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Abstract

Introduction: Plant-derived gold nanoparticles have attracted growing interest as
anticancer agents because they combine environmentally friendly synthesis with
favorable biological compatibility. While their anticancer activity has been reported in a
variety of experimental models, their effects on molecular regulators associated with
breast cancer stemness, particularly cancer stem cell-related markers and regulatory
microRNAs, remain incompletely understood. This study, therefore, investigated whether
gold nanoparticles synthesized from walnut shell extract could modulate the expression
of OCT4, NANOG, P53, miR-21, and miR-145, all of which play important roles in breast
cancer progression.

Methods: Gold nanoparticles were synthesized using walnut shell extract and
characterized by transmission electron microscopy and X-ray diffraction. MCF-7 breast
cancer cells were exposed to cell viability was assessed using the MTT assay. Expression
levels of OCT4, NANOG, P53, miR-21, and miR-145 were measured using SYBR Green
real-time PCR, and relative expression was calculated with the 2"AACt method. Statistical
comparisons were performed using two-way ANOVA followed by Tukey's multiple
comparison test.

Results: Treatment with walnut-derived gold nanoparticles reduced the viability of MCF-
7 cells in both a concentration- and time-dependent manner. At the molecular level,
expression of the stemness markers OCT4 and NANOG, together with the oncogenic
microRNA miR-21, declined significantly after treatment. In contrast, both P53 and the
tumor-suppressive microRNA miR-145 were significantly upregulated (P < 0.05). These
findings suggest concurrent suppression of stemness-associated pathways alongside
activation of tumor-suppressive mechanisms.

Conclusion: Walnut shell-derived gold nanoparticles influenced several molecular
regulators associated with breast cancer cell survival and stemness. Taken together, these
findings support further mechanistic studies better to understand the biological effects of
these green-synthesized nanoparticles. However, additional validation in complementary
experimental models and functional assays will be necessary before their therapeutic
relevance can be fully established.

Keywords: Gold nanoparticles; green synthesis; walnut shell; breast cancer; MCF-7,

gene expression.
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Introduction

Breast cancer is the most frequently diagnosed
malignancy among women worldwide and
remains one of the leading causes of cancer-
related  mortality.  According to the
GLOBOCAN 2022 estimates, approximately
2.3 million new cases and more than 670,000
deaths were attributed to breast cancer globally,
underscoring its substantial public health
burden. Although major advances have
improved diagnosis and treatment, recurrence
and resistance to therapy remain common,
highlighting the need for more -effective
treatment strategies (1).

Gold nanoparticles (GNPs) have attracted
interest in cancer research because they are
biocompatible, chemically stable, and can be
readily modified for a wide range of biomedical
applications, including drug delivery, imaging,
and targeted therapy (2,3). Their biological
performance, however, is influenced not only
by particle size and surface characteristics but
also by the method used for synthesis. In recent
years, plant-based synthesis has become an
appealing alternative to conventional chemical
methods because it avoids toxic reagents and
uses naturally occurring compounds to produce
stable nanoparticles. Walnut (Juglans regia)
green shell is particularly rich in phenolic
constituents that can act as both reducing and
stabilizing agents during nanoparticle synthesis
(4).

Growing evidence suggests that cancer
stemness and microRNA dysregulation play
central roles in breast cancer progression,
therapeutic resistance, and disease recurrence.
For this reason, OCT4 and NANOG were
selected as representative markers of stemness,
whereas P53 was evaluated because of its
critical role in regulating apoptosis and cellular
stress responses. In parallel, miR-21 and miR-
145 were chosen as key microRNAs with
opposing functions in breast cancer, reflecting
oncogenic and tumor-suppressive signaling,
respectively. Assessing these genes and
microRNAs together provides a broader view
of whether green-synthesized gold
nanoparticles influence interconnected
pathways involved in stemness, apoptosis, and
tumor progression, thereby offering insight into
their potential molecular mechanisms of action
(5-8). Despite growing interest in green-
synthesized GNPs, their combined effects on
these molecular regulators remain poorly
characterized. Therefore, this study examined

whether walnut shell-derived GNPs could alter
the expression of OCT4, NANOG, P53, miR-
21, and miR-145 in MCF-7 breast cancer cells.

Materials and Methods

- Synthesis of Gold NPs

Gold nanoparticles (GNPs) were synthesized
from walnut shell extract using a green
synthesis approach and characterized by
transmission electron microscopy (TEM) and
X-ray diffraction (XRD), as described
previously by Salandari Rabori et al. (4). The
procedures for walnut shell extraction,
nanoparticle  synthesis, purification, and
physicochemical characterization are provided
in detail in that publication; therefore, they are
not repeated here. Human MCF-7 breast cancer
cells were maintained in RPMI-1640 medium
supplemented with 10% fetal bovine serum, L-
glutamine, penicillin, and streptomycin at 37°C
in a humidified atmosphere containing 5% COx.
Once the cells reached the appropriate
confluence, they were exposed to the GNP
concentrations predetermined in the previous
study, while untreated cells served as the
control group.

- Cell Viability Assay (MTT Assay)

Cell viability and ICso values were determined
in our previously published study using the
MTT assay (4). The complete experimental
protocol, including the concentration range
tested, dose-response analysis, and ICso
calculation, is described in that report. Based on
those results, the ICso values obtained after 48 h
(2.5 mM) and 72 h (2.0 mM) were selected for
the gene and microRNA expression analyses
performed in the present study.

- Real-Time PCR

Total RNA was isolated from control and
treated cells using the RNeasy Mini Kit,
followed by reverse transcription to synthesize
cDNA. Expression of OCT4, NANOG, P53,
miR-21, and miR-145 was quantified by SYBR
Green real-time PCR. Relative expression
levels were calculated using the 2 AACt
method with B-actin and U6 small nuclear RNA
as internal controls for mRNA and microRNA,
respectively. All experiments were performed
in triplicate. Data are presented as mean = SEM
and were analyzed using two-way ANOVA
followed by Tukey's post hoc test, with P <0.05
considered statistically significant. The primer
sequences used for quantitative real-time PCR
are listed in Table 1.
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Table 1: Indicates the sequences of the employed primers in this study.
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Gene Forward (5'—3") Reverse (5'—3")

OCT4 CCTGAAGCAGAAGAGGATCACC AAAGCGGCAGATGGTCGTTTGG

NANOG CTCCAACATCCTGAACCTCAGC CGTCACACCATTGCTATTCTTCG

p53 TGAAGCTCCCAGAATGCCAG GCTGCCCTGGTAGGTTTTCT

Mir-145 GTCCAGTTTTCCCAGGAATC AGAACAGTATTTCCAGGAAT

miR-21 UAGCUUAUCAGACUGAUGUUGA CGAGGAAGAAGACGG AAGAAT

B-actin CACACCTTCTACAATGAGC ATAGCACAGCCTGGATAG

U6 CTCGCTTCGGCAGCACA ACCGAGGATCCAAGCTGACTC
Results gradually declined as nanoparticle

-Effect of Gold Nanoparticles on Cell
Viability

Treatment with walnut shell-derived gold
nanoparticles (GNPs) reduced the viability of
MCF-7 cells in both a concentration- and time-
dependent manner (Figure 1). Cell survival
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concentration increased, and the inhibitory
effect was more evident after 72 h than after 48
h. Dose-response analysis identified ICso values
of approximately 2.5 mM at 48 h and 2.0 mM
at 72 h, indicating greater cytotoxicity with
prolonged exposure (Table 2).
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Figure 1: Effect of GNPs on MCF-7 cell viability (P < 0.05)

Table 2: GNP ICso values in MCF-7 cells

I1C50 (mM)

IC50 48h

IC50 72h

GNPs

2.5 mM

2 mM

-Effect of GNPs on Gene and microRNA
Expression

After 48 h of treatment, GNP-exposed cells
showed significant changes in the expression
levels of OCT4, NANOG, P53, miR-21, and
miR-145 compared with untreated controls

(Figure 2). Specifically, OCT4, NANOG, and
miR-21 expression levels were decreased,
whereas P53 and miR-145 expression levels

were increased following GNP exposure (P <
0.05).
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Figure 2: Gene expression in MCF-7 cells after 48 h of GNP treatment at ICso (P < 0.05).
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A similar expression pattern was observed after
72 h of treatment (Figure 3). OCT4, NANOG,
and miR-21 remained downregulated, while
P53 and miR-145 continued to show increased
expression compared with the control group (P

< 0.05). These findings indicate a consistent
pattern of molecular changes across the two
evaluated time points under the experimental
conditions used.
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Figure 3: Gene expression in MCF-7 cells after 72 h of GNP treatment at ICso (P < 0.05).

The reduction in cell viability was accompanied
by coordinated alterations in the expression
profile of the investigated genes and
microRNAs at both time points. GNP-treated
cells demonstrated reduced expression of the
stemness-associated markers OCT4 and

NANOG, along with decreased miR-21 levels
and increased expression of P53 and miR-145.
Together, these results suggest that GNP
exposure is associated with changes in
molecular markers of stemness and tumor-
suppressive responses in MCF-7 cells.
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Discussion

Walnut  shell-derived gold nanoparticles
reduced the viability of MCF-7 cells, and this
effect became more pronounced with prolonged
exposure. The lower ICso observed at 72 h
suggests that the biological response to GNPs
increased over time. Similar findings have been
reported in previous studies, in which the
anticancer activity of gold nanoparticles varied
with  their  physicochemical properties,
synthesis method, treatment duration, and the
type of cancer cells examined (2,4,5).

Changes in gene expression paralleled the
reduction in cell viability. Treatment
consistently lowered the expression of OCT4
and NANOG, two transcription factors
involved in maintaining stem cell-like
characteristics. At the same time, miR-21
expression declined, whereas P53 and miR-145
were upregulated. Together, these findings
indicate that GNP exposure influences several
molecular regulators linked to breast cancer
biology rather than affecting a single pathway.
Although these molecular changes are
encouraging, they should be interpreted with
caution. The present work evaluated
transcriptional responses only; alterations in
gene expression do not necessarily reflect
corresponding changes at the protein or
functional levels. Confirmation by apoptosis
assays, protein analysis, and stemness-related
functional studies would strengthen these
observations. Another limitation is that only
one breast cancer cell line was investigated,
which limits the generalizability of the findings.

Conclusion

The simultaneous downregulation of stemness-
associated markers and upregulation of tumor-
suppressive regulators suggest that GNP
exposure is associated with changes in
stemness-associated molecular markers and
tumor-suppressive responses. However, further
studies, including protein-level validation,
apoptosis assays, cancer stem cell-related
functional analyses, and evaluation in
additional cellular and in vivo models, are

required to determine the functional
significance of these changes and clarify the
underlying mechanisms.
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Table 1: Indicates the sequences of the employed primers in this study.
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Figure 1: Effect of GNPs on MCF-7 cell viability (P < 0.05).
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Figure 2: Gene expression in MCF-7 cells after 48 h of GNP treatment at ICso (P < 0.05).
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Figure 3. Gene expression in MCF-7 cells after 72 h of GNP treatment at ICso (P < 0.05).
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