to
each well and subjected to a four-hour incubation
period. After the incubation period, the MTT

solution was removed, and 100 pul of DMSO was
added to each well to dissolve the formazan
crystals. The absorbance was measured at 570
nm using an ELISA reader (Biotek ELx800).
Assessment of genes expressions by (Quantitative
Reverse Transcription Polymerase Chain Reaction
(qRT-PCR))

The RNeasy Plus Mini kit, Qiagen, was used
to extract total RNA from flaxseed extract-treated
BT-474 and MCF-7, as well as from untreated
cells, following the guidelines provided by the
manufacturer. The RNA content was assessed
employing a Nanodrop (Thermo Scientific, USA)
at 260/280 nm and 260/230 nm wavelength.
Additionally, the integrity of the RNA was checked
using gel electrophoresis. The synthesis of cDNA
was carried out using 1 pug of RNA, random
hexamers primers, and the RevertAidTM First
strand cDNA synthesis Kit (Fermentas, USA)
based to the manufacturer's guidelines. mRNA
levels were quantified Using RealQ Plus 2x Master
Mix Green /High Rox (amplicon, Denmark) and
the Applied Biosystems® StepOnePlus™ system,
BAX, BCL-2, bcl-x1 and GADPH primers were
selected from the primer bank database. The
primer sequences are listed in (Table 1). A total
reaction volume of 20 pul was prepared by
combining 1 10 pl of Master Mix Green, 0.5 pl
of each primer, 1 pl of cDNA, and 8 pul of ddH2O0.
The thermal cycling conditions were set as
follows: an initial holding stage at 95 °C, 15
minutes, 35 cycles at 95 °C for 15 seconds and
58 °C for 1 min. The melt curve stage included
95 °C for 15 seconds, 58 °C for 1minute and 95
°C for 15 seconds. The qRT-PCR experiment was
duplicated for each sample, including a non-
template control. After amplification, melting
curve analysis was conducted, showing one
distinct peak for each primer set. The expression
of genes in each sample was normalized using
the 272ACt method, with GADPH gene expression
serving as an internal standard.

Statistical analysis

The Student's t-test was used to analyze the
data from different experimental groups using
IBM SPSS Statistics, version 20 (SPSS Inc.,
Chicago, IL, USA). Statistical significance was
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determined with P-values reported as follows:
P <0.05 was considered statistically significant.
Data from all experimental groups were expressed
as mean + standard deviation (SD).

Results
Flaxseed extract diminished BT-474 and MCF-
7 viability

The cytotoxicity impact of flaxseed extract
(FE) was assessed on BT-474 and MCF-7 cells
in different concentrations, ranging 3.90628,
7.8125,156.125,312.5, 125, 2, 1000, and 2000 pg/ml
in 24, 48 and 72 hours. As shown in (Figure 1), the
expansion of BT-474 and MCF-7 cells was
suppressed by FE in in a concentration-dependent
manner during each incubation period. In MCF-
7 cells, concentrations less than 125 pg /ml
exhibited no meaningful difference (P =0.14) in
the viability percentage of FE-treated MCF-7
cells. Nevertheless, at concentrations 1-2 mg/ml,
approximately a three-fold difference in the
viability percentage of FE-treated MCF-7 cells
was observed P < 0.05. The viability percentage
at concentrations (500-1000) pg /ml showed 6-
fold decrease (P = 0.004) for 48 hours. The
proliferation of FE-treated BT-474 cells
remarkably repressed at (3.9-31.2) and (250-
2000) concentrations across all time points (24,48
and 72h) (P=0.0003). The IC50 values (in pg/ml)
for the BT-474 cell line were calculated as follows:
724.7 ng/ml at 24 hours, 634.6 ng/ml at 48 hours,
and 406.9 ng/ml at 72 hours. For the MCF-7 cell
line, the IC50 values were 884.5 pg/ml at 24
hours, 593.4 pg/ml at 48 hours, and 398.3 ng/ml
at 72 hours.

Flaxseed extraction effects on BCL2L1 (bcl-xl),
BAX, BCL-2 gene expression levels

The expression levels of these genes were
evaluated at the IC50 values of BT-474: 724.7
pug/ml at 24 hours, 634.6 pg/ml at 48 hours, and
406.9 ug/ml at 72 hours, and for the MCF-7 cell
line: 884.5 png/ml at 24 hours, 593.4 pg/ml at 48
hours, and 398.3 ug/ml at 72 hours.

BAX mRNA levels in MCF-7 cells
significantly increased after 24 h (P = 0.0008),
48 h (P =0.0002), and 72 hours (P <0.0001) of
FE treatment, in comparison with control group.

Effect of Flaxseed on Breast Cancer Cells

BAX gene expression increased with longer
incubation times (fold changes: 6.06 at 24 hours;
6.72 at 48 hours; and 7.41 at 72 hours). Therefore,
the BAX gene expression was elevated in FE-
treated MCF-7 cells, relative to the control cells,
across all treatment durations. The mRNA levels
of BCL-2 significantly decrease in all treatment
groups at 24 hours (P = 0.0001), 48 hours (P =
0.0001), and 72 hours (P <0.0001) in comparison
with the control group. Additionally, BCL-2
expression decreased with longer incubation times
(fold changes: 0.095 at 24 hours; 0.081at 48
hours, and 0.053 at 72 hours). Thus, the bcl-2
gene expression was reduced in MCF-7 cells
exposed to FE, in comparison with untreated
MCEF-7 cells. The levels of bcl-xI mRNA
significantly decrease in all treatment groups at
24 hours (P < 0.0001), 48 hours (P-value =
0.0001), and 72 hours (P < 0.0001) treatment
groups compared with the control group. In
addition, gene expression decreased with longer
treatment time (fold changes: 0.22 at 24 hours;
0.175 at 48 hours, and 0.161 at 72 hours).

In the BT-474 cells, BAX mRNA levels
increased at all time points: 24 hours (P =0.0031),
48 hours (P =0.0001), and 72 hours (P = 0.0008)
of treatments compared with the control group.
Additionally, BAX mRNA levels increased with
longer incubation times (fold changes: 4.59 at
24 hours; 5.2 at 48 hours; and 5.77 at 72 hours).
Therefore, the BAX gene exhibited increased
expression in FE-treated BT-474 cells, as in
comparison with the control BT-474 cells, across
all treatment durations. BCL-2 mRNA levels
decreased significantly at all time points: 24 hours
(P=0.0434), 48 hours (P =0.0058), and 72 hours
(P = 0.002). Besides, the expression of BCL-2
gene reduced by increasing the time of incubation
(fold changes: 0.293 at 24 hours; 0.238 at 48
hours; and 0.185 at 72 hours). Consequently,
the BCL-2 gene expression decreased in BT-
474 cells exposed to FE, in comparison with
untreated cells. bcl-xI mRNA levels decreased
at all time points: 24 hours (P = 0.0007), 48
hours (P = 0.0021), and 72 hours (P = 0.0011)
in comparison with the control BT-474 cells.
Also, it decreased through increasing the time of
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incubation (fold changes: 0.23 at 24 hours; 0.146
at 48 hours; and 0.128 at 72 hours). Therefore,
the BCL2L1 (bcl-xl) gene expression was down-
regulated in FE-exposed BT-474 cells compared
with untreated BT-474 cells. Figure 2 illustrates
the relative expression of the BCL2L1 (bcl-xl),
BCL-2 and BAX genes.

Discussion

Our study showed that the extract obtained
from flaxseed effectively repressed the growth
of BT-474 and MCF-7 cells in a manner that
depended on the dosage. Furthermore, this extract
increased the level of the pro-apoptotic gene
BAX, while inhibiting the activity of the anti-
apoptotic genes BCL-2 and BCL2L1 (bcl-x1) in
both cell lines. These results indicate that the
extract may have the ability to induce apoptosis
and minimize the viability of breast cancer cells.

Breast cancer is the second most common
cause of cancer-related death for women globally.!
Due to the heterogeneity in presentation and
treatment outcomes,?3 its management is still
challenging, making the discovery of novel anti-
neoplastic essential. Cancer therapy mainly
involves inhibiting cancer cells proliferation or
inducing cancer cell death.?* It is well-documented
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that some plant extracts, like flaxseeds, can trigger
apoptosis in human cancer cells. They are rich
in natural polyphenols, mainly lignans, with anti-
hormone modulating, and a-linolenic acid (ALA)
with anti-inflammatory effects.?> This study
examined the impact of flaxseed extract on the
apoptosis and sustainability of MCF-7 and BT-
474 breast cancer cells. The findings demonstrated
that the extract derived from flaxseed has a dose-
dependent cytotoxic impact on MCF-7 and
BT-474 cells.

The results exhibit a degree of consistency
with many previous studies. Researchers have
revealed that ALA prevents the initiation and
progression of breast malignancies by generating
oxidation products.?® In a study, incubation of
MCF-7 cells with flaxseed extract reduced the
viability of cancer cells in a dose-dependent
manner, as the flaxseed extract mediated the
formation of reactive oxygen species.
Furthermore, the fatty acids present in flaxseed
have the potential to trigger the mitochondrial
pathway of apoptosis specifically in MCF-7
cells.?” Clinical trials have also proven that
consuming 25¢g of lignans per day reduces tumor
development in patients with breast cancer.?®
Feeding flaxseed to athymic mice with established
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Figure 1. The cytotoxic effect of Flaxseed extract at concentrations (3.90628-2000 png/ml) on BT-474 and MCF-7 cells. Flaxseed extract
inhibited the proliferation and growth of BT-474 and MCF-7 cells in a concentration-dependent manner across all 24, 48, and 72 hours
of incubation. The proliferation of MCF-7 cells treated with FE was significantly reduced at 0.5-3.9 pg/ml and 500-2000 pg/ml and the
multiplication of FE-treated BT-474 cells remarkably repressed at concentration of 3.9-31.2 pg/ml and 250-2000 pg/ml at all time points

(24,48 and 72 hours) (P < 0.05).
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Table 1. The sequences of genes and control primers

Effect of Flaxseed on Breast Cancer Cells

Gene

Primer sequence (5'-3")

Product size

BAX F:5TGGAGCTGCAGAGGATGATTG 178bp
R: ATCAGTTCCGGCACCTTGG

BCL-2 F-GATGACTTCTCTCGTCGCTACCGT 118bp
R-CGAGTGAGGATGTGCATGAA

BCL2L1(bcl-x1) F- TGCATTGTTCCCATAGAGTTCCA 79 bp
R- CCTGAATGACCACCTAGAGCCTT

GAPDH F- GAAGGTGAAGGTCGGAGTC 106bp

R- GAAGATGGTGATGGGATTTC

bp: Base pairs

BT-474 tumors, in combination with trastuzumab
treatment, reduced tumor size after two weeks.
However, in the long term, only improved overall
survival.?! Researchers have indicated that ALA
consumption decreased the growth of all BT-47
(luminal), MCF-7, MDA-MB-468 and MDA-
MB-231 cell lines in a dose-dependent manner.??
The concurrent administration of flaxseed oil and
trastuzumab led to a decrease in the growth and
spread of cancerous cells and an increase in
apoptosis, as compared with using trastuzumab
alone. Additionally, this combination was as
effective as high-dose trastuzumab.?!

We have shown that the expression of the
BAX gene was heightened (P < 0.05), while the

MCF-7
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expression of the BCL-2 gene was decreased
(P <0.05) in BT-474 and MCF-7 cells exposed
to FE, relative to untreated BT-474 and MCF-7,
across all treatment durations. Unregulated
apoptosis contributes to the development of breast
cancer. The intrinsic apoptotic pathway can be
induced through the raised expression ratio of
BAX/BCL-2 genes, thereby promoting cancer
cell death.?’

The results of different studies confirm our
findings. Consumption of flaxseed or pure SDG
by athymic mice that were injected with human
MCF-7 cells decreased mRNA expressions of
Bcl-2, cyclin D, IGF-IR, pS2, EGFR, ERa, Erp."?
In addition, studies indicated that flaxseed lignans

BCL2L1

& Untreated
@ Treated

2 Untreated

= Treated

Figure 2. Relative expression of BCL2L1, BCL-2 and BAX in BT-474 and MCF-7 cell lines exposed to flaxseed extract. The genes
expression profile in treated and control cells was examined using qPCR and Ct method. The expression levels of these gene were
evaluated at the IC50 values of BT-474: 406.9 pg/ml at 24 hours, 634.6 pg/ml at 48 hours, and 724.7 pg/ml at 72 hours, and for the
MCEF-7 cell line: 398.3 ug/ml at 24 hours, 593.4 pug/ml at 48 hours, and 884.5 pg/ml at 72 hours.

* % and *** shows significant at < 0.05, <0.01 and <0.001, respectively.
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SDG, END, and ENL have substantial anti-
neoplastic effects on different human cancer cell
lines via modulating signaling pathways that
regulate cell proliferation and death.3? Flaxseed
lignans activated the apoptosis in acute myeloid
leukemia cells via the mitochondrial pathway in
an in vitro experiment which also promoted DNA
fragmentation.3!

Although we used proven techniques, such as
the MTT test and qRT-PCR, to evaluate the effects
of flaxseed extract on apoptosis and gene
expression, it is important to note that these
approaches do not offer a complete understanding
of all the underlying mechanisms involved. Future
research should include the integration of
supplementary techniques, such as flow cytometry
to detect apoptosis, Western blotting to analyze
protein expression, and in vivo experiments to
confirm our results in an animal model. In
addition, our study specifically examined two
breast cancer cell lines, BT-474 and MCF-7.
Although these cell lines reflect certain subtypes
of breast cancer, they do not fully encompass the
diverse nature of the condition. By incorporating
additional breast cancer cell lines, such as triple-
negative and HER2-positive variations, into the
study, a deeper understanding of the effects of
flaxseed extract may be achieved. Combining
flaxseed extract with other anti-cancer drugs is
suggested to increase effectiveness and minimize
side effects, which may lead to the discovery of
powerful therapeutic approaches. Moreover, the
process of isolating and purifying the active
constituents in flaxseed extract could yield a more
profound comprehension of its molecular
mechanisms and potentially result in more precise
and efficient therapeutic interventions. To the
best of our knowledge, our study is the first to
examine the effects of FE on BCL-2 family genes
in BT-474 cell lines.

Conclusion

Given the serious side effects and resistance
to many anticancer drugs, the development of
plant-derived compounds to create more efficient
and safer antitumor agents has become of great

interest. The study suggests that flaxseed extract
has a cytotoxic impact on both molecular subtypes,
luminal A and luminal B (BT-474 and MCF-7)
of breast cancer, and induces apoptosis. This
indicates that flaxseed extract might serve as an
effective drug or supplement to prevent and treat
breast cancer.

Funding
None declared.

Acknowledgements
None declared.

Authors’ Contribution

E.ZM: Study design, data gathering; S.M:
Study design, data gathering; M.DT: Data
gathering, drafting; S.D: Study design, data
gathering; M.DA: Study design, reviewing the
manuscript; SM.S: Study design, reviewing the
manuscript; All authors have read and approved
the final manuscript and agree to be accountable
for all aspects of the work in ensuring that
questions related to the accuracy or integrity of
any part of the work are appropriately investigated
and resolved.

Conflict of interest
None declared.

References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre
LA, Jemal A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer
J Clin. 2018;68(6):394-424. doi: 10.3322/caac.21492.
Erratum in: CA Cancer J Clin. 2020;70(4):313. doi:
10.3322/caac.21609. PMID: 30207593.

2. Kondov B, Milenkovikj Z, Kondov G, Petrushevska
G, Basheska N, Bogdanovska-Todorovska M, et al.
Presentation of the molecular subtypes of breast cancer
detected by immunohistochemistry in surgically treated
patients. Open Access Maced J Med Sci. 2018;6(6):961-
7. doi: 10.3889/0amjms.2018.231. PMID: 29983785;
PMCID: PMC6026408.

3. Dehghan Tezerjani M, Beik M, Kalantar SM, Rasti
A, Kalantar SM, Shiryazdi SM. Transforming growth
factor Beta leucinel0 proline variation and breast
cancer risk in Iranian women. Iran J Public Health.

264

Middle East J Cancer 2025; 16(3): 258-262



10.

11.

12.

13.

14.

2015;44(3):427-9. PMID: 25905093; PMCID:
PMC4402428.

Makhoul I. Therapeutic strategies for breast cancer.
In: Bland, Kirby I.; Copeland, Edward M.; Klimberg,
Suzanne, et al., editors. The breast. The 51 ed. Elsevier;
2018. p. 315-30.

Almanghadim HG, Nourollahzadeh Z, Khademi NS,
Tezerjani MD, Sehrig FZ, Estelami N, et al. Application
of nanoparticles in cancer therapy with an emphasis
on cell cycle. Cell Biol Int. 2021;45(10):1989-98. doi:
10.1002/cbin.11658. PMID: 34233087.

Ravi S, Alencar AM Jr, Arakelyan J, Xu W, Stauber
R, Wang CI, et al. An Update to hallmarks of cancer.
Cureus. 2022;14(5):e24803. doi: 10.7759/cureus.
24803. PMID: 35686268; PMCID: PMC9169686.
Kriiger M. Remove, refine, reduce: Cell death in
biological systems. Int J Mol Sci. 2023; 24(8):7028.
doi: 10.3390/ijms24087028. PMID: 37108191;
PMCID: PMC10138335.

Shoshan-Barmatz V, Arif T, Shteinfer-Kuzmine A.
Apoptotic proteins with non-apoptotic activity:
expression and function in cancer. Apoptosis.
2023;28(5-6):730-53. doi: 10.1007/s10495-023-01835-
3. PMID: 37014578. PMCID: PMC10071271.
Kaloni D, Diepstraten ST, Strasser A, Kelly GL. BCL-
2 protein family: attractive targets for cancer therapy.
Apoptosis. 2023;28(1-2):20-38. doi: 10.1007/s10495-
022-01780-7. PMID: 36342579. PMCID: PMC99
50219.

Janaghard MS, Soleimani S, Movafagh A, Motallebi
M, Mousavi SA, Moghadam AAS, et al. Bcl-2
expression in cell lines breast cancer and death
program. Cell Mol Biol. 2023;69(14):277-85. doi:
10.14715/cmb/2023.69.14.46. PMID: 38279418.
Keitel U, Scheel AH, Thomale J, Halpape R, Kaulful3
S, Scheel CH, et al. Bcl-xL mediates therapeutic
resistance of a mesenchymal breast cancer cell
subpopulation. Oncotarget. 2014;5(23):11778-91. doi:
10.18632/oncotarget.2634. PMID: 25473892. PMCID:
PMC4322974.

Nocquet L, Roul J, Lefebvre CC, Duarte L, Campone
M, Juin PP, et al. Low BCL-xXL expression in triple-
negative breast cancer cells favors chemotherapy
efficacy, and this effect is limited by cancer-associated
fibroblasts. Sci Rep. 2024;14:14177. doi: 10.1038/
$41598-024-64696-z. PMID: 38898061. PMCID:
PMCI11187150.

Williams MM, Cook RS. Bcl-2 family proteins in
breast development and cancer: could Mcl-1 targeting
overcome therapeutic resistance?. Oncotarget.
2015;6(6):3519-30. doi: 10.18632/oncotarget.2792.
PMID: 25784482. PMCID: PMC4414133.

Khater SI, Shalabi M, Alammash BB, Alrais Al, Al-
Ahmadi DS, Algahtani LS, et al. Evaluation of flaxseed
lignan-enriched extract targeting autophagy, apoptosis,
and hedgehog pathways against experimentally induced

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Effect of Flaxseed on Breast Cancer Cells

obesity. J Adv Vet Anim Res. 2023;10(2):321-35. doi:
10.5455/javar.2023.j684. PMID: 37534085. PMCID:
PMC10390674.

Bera RK, Singh R, Mollah MKI, Mistry A, Ghosh N,
Kundu A, et al. Natural products use for the
management of breast cancer: A review. Educ Adm
Theory Pract. 2024;30(4):2578-92. doi: 10.53555/
kuey.v30i4.1899.

Avila-Galvez MA, Giménez-Bastida JA, Espin JC,
Gonzalez-Sarrias A. Dietary phenolics against breast
cancer. A critical evidence-based review and future
perspectives. Int J Mol Sci. 2020;21(16):5718. doi:
10.3390/ijms21165718. PMID: 32784973. PMCID:
PMC7461055.

Tse TJ, Guo Y, Shim Y'Y, Purdy SK, Kim JH, Cho JY,
et al. Availability of bioactive flax lignan from foods
and supplements. Crit Rev Food Sci Nutr: 2023;63(29):
9843-58. doi: 10.1080/10408398.2022.2072807.
PMID: 35532015.

Ozgdgmen M, Bayram D, Yavuz Tiirel G, Togay VA,
Sahin Calapoglu N. Secoisolariciresinol diglucoside
induces caspase-3-mediated apoptosis in monolayer
and spheroid cultures of human colon carcinoma cells.
J Food Biochem. 2021;45(5):e13719. doi: https://
doi.org/10.1111/jfbc.13719. PMID: 33778961

Bayar I, Akkog S. A mini review on components of
flax seed and their effects on breast cancer. J Agr Sci.
2024;30(2):205-15. doi: 10.15832/ankutbd.1349777.
Hu T, Linghu K, Huang S, Battino M, Georgiev MI,
Zengin G, et al. Flaxseed extract induces apoptosis in
human breast cancer MCF-7 cells. Food chem toxicol.
2019;127:188-96. doi: 10.1016/j.fct.2019.03.029.
PMID: 30905866.

Mason JK, Fu M, Chen J, Thompson LU. Flaxseed
oil enhances the effectiveness of trastuzumab in
reducing the growth of HER2-overexpressing human
breast tumors (BT-474). J Nutr Biochem. 2015;26(1):
16-23. doi: 10.1016/j.jnutbio.2014.08.001. PMID:
25441844

Wiggins AK, Kharotia S, Mason JK, Thompson LU.
a-Linolenic acid reduces growth of both triple negative
and luminal breast cancer cells in high and low estrogen
environments. Nutr Cancer. 2015;67(6):1001-9. doi:
10.1080/01635581.2015.1053496. PMID: 26134471.
Woérmann B. Breast cancer: basics, screening,
diagnostics and treatment. Med Monatsschr Pharm.
2017;40(2):55-64. PMID: 29952495.

Khan MM, Yalamarty SSK, Rajmalani BA, Filipczak
N, Torchilin VP. Recent strategies to overcome breast
cancer resistance. Crit Rev Oncol Hematol.
2024;197:104351. doi: 10.1016/j.critrevonc.2024.
104351. PMID: 38615873.

Chimento A, De Luca A, D’Amico M, De Amicis F,
Pezzi V. The involvement of natural polyphenols in
molecular mechanisms inducing apoptosis in tumor
cells: A promising adjuvant in cancer therapy. Int J

Middle East J Cancer 2025; 16(3): 258-262

265



Ehsan Zare Mehrjardi et al.

26.

27.

28.

29.

30.

31.

266

Mol Sci. 2023;24(2):1680. doi:10.3390/ijms24021680.
PMID: 36675194. PMCID: PMC9863215.

Huang W, Guo X, Wang C, Alzhan A, Liu Z, Ma X,
Shu Q. a-Linolenic acid induces apoptosis, inhibits
the invasion and metastasis, and arrests cell cycle in
human breast cancer cells by inhibiting fatty acid
synthase. J Func Foods. 2022;92:105041. doi:10.1016/
jjf£.2022.105041.

Hu T, Linghu K, Huang S, Battino M, Georgiev MI,
Zengin G, et al. Flaxseed extract induces apoptosis in
human breast cancer MCF-7 cells. Food Chem Toxicol.
2019;127:188-96. doi: 10.1016/j.fct.2019.03.029.
PMID: 30905866.

Mason JK, Thompson LU. Flaxseed and its lignan
and oil components: can they play a role in reducing
the risk of and improving the treatment of breast
cancer?. Appl Physiol Nutr Metab. 2014;39:663-78.
doi: 10.1139/apnm-2013-0420. PMID: 24869971.
Mansour E, Abd-Rabou AA, El-Atawy MA, Ahmed
HA, El-Farargy AF, Abd El-Mawgoud HK. Induction
of breast cancer cell apoptosis by novel thiouracil-
fused heterocyclic compounds through boosting of
Bax/Bcl-2 ratio and DFT study. Bioorg Chem.
2024;146:107292. doi: 10.1016/j.bioorg.2024.107292.
PMID: 38555798.

Mottaghi S, Abbaszadeh H. A comprehensive
mechanistic insight into the dietary and estrogenic
lignans, arctigenin and sesamin as potential anticar-
cinogenic and anticancer agents. Current status,
challenges, and future perspectives. Crit Rev Food
Sci and Nutr. 2022;62(26):7301-18. doi: 10.1080/
10408398.2021.1913568. PMID: 33905270.
Tannous S, Haykal T, Dhaini J, Hodroj MH, Rizk S.
The anti-cancer effect of flaxseed lignan derivatives
on different acute myeloid leukemia cancer cells.
Biomed Pharmacother. 2020;132:110884. doi:

10.1016/j.biopha.2020.110884.PMID: 33080470.

Middle East J Cancer 2025; 16(3): 258-262



