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apoptotic regulatory genes
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Many natural compounds have a proven role in cancer prevention and treatment. In the present study,
we evaluated the antiproliferative effects of commonly consumed phytosterol “stigmasterol” against
human cancerous breast (MCF-7) and liver (HepG2) cells and non-cancerous human embryonic kidney
(HEK293) cells. The cytotoxicity concentration of stigmasterol against the MCF-7 (ICso; 27.38 uM) and
HepG-2 (ICso; 25.80 uM) cells were higher than the HEK29 (ICso; 421.74 uM) cells, as determined by
MTT assay. The cytotoxicity result was also confirmed by the LDH assays (r > 0.983). The anti-
proliferative potential of stigmasterol was also studied at the molecular level. The RT-PCR results
showed high expression levels of pro-apoptotic genes (bax, p53), whereas negative expression of anti-
apoptotic genes (bcl-2). The stigmasterol treated both cancerous cell lines showed an increase in
expression of the gene of caspase-9 and caspase-3. According to the gene expression analysis results,
stigmasterol probably activates the apoptosis signaling pathway, and hence genomic DNA fragments
were observed through gel electrophoresis. From the results, we concluded that stigmasterol has
apoptosis-inducing property and therefore to be evaluated as an anti-cancer therapeutic in the animal
model.
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INTRODUCTION reported beneficial effects of stigmasterol in the

Stigmasterol is a phytosterol and its chemical
structure similar to cholesterol (Ryan et al., 2009).
It is commonly present in fruits and vegetables
and also consumed through different sources like
plant oils, plants seeds, soybean, corn, peanuts,
cereals, legumes and sunflower oils (Verleyen et
al., 2002; Kaur et al., 2011). Stigmasterol and its
derivative have been studied for its therapeutic
properties. Topical anti-inflammatory effect of
stigmasterol reported in 12-O- tetradecanoyl
phorbol acetate (TPA) and carrageenan-induced
paw oedema model and inhibits cutaneous
anaphylaxis (Garcia et al., 1999; Antwi et al.,
2018). Stigmasterol decreased the expression of
matrix metalloproteinase and reduced the
degradation of cartilage in osteoarthritic rabbits
(Gabay et al.,, 2010). Many researchers have

treatment of diabetes mellitus (Ramu et al., 2016;
Wang et al.,, 2017). In diabetic rats, it helped to
increase secretion of insuline and hepatic glucose
metabolism (Ramu et al., 2016). Antioxidant
property of stigmasterol evaluated in an animal
model and reported activation of hepatic
antioxidant enzymes markers viz; alanine
transaminase, alkaline  phosphatase and
aspartate transaminase (Ramu et al., 2016; Ali et
al., 2015). In another study, it showed a decrease
of hepatic lipid peroxidation and increased of
catalase, superoxide dismutase and glutathione
enzymes (Panda et al., 2009; Ghosh et al., 2011).
Altogether, it provided anti-genotoxic properties of
stigmasterol and likely to contribute its chemo
preventive properties (Ramu et al., 2016). Anti-
tumor activity of stigmasterol also reported in
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Ehrlich Ascites Carcinoma in mice (Ghosh et al.,
2011), whereas antiproliferative and toxicity
reported in human vascular smooth muscle cells
A7R5 (Li et al.,, 2015), hepatoma cells HepG2
(Kim et al., 2014), and human monocyte cell line
U937 (Yvonne et al., 2010).

The information on its
properties and apoptotic mechanism remain
limited. Therefore, in the current study,
antiproliferative  effect of stigmasterol was
evaluated in human breast (MCF-7) and hepatic
(HepG2) cancerous cells. To confirm of apoptosis,
we also studied the expression level of apoptotic
regulatory genes.

antiproliferative

MATERIALS AND METHODS

Chemicals:

Stigmasterol compound was procured from
the Sigma-Aldrich (USA). The medium of the
tissue culture obtained from Hi-Media Company
(from India). All solvents and reagents were
purchaged from Merck Company (from India).

Cells culture condition:

Human hepatocellular carcinoma (HepG2),
non-cancerous human  embryonic  kidney
(HEK293), and human breast cancer (MCF-7) cell
lines were obtained from Cell Sciences National
Centre (India). The cells were cultured in DMEM
(Dulbecco’s Modified Eagle) (Irshad et al., 2014).
The culture was grown at 37°C and 5% CO2-
incubator in a humidified environmental. All the
experiments were performed in the same
condition.

Cytotoxicity assay:

The activity of the cellular metabolic of cells
was examined by MTT assay. About 2x 104 cells
inoculated into the each wells of 96 well plate and
kept in CO2z-incubator for 24 hour for attaching the
cell at well bottom. For treatment, stock solution of
stigmasterol was prepared in dimethyl sulfoxide
(DMSO) and diluted in culture medium to obtained
final concentration of DMSO less than 0.03%.
Stigmasterol (15- 50 uM) was treated for 24 and
48 hour, respectively. After the treatment duration,
MTT assay was performed according to
standardized method (Irshad et al., 2014). The
optical density (OD) was measured at 570
nanometer by using Microplate Reader device
(Bio-Rad, USA). The live cells metabolic activity
was calculated by the equation describe by Irshad
et al., (2014).

The total means (+ standard deviation) cells
metabolic activity was determined of the
stigmasterol level, and the better cell was utilized
to determining I1Cso value.

LDH enzyme technique:

LDH enzyme leaked into the culture medium
after the cell membrane destruction. The
standardized protocol was used for LDH enzyme
assay (Al-Fatlawi et al., 2014). After the treatment
with stigmasterol (15-50 puM), LDH enzyme in
culture medium was determined by kit called
Cytoscan™-LDH assay kit (G-Biosciences, USA).
Microplate Reader (Bio-Rad, USA) was used for
reading final reaction at 490 nanometer. The LDH
results were correlated with the MTT assay.

RT-PCR:

The mMRNA expression level of apoptosis
genes (bax, bcl-2, p53, caspase-9 and caspase-3
genes) were determined by pre-standardized
method after the treatment of stigmasterol for 48
hours (Al-Fatlawi et al.,, 2014). Total RNA of
treated and untreated cells were isolated by
commercially available kit (Invitrogen). The
extracted RNA (2 pL) was converted into the
cDNA by using commercially available
RevertAid™ first Kit (Fermentas Life Science,
USA). Finally, cDNA was used as template for
amplification of each gene using specific primers
(Table 1). A house keeping gene (GADH) was
used as an internal marker. The final products
each gene was visualized by electrophoresis in
agarose gel (2%) and Gel-Doc system was used
for photography (Bio-Rad, USA).

Table 1: Oligonucleotide primers.

Genes Primer sequence
053 F- 5 CCAGCAGCTCCTACACCGGC 3’
R- 5 GAAACCGTAGCTGCCCTG &
Bcl-2 F- 5 GGTCGCCAGGACCTCGCCGC ¥
R-5 AGTCGTCGCCGGCCTGGCG 3
Bax F- 5 GAGCTGCAGAGGATGATTGC 3
R- 5CCGGGAGCGGCTGTTGGGCT 3’
Casp-3 F- 5 GTACAGATGTCGATGCAGC 3
R-5 CACAATTTCTTCACGTGTA &
F-5 CCTGCGGCGGTGCCGGCTGC 3
Casp-9 ™ R 5 GTGTCCTCTAAGCAGGAGAT 3
F- 5 GTGATGGGATTTCCATTGAT 3’
GAPDH
R- 5 GGAGTCAACGGATTTGGT 3’
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DNA fragmentation technique:

A pre-standardized method wused for
fragmentation study (Al-Fatlawi et al., 2015).
Stigmasterol (ICso; for 48 hours) treated cells were
collected and washed with PBS. The fragmented
DNA was extracted by commercially available
DNA ladder kit (G-Biosciences, USA). The
fragmented DNA was separated in agarose gel
(1.8%). The photograph was recorded by using a
Gel-Doc system (USA, Bio-Rad Company).

Statistical tests:

ANOVA test is used to analysis of the
statistical significance of the experimental,
wherever the mean * standard error was used for
determining from triplicate samples for all groups.

RESULTS AND DISCUSSION:

Cytotoxicity:

MTT assay was used for the screening of
proliferation and viability of cells at the different
dose of stigmasterol. Purple formazan is formed
by active cells due to reduction of MTT salt by the
mitochondrial succinate dehydrogenase enzyme
(Irshad et al., 2014). The result showed decrease
of viability of cancerous MCF-7 and HepG2 cells
with increase of treatment duration and dose of
stigmaterol (p < 0.005) (Fig. 1). The ICso of
stigmasterol in MCF-7 and HepG2 cells after 48
hour was 27.38 + 0.21 and 25.80 + 0.73 uM
respectively (p < 0.05). At ICso dose, MCF-7 and
HepG2 cells showed cytotoxicity by 34.65 and
24.45% after 24 hours treatment, respectively.
The cytotoxicity determined in MTT assay was
correlated with the LDH enzyme leakage at both
time points (24 and 48 hours; r > 0.983). The
results obtained from both assays provided
evidence of stigmasterol has cytotoxicity against
cancerous cells. However, both assays work on
different principals (Al-Fatlawi et al., 2015).

The cytotoxicity concentration of stigmasterol
was also evaluated against non-cancer human
embryonic kidney cells (HEK-239). ICso value of
stigmasterol against HEK-239 was higher than the
cancerous cells (i.e., 421.74 + 0.48 pM). In a
study ICso value of stigmasterol (isolated from a
plant, Kopsia singapurensis Ridl.) against the
MCF-7 cells was 14.5pug/mL (Shan et al., 2014). In
another study cytotoxicity of stigmasterol (isolated
from Navicula incerta) against HepG2 cells was
54% at a concentration of 20 pM (Kim et al.,
2014). Similarly, stigmasterol isolated from the
Premna serratifolia Linn. and reported cytotoxicity
against human small cell lung carcinoma (A-549;

IC50-82.76 PPM), hepatic cancer (HepG-2; ICso-
74.29 PPM) and rat skeletal muscle non-
cancerous cell (L-6; ICso- 160.2 PPM) (Biradi and
Hullatti, 2017). From the results, we concluded
that stigmasterol showed high cytotoxicity
potential against the cancerous cells in compared
to the non-cancerous cells.

Expression levels of bcl-2 and p53, bax genes:

Reverse transcriptase-PCR used to study of
genes (p53 and bcl-2, bax) in HepG2 and MCF-7
cells, which are generally involved in apoptosis
and cellular proliferation (Basu and Haldar, 1998).
The change in mRNA expression was compared
by housekeeping gene. In fig. 2-4, densitometry
study indicated relative band intensity of mRNA
on the gel (TotalLab Quant). Cells incubated with
stigmasterol showed dose-dependent increased
level of mRNA transcripts of tumor suppressor
p53 gene in both cell lines (Fig. 2,3). At ICso level
of stigmasterol, p53 mRNA relative band intensity
displayed an increase of 2.2 fold in MCF-7 and
2.4 fold in HepG2 cells, as compared to the
untreated control.

p53 gene is a negative regulator of bcl-2 gene
and positive regulatory of the bax gene (Basu and
Haldar, 1998; Irshad et al., 2015). In this study,
the bax gene expression level was not visible in
untreated cells. However, stigmasterol treated
MCF-7 and HepG2 cells also up-regulation of bax
gene and down-regulation of bcl-2 gene in a dose-
dependent manner (p <0.05). The result showed
the expression ration of bax/bcl-2 increased in
both cell lines with the increase of stigmasterol
concentration. The result was consistent with a
previous study in which, stigmasterol induce the
expression of p53 gene and bax gene but
decrease expression bcl-2 gene in HepG2 cell line
(Kim et al., 2014). From the result, we concluded
that the increased ratio of bax/bcl-2 gene
promotes the apoptosis process in stigmasterol
treated cancerous cells (Kastan et al., 2004).

Caspase genes expression:

Caspase is a marker in apoptotic signalling
which detected the apoptosis in stigmasterol
treated HepG2 and MCF-7 cells. The result
showed that the stigmasterol treated both cell
lines exhibited mMRNA expression of caspase-9
and -3 genes (Fig. 5-6). At ICso value of
stigmasterol, caspase genes expression was
increased several times as compared with the
untreated group in both cell lines (p= 0.007-
0.015). The translational product of caspase-9
gene has been reported to initiates the cascade of
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apoptosis.?® However, caspase-3 has a great role
in apoptosis (the final phase) (Slee et al., 2001;
Parrish et al., 2013). Our result was supported by
a study in which stigmasterol up-regulated the
expression of caspase-8 and 9 in MCF-7
cancerous cells (Kim et al., 2014). Genomic DNA
fragmentation DNA fragments are referred to the
clear hallmark of apoptosis (Wong et al., 2011). In
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fig. 7, stigmasterol treated cancerous cells clearly
showed ladder pattern genomic DNA in the gels,
in compared to the untreated control.

The result concluded that the stigmasterol
activates an apoptotic process in which the
genomic DNA is cleaved into fragments by the
endogenous endonucleases.
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Figure 1. Cytotoxicity trend of stigmasterol against MCF-7 and HepG2 cancerous cells.
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Figure 2: Up-expression of p53 gene with the increase of stigmasterol concentration. Bands
intensity was observed by densitometry technique.
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Figure 7: Genomic DNA fragmentation (L, ladder; C1, control MCF-7; T1, treated MCF-7; C1,
control HepG-2; and T2, treated HepG-2).
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The results were consistent with other study,
in which phytosterols have an inductive effect of
apoptosis in breast cancer, prostate cancer and
human colon cancer cells (Awad and Fink, 2000;
Woyengo et al., 2009; Grattan et al., 2013).

CONCLUSION
Our findings provide evidence that
stigmasterol exerts anti-proliferative activities

against the breast and liver cancer cells. They
also exhibited little impact on the viability of
normal non-cancerous human embryonic kidney
cells in compared to the cancerous cells. This
study also found the stigmasterol helped to
regulate apoptotic regulatory genes in cancerous
cells. Therefore, this compound may be beneficial
therapy without possible side effects on normal
cells.
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