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Abstract

: Nanoparticles are increasingly recognized as potential anticancer
agents in cancer treatment research. This study aimed to synthesize zinc oxide
nanoparticles from Lactobacillus plantarum biofilms and assess their impact on the
expression of the P53 and NF-kB genes in colorectal cancer epithelial cells.

: Following the confirmation and isolation of zinc oxide
nanoparticles from Lactobacillus plantarum biofilm, HT-29 cells were cultured with
varying concentrations of these nanoparticles for 24 hours. The MTT assay was
utilized to evaluate the toxicity of the isolated nanoparticles. The optimal
concentration was determined based on these results, after which the expression
levels of P53 and NF-kB mRNA were analyzed.

: The MTT assay indicated that a concentration of 40 pug/ml had the highest
lethality after 24 hours. Notably, P53 expression significantly increased in the
treatment group compared to the control group (P < 0.0001), while NF-«xB
expression significantly decreased at a concentration of 10 pg/ml (P < 0.001).
Furthermore, the cell count in the treated group showed a significant reduction
relative to the control group (P < 0.0001)

: 1 ZnO nanoparticles induce lethality in HT-29 cells and enhance P53
expression, thereby suppressing tumor cell proliferation. These findings provide a
foundation for further research and underscore the potential of zinc oxide
nanoparticles in the pharmaceutical industry and colorectal cancer treatment.
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Introduction

Cancer is characterized by the uncontrolled
proliferation and growth of cells, which can invade
surrounding tissues and metastasize to other body
parts, leading to tumor formation. Recent statistics
indicate that cancer is the second leading cause of
death globally, following cardiovascular diseases.
Colorectal cancer is a prevalent malignancy
responsible for significant mortality worldwide,
ranking as the second most common cancer in men
after lung cancer. Traditional treatment modalities,
including surgery, chemotherapy, and radiotherapy,
often result in collateral damage to healthy cells,
prompting researchers to explore novel therapeutic
approaches with reduced side effects. The utilization
of nanoparticles in cancer treatment has gained
considerable attention in recent years.

Nanoparticles possess a high surface area-to-
volume ratio, enhancing their therapeutic potential.
The application of ZnO and other metal
nanoparticles in biomedical and oncological
contexts has become increasingly significant due to
their unique chemical and physical properties. Their
size, comparable to biological molecules, enables
them to penetrate cells and interact with biological
systems. Recent investigations have demonstrated
the anticancer efficacy of ZnO nanoparticles,
positioning them as promising candidates for cancer
therapy.

The P53 gene, located on the short arm of
chromosome 17, is a crucial tumor suppressor. It is
the most frequently mutated gene in human cancers,
with approximately 50% of tumors harboring
mutations in P53. These mutations often result in the
inactivation of both alleles during an individual's
lifetime, contributing to various cancers, including
lung, breast, and colorectal malignancies. In some
cases, one mutated allele is inherited, while the other
becomes mutated by age 25, leading to cancer
development.

Nuclear factor-xB (NF-«kB) was first identified
as a regulator of « light chain gene expression in rat
B lymphocytes in 1986. Subsequent studies have
evaluated the mechanisms and effects of NF-«B as
an inducible nuclear transcription factor that plays a
pivotal role in both pathological and physiological
processes. NF-kB regulates the expression of
numerous genes involved in growth, differentiation,
immune responses, inflammation, and apoptosis.
Given the critical roles of P53 and NF-«B in cancer,
this study aims to evaluate the effects of ZnO
nanoparticles derived from Lactobacillus plantarum
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biofilm on the expression of these genes in
colorectal cancer epithelial cells.

Methodology

This study was conducted in the Cellular and
Molecular Department of the Islamic Azad
University of Saveh under project code 1400.123.3.
The HT-29 cell line was prepared by the Department
of Biotechnology (cell bank) in the central laboratory
of the Islamic Azad University of Saveh. The cells
were cultured in a filtered flask containing 90 cc of
RPMI 640 medium (Gibco, USA), enriched with
10% fetal bovine serum (FBS) and 100 pL of
antibiotics (penicillin 0.01 pg/uL and streptomycin
0.01 pg/uL) in an incubator with 5% CO, at 37°C.
Following this, the cells were passaged and separated
based on calculations related to seeding density and
added to 3-cm plates after counting.

MTT assay

The MTT assay was employed to assess the cell
viability percentage and identify the optimal
concentration for treatment with ZnO nanoparticles.
Approximately 5x10™4 cells (counted using Trypan
blue dye) were cultured in 96-well plates and treated
with 5, 10, 20, and 40 pg/ml of ZnO nanoparticles for
24 hours.

Percentage of live cells =(Average absorbance of
treatment sample/Average absorbance of control
sample)x100

Cell Culture in the Presence of ZnO Nanoparticles
Following the initial culture and cell counting, 3x105
HT-29 cells were transferred to 3-cm plates and
divided into two groups: Group 1 received HT-29
cells with 10 pg/ml ZnO nanoparticles, while Group
2 was the control group (HT-29 only). RNA
extraction and real-time PCR analysis were
performed after 24 hours of culture.

Primer Design and Quality Analysis Using
Agarose Gel

Primers were designed for two exons using Oligo 7
software after obtaining the exon sequences from the
Ensembl website. The accuracy of the primers was
evaluated using the BLAST tool on the NCBI
website.

Real-Time PCR Analysis

All biological samples were analyzed in triplicate
using the Rotor-Gene Q 2.3.5 real-time PCR machine
(Rotorgene Co.). The protocol involved an initial
separation of cDNA strands at 95 °C for 10 minutes,
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followed by 40 cycles of amplification at 95 °C for 10
seconds, 60 °C for 20 seconds, and 72 °C for 20
seconds. Master Mix and SYBR Green kits from
Yekta Tajhiz Azma Co. were utilized. A standard
curve was generated based on concentration gradients
to normalize the cDNA, and melting curves and CT
values were analyzed for each sample. The results
were measured using the delta-delta Ct method and
log2 transformation, with statistical analyses
performed using the t-test to assess differences
between groups.

Results

MTT Assay: This assay determined the 50%
lethal concentration, which was found to be 40
pg/mL after 24 hours of treatment. Based on the
MTT assay results, a concentration of 10 pg/mL
was selected for subsequent gene expression
analysis.

Cell Count: Twenty-four hours post-culture
with ZnO nanoparticles, the number of HT-29
cells in the treated group was significantly lower
than in the control group (P < 0.05).
Morphologically, the treated cells exhibited
characteristics indicative of apoptosis.

RNA Extraction: RNA from both control and
treated samples was subjected to electrophoresis
to evaluate quality and quantity. In this study,
RNA extraction was successful and suitable for
cDNA synthesis. The extracted RNAs were
quantified using NanoDrop, yielding an average
OD of 540 ng/ul (range: 220-830 ng), with an
OD ratio of 1.96. The P53 expression level was
significantly higher in the ZnO nanoparticle-
treated group compared to the control group (P <
0.0001). In contrast, NF-kB expression
significantly decreased in the treated group (P <
0.0001).

Discussion

The application of nanoparticle technology in
medical sciences presents a promising avenue for
effectively diagnosing and treating various
diseases. The current study demonstrated that
treatment with 10 ug/mL of ZnO nanoparticles
decreased cell numbers and increased P53
expression in HT-29 cells. Previous studies have
reported that ZnO nanoparticles induce apoptosis
and cell death in cancer cells. For instance, Ding-
Ping Bai (2017) found that ZnO nanoparticles
caused apoptosis and autophagy in breast cancer
cells by damaging DNA and modulating the
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expression of apoptosis-related genes. Their
findings align with the results of the present
study. Additionally, Selvakumari et al. (2015)
reported that 30 ug/mL of ZnO nanoparticles
caused the death of 50% of MCF-7 cells in breast
cancer. Mohd Javed Akhtar et al. (2012) also
indicated that 2ZnO nanoparticles caused
apoptosis in cancer cells through reactive oxygen
species (ROS) by increasing P53 expression and
activation. Another study highlighted the strong
antitumor effects of ZnO nanoparticles on P98G
glioma cancer cells, noting that they did not
exhibit toxicity toward normal HEK 293 cells.
Furthermore, ZnO particles induced apoptosis in
this line of cancer cells due to their genotoxic
effects.

The present study also revealed that treatment
with 10 pg/mL of ZnO nanoparticles derived
from Lactobacillus plantarum causes a decrease
in NF-kB expression in colorectal cancer
epithelial  cells. Min-Ho Kim (2015)
demonstrated that ZnO nanoparticles suppressed
NF-kB expression in LPS-stimulated cells.
Moreover, Mahla Deylam et al. (2021) reported
that concentrations of 5 and 10 pg/mL of ZnO
nanoparticles were safe and maintained
nanoparticle size while inhibiting DNA synthesis
and inducing apoptosis in cancer cells via P53
and NF-xB pathways. Rizwan Wahab et al. also
noted that ZnO nanoparticles increased P53
expression  threefold and enhanced the
expression of apoptosis-related genes in MCF-7
cancer cells. Devi Subramaniam Vimala et al.
(2019) reported that ZnO nanoparticles inhibited
the proliferation of HT-29 cancer cells in a dose-
dependent manner. Studies suggest that ZnO
nanoparticles can be absorbed through the
respiratory tract and intestinal wall, facilitating
apoptosis and the elimination of cancer cells by
activating pathways that produce reactive
oxygen species or by modulating apoptosis-
related gene expression.

Conclusion

This study confirms the toxic and lethal effects of
ZnO nanoparticles on colorectal cancer epithelial
cells. Additionally, ZnO nanoparticles enhance P53
expression while decreasing NF-kB expression. The
findings of this research, alongside existing literature,
support the potential of ZnO nanoparticles in the
treatment of colorectal cancer. These results may be
utilized as a basis for further clinical investigations.
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