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Abstract

Background: Cancer is one of the main causes of death in the world, and disruption of the apoptosis process is
considered one of the important causes of cancer. Due to the fewer side effects of natural compounds compared to
current chemotherapy drugs, these compounds have attracted the attention of scientists. Hydroxytyrosol (HT) is a
natural polyphenolic compound in olive oil that has shown antitumor activity in several cancer cells, but its molecular
mechanism is unknown.The purpose of this study is to investigate the effect of HT on the expression of the miR-21-
Sp gene and the genes involved in apoptosis, Bax, Bcl2, and caspase 3 in HepG?2 cells.

Materials and Methods: HepG?2 cells were treated with different concentrations of HT (50, 100, and 150 uM) for 24
hours. Then, the expression level of Bax, Bel2, Caspase3, and Mir-21-5p genes was investigated by RT-qPCR method.
Results: The results showed that HT decreased miR-21-5p gene expression and increased Bax caspase 3 gene ex-
pression and Bax/Bcl2 ratio in treated groups compared to control (P<0.05). In addition, a negative correlation was
observed between the expression of Mir-21-5p and the expression of Bax and caspase-3 genes.

Conclusion: The results show that HT probably increases the expression of Bax and Caspase 3 genes by reducing the
expression of the miR-21-5p gene, thereby inducing apoptosis and inhibiting the proliferation of tumor cells.
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Introduction

Cancer is the main cause of death in developed
countries and the second cause of death in devel-
oping countries (1). Cancer is the result of cells
leaving the correct regulatory, proliferation, and
differentiation pathways. Desensitization of cells
to growth inhibitory signals, avoidance of pro-
grammed cell death, unlimited proliferative po-
tential, maintenance of angiogenesis, and tissue
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invasion and metastasis cause cancer cells to be-
come malignant (2).

MicroRNAs are a large subgroup of non-coding
RNAs that are evolutionarily conserved. The in-
teraction of microRNAs with target genes defines
their role in growth, programmed death, differen-
tiation, and cell proliferation and confirms the di-
rect function of microRNAs in cancer. The struc-
ture of microRNAs and their function show that
many microRNAs are abnormally expressed in
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different cancers. The expression of microRNAs
is related to the clinical and biological character-
istics of the tumor, such as tissue type, differenti-
ation, invasion, and response to treatment (3).
Studies have shown that the expression of miR-
21-5p is significantly increased in most cancers,
including breast cancer, esophageal cancer, gas-
tric cancer, colorectal cancer, hepatocellular can-
cer, pancreatic cancer, glioblastoma, leukemia, B-
cell lymphoma, lung cancer, and prostate cancer.
This microRNA is related to proliferation, apop-
tosis, and cell migration. Since the expression of
miR-21-5p is increased in most known cancers
and is a potent oncogene, it is considered a poten-
tial therapeutic target for cancer treatment (4,5).

Apoptosis, or programmed cell death, is a physi-
ological process during which unnecessary or ab-
normal cells in the body are destroyed. Apoptosis
occurs due to the activation of enzymes called
caspases. The intracellular ratio of apoptosis-in-
ducing proteins such as BAX with anti-apoptotic
proteins such as BCL_2 determines the cell's sen-
sitivity to apoptosis. Since the disruption of the
apoptosis process is one of the main factors in the
creation of tumor cells, the use of apoptosis in-
ducers causes the destruction of cancer cells,
which is an important strategy in cancer treatment

(6).

Hydroxytyrosol is one of the main compounds in
olive oil and has an anti-cancer effect through
multiple signaling pathways, such as the induc-
tion of apoptosis. Although various studies have
shown the antiproliferative effect of HT against
several cancer cell lines (7), However, the molec-
ular mechanisms of this effect have not been well
defined. Therefore, the aim of this study is to in-
vestigate the effect of HT on Mir21 gene expres-
sion and its relationship with the expression of
genes effective in Bax apoptosis. Bcl2 and
caspase 3 in HepG2 cells.

Material and Methods

Cell line and culture
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The HepG2 cell line was purchased from Iran's
National Cell Bank, Pasteur Institute in Tehran.
Cells were cultured in RPMI-1640 containing
10% FBS with 100 IU/ml penicillin and 100
pg/ml streptomycin at 37 °C with 5% CO2. For
cell passage, after the confluent of cells in the
flask reached 90%-100%, by adding trypsin to
the flask, the cells attached to the flask were sep-
arated. After that, complete culture medium was
added to the flask and centrifuged. After centrif-
ugation, the supernatant was removed, complete
culture medium was added to the cell plate, and
the cells were transferred to new flasks.

Gene Expression Assay

After treating the cells with different concentra-
tions of HT (50, 100, and 150 uM) for 24 hours,
the cells were separated by trypsinization. The
RNA of the cells was extracted using an RNA ex-
traction kit (Jena Bioscience, Germany), and the
concentration of the extracted RNA was deter-
mined by nanodrops. Then cDNA was synthe-
sized using a cDNA-synthesis kit according to the
manufacturer's instructions (Jena Bioscience,
Germany). Reverse transcription-quantitative
real-time PCR (qRT-PCR) with specific primers
was used to investigate BAX, Bcl2, and caspase-
3 gene mRNA expression. The primers sequences
were as follows: BAX forward primer: 5'- TGG-
CAGCTGACATGTTTTCTGAC 3’ and reverse
primer: 5'- TCACCCAACCACCCTGGTCTT -
3’; BCL2 forward primer: 5'- TCGCCCTGTG-
GATGACTGA -3’ and reverse primer: 5'-
CAGAGACAGCCAGGAGAAATCA-3';
Caspase3  forward  primer: 5-  TAC-
CTGTTCTCCATGGATACCT 3’ and reverse pri-
mer: 5'- TCAGTGTTCTCCATGGATACCT -3
GAPDH forward primer: 5'-
CTCTCTGCTCCTCCTGTTCG- 3’ and reverse
primer: 5'- ACGACCAAATCCGTTGACTC -3%
(8). The expression of the GAPDH and U6 were
investigated as endogenous controls.

Data analysis
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The analysis of gene expression using RT-qPCR
was performed by REST software (9). Also, the
relationships between gene expression levels
were calculated with the Pearson correlation test.
P<0.05 was described as significant.

Results

Evaluation of Gene Expression

The obtained results show HT effects in which,
at all concentrations they reduced the expression
of miR-21-5p (Fig. 1A) in all treated groups com-
pared to the control group (P<0.05). Bax gene

Fig. 1 Gene expression of miR-21-5p (A), BAX (B), Bcl2
C), Bax/Bcl2 ratio (D) and Caspase3 (E) in groups treated
with 50,100 and 150 pM HT and control in HepG2 cells
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expression showed a significant increase in all
concentrations of treatment with HT compared to
the control group (Fig. 1B) (P<0.05); the expres-
sion of Bcl2 gene in concentrations of treatment
with HT did not show a significant change com-
pared to the control group (Fig. 1C). The expres-
sion ratio Bax/ BCL2 in all treated concentrations
showed a significant increase compared to the
control group (Fig. 1D) (P<0.05), and the expres-
sion of caspase 3 also showed a significant in-
crease compared to the control group (Fig 1E)
(P<0.05).
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The Pearson correlation test showed a negative
correlation of Mir-21-5p-5p miR-21-5p expres-
sion to Bax (Fig. 2A) (P<0.05). A negative corre-
lation was observed between the expression of

Fig. 2 Gene expression correlation analyses. Pearson’s cor-
relation analysis showing gene expression levels of miR-

21-5p BAX and Bcl2 in HepG2 cell line. Pearson’s correla-
tion coefficient (r) and p-values are shown for each analysis
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as between the expression of Cas3 and the expres-

L
N P> o

o o
o 0k

©
>

o

0 50 100 150

Concentration of HT (uM)

sion of miR-21-5p (Fig. 2C) (P<0.05).
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Discussion

Several studies have highlighted the potential
benefits of herbal medicines as sources of healing
compounds. Due to their lower risk of side effects
compared to standard chemotherapy drugs,
herbal medicines have attracted significant inter-
est (10). Olives extensively utilized for its anti-
inflammatory, antioxidant, and anti-cancer prop-
erties. Within olive oil, hydroxytyrosol, a crucial
natural compound, exhibits potent anticancer ef-
fects by modulating various cellular pathways,
including cell cycle arrest and induction of apop-
tosis (11). Since various mutations in cancer cells
make them more resistant to apoptosis, the use of
apoptosis-inducing compounds is one of the main
methods of cancer treatment (12). Bax, Bcl2, and
caspase-3 genes are the most important genes in
the process of apoptosis. Also, miR-21-5p is an
important and relevant oncogene whose expres-
sion is increased in most known cancers, so
changes in the expression of this microRNA have
become very important in tumor diagnosis and
prognosis (13). In this study, the effect of HT on
miR-21-5p gene expression and apoptosis-related
genes (Bax, Bcl2, and caspase3) was investi-
gated.

The results showed that HT in all treated concen-
trations decreased the expression of Mir21 and
increased the expression of Bax and caspase-3
genes, as well as increasing the ratio of Bax/Bcl2
compared to the control group. Examining the
correlation between genes also showed that there
is a negative correlation between miR-21-5p
gene expression and Bax. and caspase 3 genes.

Hydroxytyrosol (HT) exhibits anticancer effects
through multiple molecular mechanisms. A key
pathway involves apoptosis induction via mito-
chondrial cytochrome c release and caspase acti-
vation. HT also modulates cell cycle progression
by suppressing cyclin-dependent kinases (CDKs)
and disrupting the ERKI1/2-cyclinD1 and
PI3K/AKT signaling axes. Further studies indi-
cate that HT downregulates critical targets, in-
cluding Fatty Acid Synthase (FASN), Bcl-2,
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CREB, p38, ERK1/2, INK, NF-«kB, and EGFR in
vitro (14, 15). Notably, in ER-negative SL-BR-3
breast cancer cells, HT acts as a GPER antagonist
to trigger apoptosis (16).

HT’s broad-spectrum activity extends to inhibi-
tion of oncogenic pathways (Akt, STAT3, EGFR)
in pancreatic, prostate, and thyroid cancers (17,
18). Rosignoli et al. reported cell-line-specific ef-
fects, with HT exerting differential responses in
breast (MCF-7), prostate (LNCaP, PC3), and co-
lon (SW480, HCT116) carcinomas (17). Addi-
tionally, HT potently inhibits thioredoxin reduc-
tase 1 (TrxR1), leading to ROS accumulation,
suppressed proliferation, G1/S arrest, and apop-
tosis in colorectal cancer models (19).

A particularly important finding is HT's ability to
inhibit the thioredoxin reductase 1 (TrxR1) en-
zyme. This inhibition leads to a buildup of reac-
tive oxygen species, stops cancer cells from mul-
tiplying, arrests their growth cycle, and ultimately
kills colorectal cancer cells (19).

Based on multiple investigations focusing on var-
ying dosages of HT, no harmful impact of HT was
detected in terms of acute and sub-chronic tox-
icity (20,21). Aunon-Calles et al. demonstrated
that HT does not manifest genotoxic and muta-
genic properties, as evidenced in in vitro models,
rendering it a promising candidate for cancer
therapy (22). While diverse mechanisms have
been suggested by researchers to explain the anti-
cancer properties of HT, the findings of this study
suggest that HT triggers apoptosis in cancer cells
by downregulating the miR-21-5p gene and up-
regulating the Bax and caspase 3 genes

Conclusion

The results of this study showed that HT in hepG2
cells decreases miR-21-5p gene expression and
increases Bax and caspase 3 gene expression, and
a negative correlation between miR-21-5p gene
expression and Bex and Caspase 3 genes was ob-
served. It seems that HT can increase the expres-
sion of Bax and caspase 3 genes by inhibiting the
expression of the miR-21-5p gene and thus
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induces apoptosis, although more studies are nec-
essary to confirm this hypothesis.
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