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ABSTRACT Angiogenesis is important for cancer progression index and angiogenesis factors related to tumorogenesis
deserve to be investigated in detail. The use of minimally toxic phytochemical compounds as the new generation
anticancer agents is an appreciated approach to manage angiogenesis factors. The purpose of this study was to
investigate the potential effects of thymoquinone (TQ), the major constituent of the black seed, on the expression
levels of VEGFA and its receptor FLT1 in human estrogen receptor-positive breast adenocarcinoma (MCF-7) cells.
The researchers provide evidence that TQ down-regulated VEGFA and up-regulated FLT1 transcriptional levels in
human breast cancer cells compared to HEK293 cells. To the best of the researchers’ knowledge, this is the first study
determining the effect of TQ in VEGFA and its receptor FLT1 in MCF-cells and more comprehensive investigations

are highly recommended.

INTRODUCTION

Globally, breast cancer (BC) is the most com-
mon cancer among women, representing nearly
25 percent of all cancers. Incidence rates change
greatly across the world, from 25 per 100,000 in
Middle Africa and Eastern Asia to 92 per 100,000
in Western Europe and according to the estimates
of World Health Organization (WHO), BC rates in
the Middle East which is now 45.3 per 100,000
females are expected to double between 2012 and
2030 (Naja et al. 2019). Based on GLOBOCAN
2018, the widespread cancers in the Eastern Med-
iterranean Region are breast, colorectal, lung, liv-
er, and bladder cancer and among women BC oc-
cupies 34.7 percent (Pourghazian et al. 2019).
Though BC incidence increases with age, nearly
7-10 percent of women diagnosed are younger
than age 40 (Rossi et al. 2019). Thus, developing
new molecular strategies targeting breast tumors
is very significant.

Angiogenesis is an important process in can-
cer growth and metastasis. It is a complicated
mechanism including extracellular matrix remod-
elling, endothelial cell migration and proliferation,

“Address for correspondence:
E-mail: zyegin@sinop.edu.tr

capillary differentiation and anastomosis. Vascu-
lar endothelial growth factor (VEGF) is one of the
most important angiogenesis factors and the bind-
ing of VEGF to its receptors (VEGFRs) on endot-
helial cells and stromal fibroblasts plays a key
role in angiogenesis (Seto et al. 2006; Hlobilkova
et al. 2009). Tumor cells overexpress the ligand
VEGFA (also known as VEGF) which has been
identified as a predominant regulator of tumor
angiogenesis. Afterwards, VEGF can bind to its
receptors such as FMS-related tyrosine kinase 1
(FLT1, VEGFR1) and kinase insert domain recep-
tor (KDR, VEGFR?2) to initiate downstream sig-
naling and angiogenesis. Although FLT1 has a
high affinity for VEGFA (10-fold higher affinity
than KDR), its angiogenic effects are weaker (Seto
etal. 2006; Zhang et al. 2015a).

The present study aimed to analyze the var-
ied expression levels of angiogenesis factors in
MCF-7 cells with the use of TQ. The use of phy-
tochemicals with minimal side-effects is a quite
novel approach in preventing and controlling
cancer. TQ is the major biologically active com-
ponent of Nigella sativa and is commonly used
in the Middle East both as a spice and in tradi-
tional medicine. TQ displays antimicrobial, anti-
parasitic, anti-inflammatory, antioxidant and im-
munomodulatory properties. It also has signifi-
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cant antineoplastic activity and protects non-tu-
mor tissues from chemotherapy-induced damage
(ElKhoely etal. 2015). The role of TQ in inhibiting
major oncogenic transcription factors such as NF-
kB, STATs, Nrf2/ARE and Wnt/B-catenin was re-
ported in diverse cancer models (Shanmugam et
al. 2018). A strong synergism inducing apopto-
sis, necrosis and autophagy against both MCF-7
and breast ductal carcinoma (T47D) cells was
shown between gemcitabine and TQ (Bashmail
et al. 2018). TQ augmented the effect of cyclo-
phosphamide in Her2 + and Her2- breast cancer
cell lines (Khan etal. 2019). TQ-mediated molecu-
lar mechanisms in triple-negative breast cancer
(TNBC) which is the most aggressive and
chemoresistant subtype of breast cancer were
investigated and decreased TNBC cell prolifera-
tion and migration/invasion regulated partially by
NF-kB/miR-603/eEF-2K signaling were shown
(Kabil etal. 2018). The in vivo therapeutic poten-
tial of TQ-Pac combination in managing multiple
cascades including extrinsic apoptosis, tumor
suppressor genes, and p53 signaling was previ-
ously shown in TNBC (Sakalar et al. 2016).

Objectives

The researchers aimed to investigate the ef-
fects of thymoquinone at the molecular level by
assessing the transcriptional levels of angiogen-
esis factor VEGFA and its receptor FLT1 in MCF-
7 and HEK-293 cell lines.

MATERIAL AND METHODS
Cell Lines and Culture Conditions

Human estrogen receptor-positive breast ad-
enocarcinoma cell line (MCF-7) and as control
human embryonic kidney cell line (HEK293) were
used in this study. MCF7 (ATCC® HTB-22™)
and 293T (ATCC® CRL-3216™) cell lines were
purchased from the American Type Culture Col-
lection (Manassas, VA). MCF-7 cells were cul-
tured in Dulbecco’s modified Eagle’s medium with
10 percent fetal bovine serum and 1percent PBS
antibiotics in a 5 percent CO, humidified incuba-
tor at 37°C. HEK293 cells were cultured in the
same supplements and conditions as in MCF-7
cells. Cell lines were serially passaged following
trypsinization by 0.05% trypsin/0.02% EDTA.
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MTT Proliferation Assay

The viability and proliferation of MCF-7 and
HEK?293 cells were quantified by standard Meth-
yl-thiazolyl-tetrazolium (MTT) proliferation assay.
MCF-7 and HEK293 cells were seeded in 96-well
tissue culture plates at a density of about 5x10°
cells per well with 100 ul of culture medium and
cells were cultured for 48 hr. Then, thymoquino-
ne was applied to wells at 15 uM, 25 uM, and 35
UM concentration for 24, 48 and 72 hours. Thy-
mogquinone treated and untreated cells were sub-
jected to 10 pl of 12 mM MTT solution and incu-
bated at 37°C for 4 hours. Afterwards, the media
were removed and replaced with 50 ul of DMSO
and incubated for 20 minutes with gentle shaking
to dissolve the crystal blue melts. The absorbance
at 540 nm was recorded by using microplate read-
er and IC, dosage (represents the concentration
of thymoquinone that exhibited 50 percent cell
viability for MCF-7 and HEK293 cells in vitro)
was recorded.

Analyses of VEGFA and FLT1 mRNA
Expression Levels

MCF-7 and HEK293 cells were seeded and
treated with 25 uM TQ for 48 hours. Total RNAs
were isolated with Trizol reagent and treated with
RNase-free DNase I to remove all potential ge-
nomic DNA molecules. RNA concentrations were
quantified with UV-VIS spectrophotometer and
the integrities of the molecules were evaluated
with the gel image of 28S/18S rRNA bands. First-
strand cDNA was synthesized from 100 ng total
RNA with oligo (dT)18 primer using RevertAid
First Strand cDNA Synthesis Kit (Thermo Fisher
Scientific, Lithuania) in a total volume of 20 pl.
cDNAs encoding target genes (VEGFA, FLT1)
and endogenous control (GAPDH) were ampli-
fied with Maxima SYBR Green/ROX qPCR Mas-
ter Mix (Thermo Fisher Scientific, Lithuania) us-
ing Light Cycler 480 analyzer. To eliminate possi-
ble genomic DNA and reagent contaminations,
RT- (reverse transcriptase minus) and NTC (no
template control) were included in all the reac-
tions performed. Real-time PCR experiments for
both target genes and internal control were per-
formed in triplicate.
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Statistical Analysis

SPSS version 21 was used for statistical anal-
ysis. According to the results of student’s t-test,
comparisons for the analyzed genes were per-
formed. The levels of VEGFA and FLT1 expres-
sions were analyzed by the 2-AACt method de-
veloped by Livak and Schmittgen (2001).

RESULTS

Comparisons between cell lines in terms of
the analyzed genes were made according to the
results of Student’s t- test. The results for FLT1
were as follows: p<0.000 for MCF-7 and HEK293
cell comparison, p=0.014 for MCF-7 untreated and
TQ-treated cells, p=0.399 for HEK293 untreated
and TQ-treated cells. These results clearly show
the effects of TQ on MCF-7 cells but not on
HEK293 cells for FLT1 gene. The results for VEG-
FAwere as follows: p=0.011 for MCF-7 and HEK293
cell comparison, p<0.000 for MCF-7 untreated and
TQ-treated cells, and p<0.000 for HEK293 untreat-
ed and TQ-treated cells. Thus, it can be said that
TQ alters the transcriptional levels of VEGFA both
on MCF-7 and HEK-293 cell lines.

Table 1: Results of the MTT Assay

Effect of Thymoquinone on Cell Viability

As shown in Table 1, TQ was applied to wells
at ranging concentrations of 15 uM, 25 uM, and
35 uM at different time intervals. The IC, con-
centration (producing half-maximal inhibition) at
24 h was found as 25 uM.

Thymoquinone Treatment Down-regulates
VEGFA Expression in MCF-7 Cells

Inhibition of VEFGA has been targeted as a
promising strategy for cancer therapy. As shown
in Table 2, TQ enormously down-regulated the
transcriptional level of VEGFA compared with the
HEK-293 cells.

Thymoquinone Treatment Up-regulates FLT1
Expression in MCF-7 Cells

Though the effects of TQ in terms of expres-
sion was not as striking as in the example of VEG-
FA, compared with the control HEK-293 cells, a
substantial increase in the expression of FLT1 in
MCF7 cells was recorded (Table 2).

Thymoquinone administration durations

24 hr 48 hr 72 hr
Concentration 0 uM 0.323+0.024 0.463+0.0628 0.293+0.082
15 uM 0.320+0.073 0.233+0.0273 0.245+0.028
25 uM 0.368+0.090 0.267+0.0237 0.293+0.077
35 uM 0.290+0.072 0.293+0.0311 0.231+0.044

‘MTT assays were performed six times for each sample. The mean values and standard deviations were given in the

Table.

Table 2: Results of gene expression studies

MCF-7 not MCF-7 HEK293 HEK?293
exposed exposed not exposed exposed
Mean Stan- Mean Stan Differ- p Mean Stan- Mean Stan Differ- p
dard dard ence dard dard ence
devia- devia-  of the devia- devia- of the
tion tion means tion tion means
FLT1 17.79  0.70  15.23 0.34 -2.56  0.014 23.7 0.25 18.05 0.10 -5.65 0.399
VEGFA 19.25  0.30  31.52 0.61 12.27 <0.000 24.62 0.60 23.28 0.32 -1.34<0.000

‘The mean values and standard deviations of the Ct values after normalization with the housekeeping gene were
given in the Table. Experiments were performed in triplicate.
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DISCUSSION

Angiogenesis is an important process for the
creation of new blood and lymphatic vessels sus-
taining the growth of the tumor and both VEGFA
and its receptors are responsible for stimulatory
signals for the angiogenesis (Skirnisdottir et al.
2016). The prognostic roles of VEGF and its re-
ceptors have been investigated in various cancer
studies. Chen et al. (2005) showed the increase of
VEGF and FLT 1 mRNA in human laryngeal carci-
noma cells. In a stage I non-small-cell lung cancer
study, tumors expressing VEGF or KDR displayed
poorer outcomes (Seto et al. 2006). High mRNA
levels of both VEGF and FLT1 were associated
with the development of multiple myeloma (Liu et
al. 2007). In astrocytoma pathogenesis, though
expressions of FLT1 and KDR showed no signif-
icant difference between low and high-grade tu-
mor groups, expressions of VEGF and MMP-9
showed an increase in the high-grade group (Hlo-
bilkova et al. 2009). A significant correlation be-
tween HIF-1 alpha (involved in the transcription-
al regulation of VEGF) nuclear staining and VEGF
staining was found in small cell lung carcinoma
and HIF-1 alphat+/VEGF+ cases were shown to
be associated with poor survival (Ioannou et al.
2009). VEGF and its two receptors (FLT1 and
KDR) were detected with immunocytochemistry
in tumor cells of patients with oesophagogastric
cancer and in comparison to the normal oesoph-
ageal epithelium, VEGF, FLT1, and KDR were up-
regulated (Gray etal. 2013). VEGFR1 (FLT1) was
shown to be related to the gastric cancer recur-
rence since 9 out of 10 cases with the highest
FLT1 expression belonged to the recurrence group
(Suspitsin et al. 2013). Glioma patients whose tu-
mors co-expressed VEGFA and FLT1 mRNA at
the high level had shorter survival (Zhang et al.
2015a). In lung carcinoma, the high expression of
VEGFA and one of the two receptors (FLT1 or
KDR) were associated with worse survival out-
come (Zhang et al. 2015b). Angiogenesis regula-
tors VEGFR2 and VEGFA showed an association
with p53 status in terms of disease recurrence
and survival in epithelial ovarian carcinoma
(Skirnisdottir et al. 2016). High VEGF expression
level was proposed as an important aggressive-
ness factor in breast tumors (Rydén et al. 2003;
Balasubramanian et al. 2007; Srabovic etal. 2013;
Bhatetal. 2019). In the light of studies conducted
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in different tumor types, it is an apparent fact that
the overexpression of VEGF is related to tumor
development and progression. Thus, the results
of this study demonstrate the downregulation of
VEGFA by TQ is a desirable circumstance in the
control of breast tumors. The above mentioned
studies conducted in different tumors also usual-
ly reflected the increased levels of VEGFA’s re-
ceptor FLT1. In this study conducted in MCF-7
cells, TQ increased the levels of FLT1 and this
highlights to a different point of view in contrast
to the expected situation. The studies evaluating
the expression level of FLT1 in breast carcinomas
are quite limited and more studies are needed.
Though Srabovic et al. (2013) showed the over-
expression of VEGFR-1 and VEGF at the immuno-
histochemical level in breast tumors, this is con-
flictive with some previous studies. Schmidt et al.
(2008) suggested VEGFR-1 expression as an indi-
cator of better prognosis and Wiilfing et al. (2005)
reported rare Flt-1 expression in ductal breast car-
cinoma in situ. The improved survival rate stem-
ming from the overexpression of Flt-1 was pro-
posed by Zhukova et al. (2003). Based on these
three studies correlating upregulation of VEGFA’s
receptor FLT 1 with better prognosis in breast tu-
mors, results of this study are also promising
since upregulated FLT1 levels by TQ in MCF-7
cells were shown. More studies conducted on
expression levels of FLT1 both in breast cancer
cells and breast tumors could help to draw a pre-
cise conclusion.

TQ has been shown to possess promising
anti-tumor activities through different molecular
mechanisms. In the breast cancer study of Arafa
et al. (2011), TQ transcriptionally upregulated
PTEN, which then led to phosphorylation of Akt
and induction of p53 protein and its transcrip-
tional target p21. This resulted with the induction
of G2/M phase arrest and apoptosis in doxorubi-
cin-resistant MCF-7/DOX cells. TQ treatment also
caused an increase in the Bax/Bcl2 ratio via up-
regulating Bax and down-regulating Bcl2 proteins.
The molecular mechanisms of TQ have also been
investigated in liver cancer and induction of G2/
M cell cycle arrest and increase in the ratio of
Bax/Bcl2 were emphasized (ElKhoely et al. 2015).
In addition to these benefits TQ offers as a phy-
tochemical-based anticancer agent, there are also
a few handicaps such as poor water solubility,
and bioavailability. To overcome these handicaps,
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nanostructurally combined materials can be de-
veloped. Complex with B-cyclodextrin (CD) nano-
particles was shown to improve TQ solubility with
increased antiproliferative activity on MCF7 cells
and little toxicity to normal human periodontal
fibroblasts (Abu-Dahab et al. 2013). The encap-
sulation of TQ in chitosan myristic acid nanogel
was proved to be more efficient than sole TQ
solution in MCF7 cells (Dehghani et al. 2015).
The development of TQ-nanostructured lipid car-
rier as a drug for the treatment of breast cancer
has also been offered by Ng et al. (2015). The
recently suggested F2 gel (nanofibers of poly-N-
acetyl glucosamine) loaded with doxorubicin and
TQ enhanced antitumor activity with minimal tox-
icity in MCF-7 and HEPG2 cells (Zidan etal. 2018).
Therefore, as long as TQ exerts the expected mo-
lecular effects to be used as an anticancer drug,
nanotechnology methods could help to overcome
the poor solubility effects.

CONCLUSION

The researchers provide evidence that TQ
down-regulated VEGFA and up-regulated FLT1
transcriptional levels in human breast cancer cells.
The present data raise the possibility that VEGF
and FLT1 play key roles in the growth of human
breast carcinoma cells.

RECOMMENDATIONS

As recapitulated at the beginning of the dis-
cussion part in detail, the exact roles of VEGFA
and its receptor FLT1 in breast tumors need to be
investigated in larger patient cohorts both at
mRNA and protein levels. Thus, the consensus
implying the overexpression of VEGFA with a
worse clinical outcome and overexpression of its
receptor FLT1 with a better prognosis scheme
may reflect the importance of our cell culture
study in terms of opening new avenues in chemo-
prevention strategies by the use of phytochemi-
cal agent TQ. According to the best of the re-
searchers’ knowledge, this is the first study eval-
uating the effect of TQ on VEGFA/FLT1 molecu-
lar pathway in breast carcinoma cells. Therefore,
the researchers also strongly recommend extra
cell culture studies targeting angiogenesis fac-
tors both at mRNA and protein level.
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