[ Downloaded from ijbd.ir on 2022-12-26 ]

[ DOR: 20.1001.1.17359406.1401.15.1.2.6 ]

[ DOI: 10.30699/ijbd.15.1.71 ]

15(1): 71-86

Iranian Journal of Breast
Diseases. 2022; 15(1):71-86.

Receive: 23/8/2021
Accepted: 22/12/2021

“Corresponding Author:
farzaneh.fesahat@gmail.com

Ethics Approval:
IR.ACECR.JDM.REC.1400.008

Original Article
Evaluating the Toxicity of Doxorubicin-Silk Fibroin

Nanoparticles and Its Effect on P53 Gene Expression
in Breast Cancer Cell Line

Vojdani Nejad Yazdi Shl, Zare-Zardini Hz, Miresmaeili Ml, Fesahat F**

!Department of Biology, Science and Arts University, Yazd, Iran

“Hematology and Oncology Research Center, Shahid Sadoughi University of
Medical Sciences, Yazd, Iran

*Reproductive Immunology Research Center, Shahid Sadoughi University of
Medical Sciences, Yazd, Iran

Abstract

Introduction: The use of drug delivery systems can increase the
effectiveness of chemotherapy and reduce its side effects in the
treatment of breast cancer. This study aimed to evaluate the effect of
doxorubicin-containing silk fibroin nanoparticles (NF-DOX) on P53
gene expression in breast cancer cell lines and to measure its toxicity in
vitro.

Methods: NF-DOX was synthesized and characterized. The breast
cancer cell line MCF-7 and normal HFF cell line were treated with
different concentrations of NF-DOX, and its toxicity and relative
expression of P53 were measured.

Results: Examination and characterization of the synthesized
compound of NF-DOX indicated its nanometer dimension. The drug’s
cytotoxic effect on MCF-7 cells was significantly greater compared
with HFF cells and the control group (P <0.001). The 1Cs, values (half-
maximal inhibitory concentration) for MCF-7 and HFF cells treated
with NF-DOX were 229 and 647 pg/ml, respectively. The relative gene
expression levels of P53 in MCF-7 and HFF cell lines compared with
the controls were measured as 27.09+0.51 and 0.57+0.07,
respectively. The relative gene expression of P53 in MCF-7 and HFF
cell lines showed a significant increase (P <0.0001) and decrease
(P <0.0006) compared with controls, respectively.

Conclusion: Differential and significant changes in P53 gene
expression in cell lines indicate that NF-DOX may play an effective role
in inhibition of breast cancer metastasis. The results showed a dose- and
time-dependent anticancer effect of NF-DOX, and it can be considered
as a candidate for a new anticancer drug.
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Introduction

Fibroin nanoparticles (NF) derived from silk
are one of the peptide nanoparticles with
biological properties such as stimulating the
immune  system, the  possibility  of
simultaneous loading of wvarious drugs,
preventing drug degradation, and performing
aqueous processes with high load and stability
(1-3). Due to the special properties of NF,
these structures can be used to target the
delivery of chemotherapeutic drugs, including
doxorubicin. In this study, NF was used as a
delivery system for doxorubicin, and the
cytotoxicity of doxorubicin-containing silk
fibroin nanoparticles (NF-DOX) in human
foreskin fibroblast (HFF) and the cancer cell
line MCF-7 was examined at different
concentrations and treatment times. We also
assessed the P53 gene expression in treated
cells.

Materials & Methods

In this study, the cytotoxicity of synthesized
NF and its effect on gene expression of treated
cells were evaluated in vitro. The extraction of
NF, nanocarrier preparation, and drug loading
and release assessment were done according to
our pervious study (4). For the evaluation of
toxicity, we treated MCF-7 and HFF cells with
different doses of NF-DOX. RNA extraction,
cDNA synthesis, and P53 gene expression
assessment were performed on cell lines
treated with 1Cs, dose of the drug for 24 h. The
ACTB gene (encoding B-actin) was used as an
internal control.  Statistical analysis was
performed using SPSS 20 (Chicago, IL, USA)
and GraphPad Prism (GraphPad Software
Company, USA). The data were presented as
meanz SD. The Mann-Whitney U test was
used to compare groups with controls at a
significance level of 0.01.

Results

Drug release was evaluated in normal and
breast cancer cells. The maximum release of
NF-DOX in 48 hours in HFF cells and MCF-7
cells was 37.9% and 59.6%, respectively. The
viability of MCF-7 and HFF cells after NF-
DOX treatment was assessed using the MTT
assay. A significant dose-dependent inhibition
of cell growth in a was observed compared
with the control group (P<0.01). The results
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showed that the toxicity of recombinant NF-
DOX was dose and time dependent, with ICx
values for MCF-7 cells and HFF cells being
229 pg/ml and 647 pg/ml, respectively. In the
NF-DOX group, the highest toxicity was
observed in MCF-7 cells. Cytotoxicity
increased with the improvement of the drug
release system and the increase of the drug
release stability at 72 hours after cell
treatment. P53 gene expression in comparison
with the reference gene was significantly
higher in MCF-7 cells (P<0.0001) but was
significantly lower in HFF cells (P=0.0006).

Discussion

Doxorubicin effectively induced the apoptosis
of cancer cells through a P53-dependent
pathway. In our study, the significant change
in the expression of this gene in MCF-7 cells
could prove this important point. The use of a
slow and targeted drug delivery system can
double the effect of apoptosis in cancer cells
compared with controls. On the other hand,
some nanoparticles, especially metal oxide
nanoparticles, carbon nanostructures, and
protein nanoparticles, can also alter the
expression of some genes. A noteworthy point
about the effect of these nanostructures is the
difference in their effect on gene expression in
normal and cancer cells due to the different
physiological conditions of these cells (5-9). In
addition to the effect of NF on the slow and
targeted release of doxorubicin, its competence
in regulating apoptotic gene expression could
increase both toxicity and effectiveness of such
chemotherapy drugs in cancer cells.

In conclusion, the results show that the
anticancer effect depends on the dose and
exposure time of NF, and because of cytotoxic
effects and induction of apoptosis in cancer
cells, it can be considered a candidate for a
new anticancer drug. On the other hand,
distinct and significant changes in P53 gene
expression in cell lines indicates that NF-DOX
is likely to play an effective role in inhibiting
cancer cell metastasis. Further research in
laboratory and living environments using
animal models is needed to understand other
properties of NF and its mechanisms of drug
action.
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