Jundishapur

Scientific Medical Journal

Research Paper a ‘ ‘i‘
Increasing the Sensitivity of MCF-7 Breast Cancer Cells to Quercetin by ok
Declining DFF45 Expression Level

Toktam Sadat Koleini?, *Seyed Jalal Zargar' , Shahrokh Safarian’, Mostafa Saberian?

1. Department of Cell and Molecular Biology, School of Biology, College of Science, University of Tehran, Tehran, Iran.
2. Department of Medical Laboratory Sciences, Tehran University of Medical Sciences, Tehran, Iran.

Use your device to scan
and read the article online
[®ETLTT Koleini TS, Zargar SJ, Safarian SH, Saberian M. [Increasing the Sensitivity of MCF-7 Breast Cancer Cells to Quercetin by De-
EHE clining DFF45 Expression Level (Persian)]. Jundishapur Scientific Medical Journal. 2023; 21(6):776-793. https://doi.org/10.32598/
[ 1 i JSMJ.21.6.2435
[=]3 d - | https://doi.org/10.32598/ISMJ.21.6.2435
ABSTRACT

In recent years, flavonoids such as quercetin have been considered as new
anticancer drugs. The mechanisms of action of quercetin include cell cycle arrest, inhabitation of cell
proliferation, and induction of apoptosis. This study aims to reduce quercetin’s side effects by increasing
MCF-7 breast cancer cells’ sensitivity to this drug and facilitating the cytotoxic effects of quercetin at
lower concentrations.

In this study, the MTT assay was used to determine the concentration that re-
duced the cell viability by 50% (i.e. lethal concentration 50 or LC, ). Then, the expression of the DNA
fragmentation factor-45 (DFF45) and some genes in the apoptosis pathway (caspase3, p53, BAX, BCL-2,
AIF), the autophagy pathway (LC3, ATG5, Beclin, DRAM) and the AKT/mTOR pathway (AKT1, mTOR, and
PTEN), in cells treated with siRNA, quercetin, and quercetin+siRNA using the real-time PCR.

ST According to the results of MTT assay, the LC,, value for quercetin was determined 220 puM.
The results indicated the initiation of cell death through autophagy pathways. The combined treatment
(quercetin+siRNA) increased the mechanism of cancer cell death more than the quercetin treatment

alone.
i [THEIER One of the regulating pathways of apoptosis is forcing the inhibitory effect of DFF45 on
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Extended Abstract

Introduction

ancer is defined as a group of diseases
characterized by uncontrolled abnor-
mal cell growth and their spread to other
parts of the body. Breast cancer is the
most prevalent cancer in women and is
ranked second in terms of female mortality. Mutations in
genes such as BRCAI, BRCA2, and p53 are commonly
observed in breast cancer. Apoptosis, a process vital for
cellular growth and eliminating abnormal cells, plays a
significant role in cancer. One of the important proteins
in the apoptotic pathway is the DNA fragmentation fac-
tor-45 (DFF45) which has a role in inhibiting DFF40.
Studies have shown increased expression of DFF45 in
various cancers. Microautophagy, macroautophagy, and
chaperone-mediated autophagy are involved in removing
harmful substances from cells. Defects in the autophagy
pathways can lead to harmful substance accumulation.

Quercetin, a natural antioxidant found in plants, has
demonstrated anticancer properties against breast, colon,
ovarian, endometrial, and lung cancers. The mechanisms
of action of this pigment include regulation of p53 pro-
tein, cell cycle arrest, inhibition of tyrosine kinases, pre-
vention of heat shock protein production, and induction
of apoptosis. On the other hand, SiRNA, a gene-silencing
sequence, has received attention in cancer treatment. It
can suppress the expression of key components involved
in cancer progression. Combining siRNA with other treat-
ments enhances therapeutic efficacy while reducing ad-
verse effects. This study aims to sensitize breast cancer
cells to apoptosis for facilitating the cytotoxic effects of
quercetin at lower concentrations and, thus, minimizing
potential side effects.

Material and Methods

Human MCF-7 cells were obtained from the Iranian
Biological Resource Center and cultured in RPMI-1640
medium supplemented with L-glutamine, sodium pyru-
vate, 10% fetal bovine serum, and 1% penicillin/strep-
tomycin antibiotics. Six different concentrations of the
quercetin were prepared and evaluated. Quercetin, with a
molecular weight of 302.24 g/mol, was dissolved to cre-
ate a drug solution with a concentration of 0.0330862x10°
uM. The MTT assay was used to measure cell prolifera-
tion after exposure to various substances and the toxicity
of these substances. This assay is based on reducing a yel-
low tetrazolium salt to an insoluble formazan crystal by
the mitochondrial succinate dehydrogenase. The resulting
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solution’s optical absorption was measured at 570 nm us-
ing an ELISA reader.

The cells were cultured in a 6-well plate without antibiot-
ics. After 24 hours, a prepared solution of siRNA-DFF45
was added using lipofectamine. The cells were then incu-
bated, subjected to quercetin after 24 hours. Total cellular
RNA was extracted 48 hours later. RNA extraction from
the cells was performed using the RNX-plus solution kit.
The extracted RNA was isolated and washed with cold
isopropyl alcohol, and its absorption was measured. Ran-
dom hexamer primers and reverse transcriptase enzymes
were used for cDNA synthesis. Real-time reverse tran-
scription polymerase chain reaction (Real-time RT-PCR)
was conducted using the SYBR Ex Taq kit and the Ap-
plied Biosystems Real-time PCR system to analyze the
expression levels of target genes involved in apoptosis,
autophagy, and cell survival. Gapdh was used as a ref-
erence gene for normalization. The data of real-time RT-
PCR were analyzed using the ABI Step One software.

Results

In the MTT assay, cells were treated with different con-
centrations of quercetin for 48 and 72 hours, and the con-
centration that reduced the cell viability by 50%, which is
called Lethal Concentration 50 (LC,), was determined.
The results showed an LC,; value of 220 pM for the 48-
hour treatment (Figure 1).

The cells were treated with siRNA, quercetin, and
siRNA+quercetin. The findings revealed that siRNA
treatment caused a 30% decrease in cell viability; quer-
cetin treatment led to a 55% reduction, and the combined
treatment resulted in a 65% decrease (Figure 2). This in-
dicates the higher cytotoxic effect of quercetin on cells
when DFF45 expression was reduced. Statistical analyses
revealed significant differences between siRNA treatment
and the combined treatment (siRNA-+quercetin) (P<0.01)
and between quercetin treatment and siRNA, (P<0.05).

The real-time RT-PCR results demonstrated that siRNA
treatment caused more than 80% decrease in DFF45 ex-
pression. Quercetin treatment resulted in a 50% decrease
in DFF45 expression, while the combined treatment did
not considerably affect DFFF'45 expression.

The analysis of the expression of genes in the apopto-
sis pathway revealed that siRNA treatment decreased the
expression of p53, BAX, BCL-2, and caspase-3 genes,
but no significant change in the expression of A/F gene

(Figure 3).
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Figure 1. MCF-7 cell treatment in the presence of different concentrations of quercetin incubated for 48 hours

Figure 2. Changes in cell viability after treatment with siRNA, quercetin, and both (siRNA+quercetin)

**Significance compared to the controls.

In the autophagy pathway, siRNA treatment reduced
the expression of ATGS, damage-regulated autophagy
modulator (DRAM), and Beclin genes, while LC3 gene
expression remained unchanged (no significant effect).
Quercetin treatment increased the expression of LC3 and
Beclin genes, but had no significant effect on A7G5 and
DRAM genes. The combined treatment increased LC3
expression and further reduced the expression of A7GS5
and DRAM genes (Figure 4). The results indicate that the
activation of autophagy pathway leads to a 55% and 65%
decrease in cell viability under quercetin and combined
treatment (siRNA-+quercetin), respectively. Both siRNA
and quercetin treatments generally affected the expres-
sion of genes in the AKT/mTOR pathway (Figure 5).
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Conclusion

In this study, siRNA-DFF45 was used to downregulate
the expression of the DFF45 gene simultaneously with
the administration of quercetin to induce cell death in
MCEF-7 cancer cells. Although most anticancer drugs in-
duce apoptosis leading to the elimination of cancer cells,
the cell death induced by these drugs is not always done
through the apoptotic pathway, which was confirmed in
this study. One of the main characteristics of cancer is
resistance to apoptosis due to mutations in pro-apoptotic
and anti-apoptotic genes and alterations in their expres-
sion. In addition, many cancer therapies demonstrate
their cytotoxic effects by activating the apoptosis path-
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Figure 3. Relative gene expression for p53, BAX, BCL-2, AIF, and caspase-3 genes in the apoptosis pathway after treatment with siRNA,

quercetin, and quercetin+siRNA
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Figure 4. Relative gene expression for IC3, ATGS, DRAM, and Beclin genes in the autophagy pathway after treatment with siRNA,

quercetin, and quercetin+siRNA

way, making the intervention in this pathway a potential
strategy for cancer treatment. The results of this study
showed that the treatment of MCF-7 cancer cells with
quercetin, along with downregulation of DFF45 gene
using siRNA-DFF45 induced cell death.

Based on these findings, it can be concluded that the si-
multaneous use of siRNA-DFF45 with quercetin enhanc-
es the cytotoxic effect of quercetin by 10%. Quercetin, as

a natural antioxidant found in various plants, can play a
significant role in breast cancer prevention.
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Figure 5. Relative gene expression for KT1, mTOR, and PTEN genes in the AKT/mTOR pathway after treatment with siRNA,
quercetin, and quercetin+siRNA
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