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Background. As one of the most common human malignancies, breast cancer is the
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second leading cause of cancer-related death among women globally. Multiple cellular
and molecular mechanisms contribute to the development and progression of breast
cancer. Metastasis, inflammation, and angiogenesis are significant factors in tumor
progression. This study aimed to investigate the impact of niosomal DNAzyme targeting
the nuclear factor kappa B (NFkB) gene on factors involved in cell migration.

Methods. In this research, MCF7 cells were divided into four groups: DNAzyme
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treatment, niosome treatment, niosomal DNAzyme treatment, and untreated control
group. Western blotting was employed to assess the expression levels of proteins
implicated in metastasis and inflammation.

Results. The study findings revealed that DNAzyme effectively reduced the expression
of Snail, Twist, NFkB, VEGF, MMP2, and MMP9 proteins. Moreover, the niosomal
DNAzyme group exhibited a more significant reduction in protein expression compared
to the Oligo group (P<0.005).

Conclusion. The results of the research demonstrate the efficacy of niosomal DNAzyme
targeting the NF«xB gene against breast cancer. Due to its low molecular weight, high

stability, versatility, and cost-effectiveness, niosomal DNAzyme holds promise as a
potential treatment for breast cancer. Further investigations are necessary to fully
explore its therapeutic potential.

Practical Implications. The use of gene silencing techniques, particularly the use of
DNAzyme, is a promising therapeutic approach for cancer treatment. However, further

studies are needed in this field.
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Extended Abstract

Background

Breast cancer remains a leading cause of cancer-
related mortality in women, with metastasis posing a
major therapeutic challenge. Genes such as MMP2 and
Twist are well-established drivers of this process.
Current research emphasizes molecular pathways
involving inflammation and angiogenesis, where NFxB

and VEGF play pivotal roles in tumor progression. This
study proposes a novel therapeutic strategy utilizing a
niosome-encapsulated DNAzyme targeting NF«xB.
DNAzymes are promising gene-silencing agents due to
their catalytic nature and high specificity. Niosomes
serve as effective and biocompatible delivery vehicles,
particularly for MCF7 breast cancer cells. This
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combined approach aims to downregulate proteins
associated with metastasis and inflammation. By
precisely interfering with the NFkB pathway, this
strategy offers a more targeted and potentially safer
treatment for advanced-stage breast cancer, aiming to
improve patient outcomes.

Methods

This study rigorously investigated the therapeutic
effects of a novel NFxB-targeting DNAzyme
formulated in niosomes in MCF7 cells, a widely used
model for estrogen receptor-positive breast cancer.
All experiments were performed in triplicate to
ensure robust and reliable results. MCF7 cells were
cultured in RPMI-1640 medium supplemented with
10% fetal bovine serum (FBS) and antibiotics. Cells
were divided into four distinct treatment groups: (1)
DNAzyme group: treated with NFkB DNAzyme, (2)
niosomal group: treated with free niosomes to assess
the effects of the vehicle, (3) niosomal DNAzyme
group: treated with encapsulated NFkB DNAzyme,
and (4) control group: untreated cells for baseline
comparison. After a 48-hour treatment period, total
cellular proteins were extracted using RIPA buffer,
and concentrations were determined via the Bradford
assay to ensure equal loading. Western blotting was
performed to quantify the expression of key proteins
associated with metastasis and inflammation,
including Snail, Twist, NFkB, VEGF, MMP2, and
MMP9. These proteins were selected for their critical
roles in tumor invasion, angiogenesis, and
inflammatory responses in breast cancer. Protein
separation was achieved by SDS-PAGE, followed by
transfer to PVDF membranes. Membranes were
incubated with specific primary and HRP-conjugated
secondary antibodies, and protein bands were
visualized using an enhanced chemiluminescence
(ECL) system. B-actin served as the internal loading
control for normalization. Band intensities were
meticulously quantified using ImageJ software.
Statistical analysis was conducted using SPSS
version 24, employing one-way ANOVA followed
by Tukey’s HSD post-hoc test for multiple
comparisons. All data are presented as the mean +
standard deviation (SD), with a P-value of less than
0.05 indicating statistical significance.

Results

Our comprehensive Western blot analysis
revealed highly significant and promising results
regarding the efficacy of both free-form and
niosomal NFxB DNAzyme treatments. Both
therapeutic approaches led to a significant
downregulation in the protein expression levels of all
targeted markers (Snail, Twist, NF«B, VEGF,
MMP2, and MMP9) when compared to the untreated
control group. This compelling finding robustly
confirms the effectiveness of NFkB DNAzyme in
silencing its primary target and subsequently
inhibiting the expression of crucial downstream
genes intricately involved in breast cancer metastasis
and inflammation. A particularly noteworthy
observation was the stark difference in efficacy
between the two DNAzyme delivery methods. The
niosomal DNAzyme group consistently exhibited a
significantly greater reduction in protein expression
compared to the free DNAzyme group (P<0.005) for
all evaluated proteins. This clear and statistically
significant difference strongly indicates the enhanced
delivery efficiency and superior stability conferred
by the niosomal carrier system. Niosomes, acting as
protective and efficient transport vehicles,
successfully  facilitated a more  substantial
intracellular delivery of the DNAzyme, leading to a
more pronounced therapeutic effect. In several
instances, the reduction in protein expression
achieved by the niosomal DNAzyme treatment was
more than two-fold greater when compared to the
effects observed with the administration of free-form
DNAzyme. This amplified effect underscores the
critical role of the niosomal formulation in
optimizing the therapeutic potential of the
DNAzyme. Crucially, no significant changes in
protein expression were observed in either the
control group or the niosome group. The control
group, as expected, maintained baseline protein
levels, while the niosome group confirmed that the
niosomal carrier itself does not exert any non-
specific effects on the expression of these proteins.
This lack of change in the control and niosome
groups unequivocally supports the specificity of the
DNAzyme-mediated gene silencing, confirming that
the observed downregulation is directly attributable
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to the target-specific action of the NFkB DNAzyme
and not to any off-target effects of the carrier or
general cellular stress. These results collectively
highlight the promising potential of niosomal NFkB
DNAzyme as a highly effective and specific
therapeutic strategy for mitigating breast cancer
progression by targeting key metastatic and
inflammatory pathways.

Conclusion

This study unequivocally demonstrates the
significant therapeutic potential of a niosomal
DNAzyme targeting NFxB in breast cancer cells.
Our findings confirm the effective downregulation of
crucial proteins linked to both metastasis and
inflammation. Specifically, we observed reduced
expression of Snail and Twist (key regulators of

epithelial-mesenchymal transition (EMT)), NF«xB (a
central mediator of inflammation and cell survival),
VEGF (a critical angiogenesis factor promoting
tumor growth), and MMP2 and MMP9 (matrix
remodeling enzymes essential for invasion). The
enhanced efficacy observed with the niosomal
formulation highlights the vital role of nanocarriers
in optimizing gene therapy approaches. Considering
their inherent advantages including low molecular
weight, improved stability, functional versatility, and
cost-effectiveness, niosomal DNAzymes present a
highly promising strategy for targeted breast cancer
treatment.  This research strongly advocates
integration of DNAzyme-based gene silencing with
advanced delivery systems to develop more effective
and specific oncologic therapeutics.
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