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The black cumin, Nigella sativa L. is known to be effective against various diseases including cancer. Thymoquinone
(TQ), active ingredient of N. sativa extracts, can inhibit proliferation metastasis and regulating immune system in different
cancers as with breast cancer (BC). The mechanisms of action behind TQ are not clearly understood yet. The purpose of the
current study is to investigate the effects of TQ, water (WE) and alcohol extracts (AE) of N. sativa on BC cells by focusing

attention on the following genes;

CDK4, MYC, NF-kBl, VEGFA, FGF1, N-cadherin, ULBPI, ULBP2 and CDI155.

Conventional protocols were performed in order to obtain extracts. Cell viability was measured by RTCA and MTT assay,
and gene expressions were analyzed by qRT-PCR. Association was significant for CDK4 (P =0.07), MYC (P <0.001),
NF-kB1 (P =0.011), VEGFA (P =0.013), FGF1 (P <0.001), and ULBP1 (P =0.021) genes. CDK4 and MYC genes may be
candidate genes for mechanisms involved in reduced cell proliferation induced by AE and TQ. Increased ULBP1 expression
through AE and TQ indicates that N. sativa may trigger ULBP1-mediated NK cell cytotoxicity. Our results support the idea
that active ingredients in N. sativa promise an encouraging therapeutic approach in the future.
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Breast cancer (BC) is the most common type of
cancer among women and is the second leading cause
of death among them. The occurrence rates for breast
cancer showed an annual increase ranging from 0.6%
to 1% between 2015 and 2019. Additionally, nearly
310,720 new cases and 42,250 deaths are predicted in
women living United States for 2024' . According to
2020 Globocan data, breast cancer in India
represented 13.5% of all cancer cases and 10.6% of
all cancer-related deaths, with a cumulative risk of
2.81. Recent trends indicate a higher occurrence of
the disease at younger ages in Indian women
compared to the Western population®. Conventional
strategies including surgery, radiotherapy and
chemotherapy have been applied safely over the
years, but treatment resistance and effective therapy
to all BC subtypes remain a major challenge’.
Therefore, special attention should be paid to BC
treatment and new studies that may support the
current therapies will be highly valuable.

Known also as a black seed, Nigella sativa
(N. sativa), has been evaluated as a valuable plant
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with the broad spectrum of medicinal effects on
various diseases including liver, kidney, cardio-
vascular and skin disease as well as cancer. It
originates from Southern Europe, North Africa,
Southwest Asia, and the Middle East, and could be
grown in nearly each region of the world. N. sativa, a
member of the Ranunculaceae family, typically
reaches heights of 20 to 90 centimetres and produces
fruits in the form of capsules, comprising compound
follicles that house numerous seeds. Numerous active
compounds have been discovered within N. sativa
seeds. The most significant among them, along with
their respective proportions in the extract
compositions, include thymoquinone (TQ) (30-48%),
thymohydroquinone, dithymoquinone, p-cymene
(7-15%), and 4-terpineol (2-7%). In vivo and in vitro
studies on cancer cells, including breast cancer,
provide evidence that N. sativa extracts and its active
compound, thymoquinone (TQ), have inhibitory
effects on proliferation and metastatis® . Many studies
demonstrated comprehensively that N. sativa extracts
and TQ had antiproliferative and antimetastatic effects
on BC cells®'! by regulating Caspase-3, -8, -9'* in
apoptotic pathways and reducing expression of Brcal,
Brca2 and P53 genes in breast tissues of female rats'
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In addition, N. sativa has been shown to have
anticancer effects by increasing the cytotoxic activity
of Natural killer (NK) cells, which function in tumor
surveillance and provide direct cytotoxicity in the
cells they target'*". In our previous study, we
selected five experimentally verified N. sativa gene
targets associated with proliferation, apoptosis and
angiogenesis and performed pathway analysis in order
to show N. sativa affected signalling pathways
potential. The analysis revealed that there were 18
affected pathways related to N. sativa administration.
Thus, N. sativa, accompanied by other affected genes,
may regulate diverse signal transduction pathways in
a cell®. Many of the mechanisms underlying the effect
of N. sativa on cancer and BC are still waiting for
clarification.

Based on these, here, we conducted this in vitro
study to investigate the effects of thymoquinone (TQ),
water (WE) and alcohol extracts (AE) of N. sativa on
the genes including CDK4 (cyclin-dependent kinase
4), MYC (c-MYC), NF-xkBl (nuclear Factor kappa
B1), VEGFA (vascular endothelial growth factor A),
FGF1 (fibroblast growth factor 1), N-cadherin (neural
cadherin), ULBP1, ULBP2 (UL16 binding protein 1, 2)
and CD155 (Poliovirus receptor, PVR) in BC cells.
While ULBPI1/2 and CDI155 are playing a role in
cytotoxic activity of NK cells, others are mainly
involved in tumorigenesis and/or metastasis.

Materials and Methods
N. sativa water and alcohol extraction

Extraction process was mainly performed
according to conventional protocols with some
modifications and improvements. N. sativa (Black
cumin, black seed) was supplied from the
Mediterranean Region of Turkey as a fresh crop black
seed form (Aslan Group, Isparta)’. Black cumin seeds
were thoroughly washed with plenty of cold water
before extracting, kept in a cool environment until
completely dry, and all further steps were carried out
in a cold environment as much as possible. N. sativa
seeds were completely pulverized by an electric
grinder (Sinbo;SCM2934). For WE, 200 mL of sterile
de-ionized water (milliQsynthesis-FOIN156041) was
added to 20 g powder form and kept at 4°C for 36 h.
For AE, 500 mL of 95% ethanol was added to 100 g
of powder form and kept at 4°C for 36 h. Then,
supernatants of both extracts were placed into the
different sterile wide pan and dried under the
separate hood.

For WE, the dried material (nearly after 28 h) was
scraped from the surface, 1 g was weighed and
resuspended by adding 100 mL of sterile de-ionized
water. This solution was poured into two 50 mL
falcon tubes and centrifuged at 4500 rpm for 15 min
to remove water-insoluble particles. Supernatant was
filtered by 0.20 um filter (Sartorius stedim biotech,
Minisart, syringe filter, Germany) and taken into
sterile bottles. The extract (10.000 ug/mL) was stored
at —20°C for further use.

For AE, the dried gel-like material (nearly after 72 h)
was scraped from the surface, 1 g was weighed and
resuspended by adding 100 mL of dimethyl sulfoxide
(DMSO; BioShop, Canada). This homogeneous
solution was filtered by DMSO compatible 0.22 um
filter (Molgen Biotechnology, RC-Syringe Filter,
Turkey) and taken into sterile bottles. The extract
(10,000 pg/mL) was stored at —20°C for further use.

Thymoquinone solution preparation

Thymoquinone (TQ) (Glentham Life Sciences
(GT5953), United Kingdom) in powder form was
weighed as 0.1 g and dissolved in 10 mL of DMSO.
As a result, 10.000 pg/mL (~60.000 uM) stock
solution was obtained.

Cell culture

MCF-7 (Breast cancer cell line) was commercially
obtained from American Type Culture Collection
(ATCC). MCF-7 cells (passage number:14) were
grown in DMEM with L-glutamine (GIBCO, Thermo
Fisher Scientific, Waltham, MA, USA) including 10%
fetal bovine serum (GIBCO, Thermo Fisher
Scientific, Waltham, MA, USA), 1% penicillin/
streptomycin (100 IU/mL penicillin, 0.1 mg/mL
streptomycin) (Wisent Bioproducts, Canada). The cell
line was incubated at 37°C in 5% CO, incubator. Cell
viability and counting were performed on a Cell
Viability Analyzer (Vi-Cell Beckman Coulter, USA).

xCELLigence real-time cell analysis
concentration and exposure time optimization

After adding different numbers of cells (from 5000
to 20000) to the 96 well E-plate (Roche, Switzerland),
the cells were kept in the cabinet for 30 min at room
temperature. Then, E-plate was placed in the
xCELLigence device (Roche, Switzerland) and
incubated at 37°C for 24 h. Based on the analysis
results, optimum cell number for the study was
determined as 17.500. Next, different concentrations
of WE, AE and TQ was applied for 72 h in order to
obtain doses for ICsy calculation and to figure out

(RTCA): dose
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effective time

system.

exposure through xCELLigence

MTT cell viability assay

MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetra-
zolium bromide) test was performed to detect cell
viability at determined doses (WE: 600 pg/mL, AE:
197 pg/mL, TQ: 2.5 pg/mL) and time (48 h). For the
MTT test, cells were seeded 24 h before on a 96-well
plate with 17,500 cells in a volume of 200 pL. It was
incubated at 37°C for 24 h. Next, the doses were
applied on the cells and the plate was incubated at
37°C for 48 h. Finally, cell viability was analyzed in
accordance with the manufacturer’s instructions of
CyQUANT™ MTT Cell Viability Assay Kit
(Thermo-Fisher Scientific, V13154). The MTT test
was carried out in four replicates for each dose and
controls. Absorbance was measured by Multiskan
Spectrum (Thermo Fisher Scientific, USA) at 540 nm.

Total RNA isolation

Total RNA from cells was isolated using the
PureLinkTM RNA Mini Kit (Thermo-Fisher Scientific)
protocol. RNA concentrations were measured using a
spectrophotometer (Nanodrop 2000; Thermo Fisher
Scientific, USA).

Real-Time quantitative PCR (qRT-PCR)

Firstly, ¢cDNA synthesis was carried out in
accordance with Transcriptor First Strand cDNA
Synthesis Kit (Roche Life Science, Germany)
protocol using 200 ng/uL total RNA. For gene
expression analysis, primers were specifically designed
for CDK4, MYC, NF-kB, VEGFA, FGF1, N-cadherin,
ULBPI, ULBP2, CDI155 and housekeeping TATA
binding protein gene (TBP) genes. Melting
temperature was optimized for each gene and qRT-
PCR conditions were as following: 95°C for 5 min,
95°C for 10 s, 61°C (FGF1, MYC, ULBPI,
ULBP2)/62°C (CDK4, NF-kB, VEGFA, N-cadherin)/
65°C (CD155) for 20 s, and 72°C for 10 s (45 cycles).
Primer sequences were listed in Table 1. qRT-PCR
reaction was done by SYBR green (SensiFAST
SYBR No-ROX Kit, Bioline) in LightCycler 480
Instrument II (Roche). All experiments were
performed in triplicate. Relative standard curve
method was used for quantification and 7BP gene was
used in normalization.

Statistical analysis

All statistical analyses were performed by IBM
SPSS 20.0 (IBM Corp., Armonk, NY, USA).
Comparisons of applied materials (WE, AE, TQ) and

Table 1 — Primer sequences of target genes

Genes  Primers Primer Sequences
CDK4 F 5'-ACACCCGTGGTTGTTACACT-3'
R 5'-GTCGGCTTCAGAGTTTCCAC-3'
MYC204 F 5'-CCGTCCTCGGATTCTCTGC-3'
R 5“TTGTTCCTCCTCAGAGTCGC-3'
NF-xkBI F 5'-CTGGAACCCGTGGTATCAGA-3'
R 5'-CATCCAGCTGTCCTGTCCATT-3'
VEGFA F 5'-GGCCTCCGAAACCATGAAC-3'
R 5'-GCTGCGCTGATAGACATCCA-3'
FGF1 F 5-CTTTTATACGGCTCACAGACACC-3'
R 5-CTCCCATTCTTCTTGAGGCCAA-3'
N-Cadherin  F 5“TGCCCGGTTTCATTTAGGGG-3'
R 5-TGTTCCAGGCTTTGATCCCTCA-3'
ULBPI1 F 5'-GGGGATTGTAAGATGTGGCT-3'
R 5-GGAAGATGATGAGAAGCCTCC-3'
ULBP2 F 5'-GCCGCTACCAAGATCCTTCTG-3'
R 5'-CTGGCCTTGAACCGCACAC-3'
CD155 F 5'-CCTGCTGGGGATCGGGATTT-3'
R 5'-ATTAGCTGAGGCGCTGGCAT-3'
TBP F 5-ACTTGACCTAAAGACCATTGCAC-3'
R  5-CTTGAAGTCCAAGAACTTAGCTGG-3'

[F: Forward; and R: Reverse]

control group with respect to gene expressions were
carried out by one-way analysis of variance (one-way
ANOVA). Tukey’s and Dunnett’s tests were used for
pairwise multiple comparisons. A P <0.05 was
considered statistically significant.

Results
Extraction times for N. Sativa WE and AE

Modifications and enhancements were made to the
N. sativa extraction process. While optimizing the
36 h incubation period for extract preparation, seed
powders were incubated in their respective solvents
for 12, 24, 36, 48, and 60 h. The samples from the
liquid parts of extracts were collected at these time
points for optical density (OD) measurements.
Subsequently, their optic densities were measured at
254 and 360 nm (maximum absorbance value for TQ
and appropriate absorbance value providing an
overview for other substances such as phenolic acids,
alpha hederin and kaempferol found in both extracts,
respectively'®"®) to deduce at which time the more
concentrated extract was obtained. Finally, it was
observed that density of both extracts increases up to
36 hours and then decreases. Therefore, waiting for
36 h were decided as more convenient time for this
step (Fig. 1).

Beside the determination of extraction time, optical
density (OD) values can give some indication of the
presence and concentration of ingredients within plant
extract. Spectrophotometric methods are a useful tool
for assessing the total concentration of high volumes
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Fig. 1 — Spectrophotometric analysis of WE and AE at 254 nm
and 360 nm. [Time-dependent extraction were indicated as OD
mean + standard deviation (SD)]

of plant extracts in a cost-effective and efficient
manner, For instance, high linear relationship was
found between simple spectrophotometric analysis
and HPLC analysis when total quercetin content were
compared. In addition, the spectrophotometer has
demonstrated its reliability in estimating the
combined concentrations of the two primary flavanol
conjugates in a related raw plant extract'’. Although
not as descriptive as analytical techniques providing
more comprehensive  information about the
composition of plant extract, our data indicated the
presence TQ and other mentioned components in AE
and WE (Fig. 1).
Dose determination and the time of administration

After optimum cell number was assigned as 17.500
using xCELLigence system, dose administration time
was determined as 48 h. Because the curves in
xCELLigence cell index graph did not show complete
difference between 24 and 48 h, treatment of the cells
for 24 h was eliminated. Besides, the curves at the
72" h was similar to the 48™ h, and the calculated ICs,
concentrations were also found to be similar in these
hours. Therefore, it was determined that 48 h
treatment is sufficient to detect applied dose effects.

different concentrations of WE, AE and TQ for 24, 48 and 72
hours. Treatment with different concentrations of (A) WE; (B)
AE; and (C) TQ. MCF-7 cells incubated with medium culture
only were used as control, represented as red line. The lines of the
graphs illustrate the concentrations of WE, AE, and TQ that were
administered. These concentrations are displayed on the right side
of the graph. The arrows above the graph indicate the timing of
dose administration in hour.

ICso values of AE and TQ was found as 197 pg/mL
and 2.5 pg/mL, respectively. Since the toxic effect
was not obtained for WE, the dose (600 pg/mL)
leading to best proliferation was determined for
treatment (Fig. 2).

Effects of extracts and TQ on cell viability

MTT assay was performed to test cell viability at
specified doses and to confirm xCELLigence
results®. The results showed that WE led to cell
proliferation compared to the control in xCELLigence
system, while it caused statistically significant
decreased cell proliferation in MTT assay (p=0.001)
(Fig. 2 A and Fig. 3). The cell viability obtained for
AE and TQ were consistent for both methods, and it
was found to be effective on reducing the viability of
the cells at the doses determined in the MCF-7 BC
cell line (Fig. 2 B & C and Fig. 3).

Effects of extracts and TQ on gene expressions
According to the results of one-way variance
analysis, while significant difference was obtained
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Fig. 3 — Evaluation of MCF-7 cell proliferation via MTT assay
after treatment of WE (600 pg/mL), AE (197 pg/mL), TQ
(2.5 pg/mL) for 48 hours. Cell viability levels were indicated as
mean + SD. Statistical significance among materials applied
(WE, AE, TQ) and Control were represented with P values.

between groups (AE, WE, TQ and control) for CDK4
(P =0.07), MYC (P <0.001), NF-xBl (P =0.011),
VEGFA (P =0.013), FGF1 (P <0.001), and ULBPI
(P =0.021) genes, there was no significant difference
for N-cadherin (P =1.84), ULBP2 (P =0.131) and
CD155 (P=0.071).

For CDK4 gene expression; when AE and TQ were
administered to MCF-7 breast cancer cells, 1.25 and
1.20-fold statistically lower expression was obtained
for AE (P =0.012) and for TQ (P =0.027) compared
to control, respectively. When the differences
between the administered substances on CDK4
expression were examined, a significant association
was found between WE and AE (P =0.020) and TQ
(P =0.043), but no statistical significance was
observed between AE and TQ (P =0.943) (Fig. 4A).
For MYC gene expression; AE (P =0.001) and TQ
(P =0.001) led to 2.65 and 2.54-fold statistically lower
expression of MYC compared to the control,
respectively. There was no significant relationship
between WE and control in our study (P =0.450).
Significant difference was obtained between WE and
AE (P <0.001) and TQ (P <0.001), while no
significant effect was observed between AE and TQ
(p=0.997) (Fig. 4B). For NF-xBI gene expression; AE
(P =0.238) and TQ (P =0.830) did not significantly
affect the NF-xkBl gene expression compared to
control, while WE 1.59-fold increased the expression
(P =0.019) (Fig. 4C). For VEGFA gene expression;
when the cells were treated with TQ, 2.13-fold higher
expression of VEGFA compared to the control and it
was the only statistically significant data on the
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Fig. 4 — Expression of six genes by quantitative PCR after
MCF-7 cells were treated with WE (600 pg/mL), AE (197
pg/mL), TQ (2.5 pg/mL) for 48 hours. Expression levels were
indicated as mean + SD and statistically significant differences
were represented with P values on each graph. (A) CDK4,
(B) MYC; (C) NF-kB; (D) VEGFA; (E) FGFI; and (F) ULBPI
expression levels.

VEGFA in our study (P =0.005) (Fig. 4D). For FGF1
gene expression; the expression was found to be
elevated 156.5-fold by AE (P <0.001), 140.5-fold by
TQ (P <0.001) compared to control. Significant
difference was obtained between WE and AE
(P <0.001) and TQ (P <0.001), while no significant
effect was observed between AE and TQ (P =0.870)
(Fig. 4E). For ULBPI gene expression; when AE
(P =0.045) and TQ (P =0.040) were applied to MCF-7
cells, 23.9 and 24.6-fold statistically higher ULBPI
expression was obtained for AE and TQ compared to
the control, respectively. There was no significant
difference between applied materials (WE and AE
(P =0.080), WE and TQ (P =0.071), AE and TQ
(P =1.000)) (Fig. 4F).

Discussion
In the last decade, there are scientifically confirmed
accumulating evidence that indicate effects of
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N. sativa extracts and its major ingredient TQ on
cancer including BC via involvement in cell
proliferation, metastasis and immune system
regulation®*'. Considering the extensive impacts that
N. sativa and TQ perform in the cells, the effects of
TQ as well as WE and AE of N. sativa on the target
genes were investigated.

As a first step, we modified the conventional
extraction method to improve its quality. For this
purpose, N. sativa extraction time was clarified and
centrifugation steps were added to remove insoluble
particles. Following the administration of extracts and
TQ to MCF-7 cells, it was observed that WE
enhanced the cell proliferation compared to the
control in the xCELLigence system. Conversely, a
statistically significant decrease in cell proliferation
was obtained in the MTT assay. It can be explained
by the differences, advantages and disadvantages of
the working principles of both systems. The
xCELLigence system basically measures the net cell
adhesion in the well. Therefore, any cell response that
changes cell morphology including cell size, volume,
shape, and spread, can affect the measurement
value”. Based on this logic, the changes in cell
morphology (such as cell swelling) caused by WE
may lead to the cell index to be observed higher than
the control. On the other hand, in tests based on
tetrazolium salt, such as the MTT assay, the formazan
product may in some cases be reduced by various
chemicals or materials such as antioxidants,
flavonoids, vitamins and plant extracts in the medium,
causing false-positive results. There may be more
such phytocomponents in the WE than in AE and it
may have led to conflicting results. There is no
consensus results in studies involving WE and MCF-7
cells whether WE leads to cell proliferation or not''*.
Although different results were obtained for WE on
cell death/proliferation with these techniques, WE did
not have as much lethality or a drastic effect as AE
and TQ in comparison to the control, which is in a
similar manner to some other studies®’. On the other
hand, decreased cell viability obtained for AE and TQ
were consistent for both methods. This data have been
supported by previous studies in terms of decrease in
cell viability of different cell lines after alcohol
extracts of N. sativa administration®*'>**%*,

The basis of same directionality for AE and TQ are
as follows: TQ is found in the highest ratio (30-48%)
in N. sativa as compared to other active ingredients

and TQ solubility in alcohol is much higher than in
water”®*’. Different cell cytotoxicity between AE and
WE of our study may arise from different soluble
phytocomponents, variability in their amounts,
antioxidant activities of these components and
stability of active ingredients'®*®. These differences
may also explain the discrete effects of extracts on the
expression of the genes, discussed below.

The CDK4 protein encoded by the CDK4 gene
(12q14.1) is involved in the regulation of the G1-S
phase transition in the cell cycle” and the product of
the gene is usually upregulated in human cancer
types”’. Cyclin D1 is overexpressed in all types of
breast cancer, and the cyclin D1-CDK4 complex has
been shown to be essential for breast cancer cells to
maintain their tumor potential. Cyclin D1 is
overexpressed as a result of activation of CDK4,
which can alter the cell cycle process and lead to
malignancy’' . In the current study, when AE and
TQ were administered to MCF-7 breast cancer cells,
statistically lower expression was obtained for AE and
for TQ compared to control, respectively. Therefore,
N. sativa AE and TQ may exert their anticancer effect
through the regulation of the CDK4 gene. These
results are directly or indirectly consistent with the
studies in literature**”. In contrast to AE and TQ,
there was no significant difference in CDK4
expression between WE and control. It seems that WE
is not as effective as AE and TQ in influencing CDK4
gene expression.

MYC protein encoded by the MYC gene (8q24.21)
is responsible for the regulation of cell cycle,
proliferation, differentiation and apoptosis
processes™. In the breast cancer tumorigenesis, the
tumor suppressor BRCAT1 reduces the transcriptional
activity of MYC, and consequently the absence of
BRCA1 and overexpression of MYC triggers the
development of breast cancer. MYC overexpression
has been demonstrated in “basal-like subtype” breast
cancer type which has a poor prognosis and does not
have a therapeutic target. In a study conducted on the
MCEF-7 cell line, it was revealed that MYC expression
was inhibited by siRNA, resulting in inhibition of
tumor growth in vitro and in vivo. The targeting of
overexpressed oncogenes such as MYC in various
cancer types and the therapeutic strategies developed
based on the inhibition of oncogenic pathways are
pivotal for cancer research’®’. In our study, AE and
TQ led to statistically lower expression of MYC
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compared to the control. Therefore, cytotoxicity of
AE and TQ can be explained through suppression of
MYC gene and other related pathways. These results
are in accordance with the previous studies’”**'. On
the other hand, there was no significant relationship
between WE and control. Thus, WE has less impact
on MYC gene expression similar to CDK4.

The NF-kB1 encoded by the NF-kBI gene (4q24)
is a subunit of NF-kB that mainly plays a role in cell
cycle and inhibition of apoptosis and cell
adhesion”*. NF-kB is overexpressed in several
cancer types®. In this study, AE and TQ did not
significantly affect the NF-xBI gene expression,
while WE increased the expression. WE may increase
the expression only at mRNA level but at protein
synthesis level NF-kBI gene expression may be
suppressed by further translation and modification
steps, as a result decreased cell survival in the MTT
assay may have occurred*’. The studies previously
conducted indicate that AE and/or TQ decrease the
expression of NF-kB****#44 Tt seems that our AE
and TQ dose concentration was not sufficient to
suppress NF-xB1 gene.

Metastasis related VEGFA (6p2l.1), FGFI
(5931.3) and N-cadherin (18ql2.1) genes are
primarily involved in cell migration and upregulated
in many cancer types™*’. When the cells were treated
with TQ, higher expression of VEGFA compared to
the control was obtained. Dissolved TQ in AE might
be insufficient to affect expression. Six studies in
literature are inconsistent with our results and
demonstrated the suppressive effect of TQ and AE on
VEGFA expression in the different cancer types®**.
The TQ-based increase in VEGFA mRNA may be
eliminated by some translational or post-translational
modifications and finally we may have obtained
triggered cell death®. On the other hand, FGFI
expression was found to be elevated 156.5-fold by AE
and 140.5-fold by TQ compared to control. The
increase observed here is quite pronounced. This
mRNA-level data indicates that AE and TQ may exert
their cytotoxic effect independently of FGFI. AE and
TQ may have a neutralizing effect on FGF1 proteins.
Also, they may have triggered the deregulation of the
FGF receptors and prevented the binding of FGFI.
Furthermore, degradation pathway of the FGF
receptors could be activated by AE and TQ, then the
receptors might be transported to lysosomes for
degradation**. In addition to potential translational

modifications on FGF1, these mechanisms may
underlie the inconsistency between our decreased cell
proliferation results and increased FGF1 expression
after AE and TQ administration.

Besides many others, there are two important NK
cell receptors, Natural killer group 2D (NKG2D) and
DNAX accessory molecule-1 (DNAM-1), that play a
role in the regulation of cellular stress based on NK
cells. They induce NK cell-mediated cytotoxicity in
target cells after interacting with their ligands. ULBP1
and ULBP2 are the ligands for NKG2D receptors and
generally upregulated in stress conditions such as
malignant transformation. One of the studies showed
that ULBPI1/2 genes (6q25.1) upregulated in lung
cancer cells resulting in NK cell cytotoxicity. CDI55
gene (19q13.31) encoded ligands interact with
DNAMI1  receptors and  overexpressed in
malignancy'*®. During the study planning, we
evaluated whether N. sativa was responsible for
directing NK cytotoxicity in cancer cells by its effect
on these ligands, ULBP1, ULBP2, CD155. A study
demonstrated that the presence of thymoquinone led
to an enhanced NK cells cytotoxicity on BC cells,
accompanied by increased secretion of perforin,
granzyme B, and IFN-o’’. In our study, AE and TQ
were found to increase ULBPI expression. Only
ULBP1 had significant association and thus cytotoxic
activity of NK cells could be increased by upregulated
ULBPI1 ligand as a result of AE and TQ treatment in
BC.

To the best our knowledge, this is the first study
exhibiting the effect of AE, WE, TQ one the FGF1,
ULBPI1, ULBP2, N-Cadherin, CDI155 gene
expressions in MCF-7 cell line. Also, WE effect on
the expressions of remaining genes, CDK4, MYC,
NF-kB1, VEGFA did not studied previously. The
significant expression results for CDK4, MYC and
ULBPI1 were consistent with literature and our
hypothesis in terms of AE and TQ effects. This
finding highlights a novel mechanism through which
N. sativa may enhance the immune response against
cancer cells. In this context, the research possesses
unique significance and contribute to expands our
understanding of the potential mechanisms associated
with N. sativa and breast cancer, offering valuable
insights into potential therapeutic pathways and future
therapeutic approaches for the management of this
complex disease. These genes probably play an active
role in pathways regulated by N. sativa. Only FGF1
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has strikingly contradictory expression results which
is worth further investigation. In future, protein-level
or in vivo studies may elucidate the therapeutic
potential of N. sativa by focusing on the pathways
associated with CDK4, MYC and ULBPI genes.
Consequently, underlying anticancer mechanisms of
this medicinal herb, which is highlighted for its broad
impact’" >, will be demonstrated more clearly.

In future studies, the cytotoxicity differences
between WE and AE can be demonstrated more
significantly with using high-performance liquid
chromatography (HPLC) by revealing the components
and their percentages in the N. sativa. This data in
different studies may also explain the variation in the
effects on gene expression. The analyzing of the
proteins particularly for the genes obtained statistical
significance will be wuseful to support our
transcription-level results and to clarify conflicting
results. Additionally, NK cells and extract-treated
cells could be co-cultured to demonstrate the targeting
of NK cells and the presence of NK cell-based
cytotoxicity.

Conclusion

To date, numerous scientifically based research has
reported the effect of Nigella sativa extracts and
thymoquinone (TQ), an active ingredient of the
extract, on cell proliferation, migration and beneficial
regulation of immune response. The data presented in
this study provided improvement of conventional
extraction process and the significant effects of both
alcohol and water extracts, and TQ on the expression
of some targeted genes. In broaden perspective, after
standardized extraction process, metabolomics studies
may further illustrate N. sativa potential. All in all,
along with the comprehensive praiseworthy results of
N. sativa in preclinical studies, it can be evaluated as
additional supportive therapeutic agent against breast
cancer and other cancers as well.
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