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Abstract

Phytochemicals, naturally occurring compounds in plants, have significant potential in modulating
microRNA (miRNA) expression, offering therapeutic options for cancer treatment with reduced side
effects and lower drug resistance. This study explores the relationship between phytochemicals, miRNA
expression, and cancer using a comprehensive bioinformatics approach. MiRNAs, short non-coding
RNAs, regulate gene expression by binding to the 3' untranslated region (3'UTR) of target genes,
playing pivotal roles in cancer biology. The objectives of this study were to identify cancer-associated
miRNAs regulated by phytochemicals, determine their target genes, and perform gene enrichment
analysis with network visualisation. A literature search using the terms "phytochemicals," "miRNA,"
and "cancer" was conducted, with miRNAs selected based on their association with phenolic
compounds, carotenoids, alkaloids, and organosulfur compounds. Bioinformatics tools such as DIANA
TOOLS and TargetScan were employed to identify miRNA target genes, while STRING and Cytoscape
facilitated the construction of protein-protein interaction networks and gene enrichment analysis. The
study identified 42 miRNAs regulated by phytochemicals, linked to 1,951 target genes. Among them,
hsa-miR-34a, regulated by curcumin, resveratrol, and genistein, emerged as a promising candidate for
colorectal, ovarian, and pancreatic cancers. This miRNA influences critical processes such as cell
differentiation, division, and apoptosis, and is involved in pathways like p53, MAPK and PI3K-Akt
signalling. These findings highlight hsa-miR-34a’s potential as a therapeutic target for cancer treatment.
Future research should focus on experimentally validating these predictions and integrating additional
databases and bioinformatics tools to enhance the reliability and scope of the results. Overall, this study
provides valuable insights into the molecular interactions between phytochemicals, miRNAs, and
cancer, paving the way for the development of targeted therapies for this complex disease.
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Introduction
Phytochemicals, secondary metabolites that naturally occur in plants, have gained substantial attention
because of their chemo-preventive properties, primarily through modulation of miRNA expression.
Among these, the anticancer properties of polyphenols, alkaloids, organosulfur compounds and
terpenoids are particularly notable. Curcumin and resveratrol, two well-identified polyphenols,
modulate oxidative stress and inflammation pathways, exerting significant anti-inflammatory and
antioxidant effects (Kang, 2019). These natural compounds have been shown to affect the expression
of several cancer associated miRNAs as reported by Debnath et al. (2017). Several phytochemicals can
modulate oncogenic miRNAs by upregulating tumour-supressing miRNA or downregulating oncogenic
ones, thereby affecting downstream target genes involved in cell proliferation. Flavonoids, known for
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their antioxidant properties, influence miRNA regulation, which connects to cancer-related proteins,
tumour suppressor genes, and oncogenes. This regulation can inhibit cancer cell proliferation, enhance
drug sensitivity, or prevent metastasis and angiogenesis, highlighting the targeted role of flavonoids in
controlling cancer development (Singh et al., 2021). Phytochemicals exhibit anti-carcinogenic effects,
often exerting their effects by altering miRNA expression epigenetically, thus preventing tumour
initiation, progression or metastasis (Samec et al., 2019). Beyond regulating miRNA regulation, these
compounds sensitize cancer cells, including resistant ones, to standard chemotherapy, showcasing their
potential as therapeutic agents (Srivastava et al., 2015; Kapinova et al., 2018; Samec et al., 2019).
MicroRNAs (miRNA), small non-coding RNA molecules, play a critical regulatory role in gene
expression, functioning as essential components in diverse cellular processes, including cancer. In
tumour initiation and progression, miRNAs act as either oncogenic miRNA (oncomiRs) or tumour
suppressive (anti-oncomiRs), influencing critical pathways such as metastasis, apoptosis, and tumour
response to therapies (Otmani & Lewalle, 2021; Otmani et al., 2022). Cancer, a complex disease
characterised by uncontrolled growth and spread of abnormal cells, remains one of the most significant
global healthcare challenges (Phuah and Nagoor, 2014). Advances in genomics and high-throughput
technologies have provided new avenues for understanding cancer biology at the molecular level. These
development hold promise for personalized and targeted therapies, offering hope to patients and
clinicians alike. However, cancer's complexity extends beyond genetic mutations, encompassing
intricate regulatory networks and interactions among genes, miRNAs, and environmental factors.
Despite growing evidence linking miRNAs to cancer regulation and the anticancer effects of
phytochemicals, the precise mechanisms remain poorly understood (Kang, 2019; Son et al., 2020;
Javaid et al., 2022). The primary challenge addressed in this study is the significant side effects and
limitation of current systemic anticancer therapies, such as chemotherapy, which harm both cancerous
and healthy cells and often lead to drug resistance. Findings from this study will clarify the intricate
relationships between phytochemicals, miRNAs, and cancer using an integrated bioinformatics
approach. By examining their influence on miRNA, this study aims to enhance precision medicine,
leading to individualized treatment plans and novel strategies for cancer prevention and therapy.

Methods

Screening and Retrieval

An extensive search was conducted using Scopus to identify relevant research publications from all
years. The search strategy employed the three primary keywords: (1) Phytochemicals, (2) miRNA, and
(3) Cancer. Additional targeted searches included specific combinations, such as “Genistein and miRNA
in cancer, Lycopene and miRNA in cancer,” and others. This approach ensured coverage of diverse
phytochemicals, including phenolic compounds, carotenoids, alkaloids, and organosulfur compounds.
This initial search yielded 106 articles, which were screened based on their titles and abstracts. A
subsequent search using additional keywords increased the total to 180 articles. Articles that did not
meet inclusion criteria, such as those lacking original data or focusing solely on non-human miRNAs,
were excluded. The inclusion criteria ensured that only English-language articles presenting primary
data on phytochemicals, miRNAs, and cancer were selected. This refinement resulted in 27 relevant
articles. To further ensure the relevance and quality of the data, full-text reviews were conducted to
identify cancer-associated miRNAs modulated by phytochemicals.

Identification of miRNA

Based on the classification of phytochemicals into phenolic compounds, carotenoids, alkaloids, and
organosulfur categories, associated miRNAs were identified through a literature-based approach.
Emphasis was placed on overlapping miRNAs shared between at least two phytochemical groups, such
as miR-34a, miR-21 and hsa-let7-a. These miRNAs were selected for further analysis due to their
established roles in cancer biology and their modulation by phytochemicals.

Identification of Target Genes

The identified miRNAs were analysed using two different bioinformatics tools: DIANA TOOLS and 2)
TargetScan. DIANA TOOLS employed a threshold of 0.7. to identify high-confidence target genes,
while TargetScan employed context ++ scores and conserved site prediction as part of its predictive
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algorithms to validate miRNA-mRNA target interactions (Agarwal, 2015). To enhance reliability, only
overlapping target genes identified by both tools were included in subsequent analysis. This process
yielded 1,951 target genes.

Gene ontology and pathway enrichment analysis.

Gene Ontology (GO) categories, including biological processes (BP), molecular functions (MF), and
cellular components (CC) were identified using STRING and Cytoscape. STRING facilitated the
visualization of protein-protein interaction (PPI) networks, highlighting key interactions among target
genes (Szklarczyk et al., 2018). Cytoscape enabled clustering and modular analysis through MCODE
plug-in. Parameters included a degree cutoff > 2, node score cutoff > 0.2, K-score > 2, and max depth
=100, ensuring robust identification of functional gene clusters. Pathway enrichment analysis was
performed using KEGG pathways, linking target genes to critical biological pathways such as PI3K-
Akt, MAPK, and p53 signalling. This integrated approach provided comprehensive insights into the
molecular mechanisms underlying phytochemical-miRNA-cancer interactions.

Result and Discussion

Article screening and Identification of miRNAs Associated with Phytochemicals and Cancer
This study analysed 180 articles retrieved from the Scopus database, identifying 30 articles related to
miRNAs and cancer. A total of 42 miRNAs were categorized into four groups: phenolic compounds
(27), carotenoids (6), alkaloids (1), and organosulfur compounds (8). Five miRNAs; hsa-miR-34a, hsa-
miR-145, hsa-miR-21, hsa-let-7a, and hsa-miR-20a overlapped across different phytochemical groups
or specific subcategories within a single phytochemical group, such as flavonoids and phenolic acids.
Bioinformatics tools like DIANA Tools, TargetScan, STRING, and Cytoscape were used to identify
5066 target genes (DIANA) and 4637 (TargetScan), with 1951 overlapping genes (Figure 1). PPI
network analysis identified 31 protein clusters, with 13 clusters for hsa-miR-34a-5p while hsa-miR-21-
5p, hsa-let-7a-5p, and hsa-miR-20a had six, two, and ten clusters respectively (Figure 2- Figure 5).
Gene ontology and pathway analysis of the top clusters revealed insights into miRNA regulation and
its biological impacts on cancer-related processes. Table 1 shows the list of phytochemicals and
associated miRNA. The phytochemicals involved were identified to be phenolic compounds (curcumin,
quercetin, ECGG, resveratrol, genistein, ellagic acid), carotenoids (lycopene), alkaloids (3,3'-
Diindolylmethane (DIM)), organosulfur (sulforaphane). Besides, phytochemicals for selected are
shown Table 2.
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Figure 1. The summary of a flow chart for miRNAs identifies and target genes associated with cancer and
phytochemicals.
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Table 1: Summary of selected study of miRNAs associated with phytochemicals and cancer.

Category Phytochemicals miRNAs Cancer Types Source
Phenolic Resveratrol miR-432-5p Osteosarcoma cancer (Liu et al., 2023)
Compounds - ; -
miR-20a Squamous cell carcinoma  (Elshafei et al., 2023)
miR-34a Ovarian cancer (Yao et al., 2021)
miR-520H Lung cancer (Yuetal., 2013)
Artepillin C, miR-143 Colon cancer (Kumazaki et al., 2014)
baccharin,
drupanin
Ellagic acid miR-125 Human Tongue (Lo et al., 2020)
Squamous Carcinoma
SAS Cells (Head and
Neck Cancer)
Curcumin miR-34a Colorectal cancer (Roy et al., 2012)
Genistein miR-200a, miR- Ovarian cancer (Parker et al., 2009.)
141, miR-200c,
miR-200b, miR-
199a, miR-140,
miR-21,  miR-
203, miR-205
miR-1275 Hepatocellular carcinoma (Yang et al., 2022)
(HCO)
miR-29b Non-small cell Iung (Sacko etal., 2019)
cancer (NSCLC)
miR-let-7d Pancreatic cancer (Asama et al., 2019)
miR-451 Nonalcoholic (Gan et al., 2019
Steatohepatitis (NASH),
Liver cancer
miR-145 Retinoblastoma (Eye (Weietal., 2017)
cancer)
miR-155 Metastatic breast cancer (De La Parra et al., 2016)
miR-23b Breast cancer (Avci et al., 2015)
miR-1260b Prostate cancer (Hirata et al., 2014)
miR-1260b Renal cell carcinoma (Hirata et al., 2013)
miR-574-3p Prostate cancer (Chiyomaru et al., 2013)
miR-23b-3p Renal cell carcinoma (Zaman, Thamminana, et al.,
2012)
miR-34a Pancreatic cancer (Xia et al., 2012)
Quercetin miR-let7-a Pancreatic ductal (Appari et al., 2014)
adenocarcinoma (PDA)
EGCG miR-let7-a Pancreatic ductal  (Appari et al., 2014)
adenocarcinoma (PDA)
Carotenoids ~ Lycopene miR-145, let-7, Prostate cancer (Wan et al., 2023)
miR-106a, miR-
204, miR-98
miR-20a Squamous cell carcinoma  (Elshafei et al., 2023)
Alkaloids 3,3"- miR-146a Pancreatic cancer (Li et al., 2010)
Diindolylmethane
(DIM)
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Continue. Table 1

Category Phytochemicals miRNAs Cancer Types Source

Organosulfur  Sulforaphane miR-34a Prostate and colon cancer  (Osorio-Pérez et al., 2023)
miR-1247-3p Cervical cancer (Luo et al., 2021)
miR-15b-5p Colon cancer (Gasparello et al., 2020)
miR-30a-3p Pancreatic cancer (Georgikou et al., 2020)
miR-124-3p Nasopharyngeal Cancer (Lietal., 2018)
miR-19 Lung cancer (Zhu et al., 2017)
miR-let7-a Pancreatic ductal  (Appari et al., 2014)

adenocarcinoma (PDA)

miR-3919 Prostate cancer (Zhang et al., 2024)

Table 2: Overlapping miRNAs of phytochemicals by themes

Phenolic Carotenoids Organosulfur
compounds
miR-34a v N
miR-145 v v
miR-21 v ol
miR-let-7a \ \/
miR-20a N N

Identification of Target Genes

For miRNA target gene identification, DIANA tools and TargetScan were chosen as the bioinformatics
tools. These tools help identify potential target genes of miRNAs through various prediction algorithms
and databases. We selected these tools to identify duplicate target. From both tools, 1951 overlapped
genes were identified (Table 3). The utilisation of both tools signifies consensus, indicating that many
tools or databases concur on the target genes (Vlachos et al., 2015). These genes were subsequently
employed for study of Protein-Protein Interaction networks, gene ontology, and pathway enrichment
analysis. Table 3 shows the summarisation of total of target genes for five miRNAs in associated with
phytochemicals and cancer.

Table 3: Total target gene for each tool and total target genes for both tools

miRNA DIANA Tools TargetScan Duplicate both

tools

hsa-miR-34a-5p 1108 754 467
hsa-miR-145-5p 312 907 87

hsa-miR-21-5p 521 384 208

hsa-miR-let7-a-5p 1051 1207 156

hsa-miR-20a-5p 2074 1385 1033

Total 5066 4637 1951

Protein—Protein Interaction Network (PPI)

The selected target genes of miRNAs were exported into STRING online database (https://string-
db.org/) which-specifically include hsa-miR-34a-5p (467 genes), hsa-miR-145-5p (87 genes), hsa-miR-
21-5p (208 genes), hsa-miR-let-7a-5p (156 genes), and hsa-miR-20a-5p (1033 genes). The results were
then exported from STRING to Cytoscape for protein clustering analysis. A node score cutoff of 0.2
was applied to focus on nodes with moderate to high relevance. By setting K-core > 2, ensuring more
similarity of the mechanisms between each two nodes in the subgraph by connecting them at least to
another node (Ameri et al., 2022; Wang et al., 2019). It can assist in identifying biologically relevant
clusters of genes when analysing gene expression data or networks involving disease. A total of 13
clusters were discovered in hsa-miR-34a-5p, while hsa-miR-20a, hsa-miR-21-5p, and hsa-miR-let-7a-
Sp had ten, six, and two clusters, respectively (Figure 2 —5).
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Figure 2: Protein-Protein Interaction network for hsa-miR-34a-5p with thirteen clusters.
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Figure 3: Protein-Protein Interaction network for hsa-miR-21-5p with six clusters.
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Figure 4: Protein-Protein Interaction network for hsa-let-7a-5p with two clusters.

177



Journal of Academia Vol. 13, Issue 2 (2025) 171 — 186

Node Fill Color MCODE:Clusters (3)

] pe
(] .

0
e
=
] ’

2

Figure 5: Protein-Protein Interaction network for hsa-miR-20a-5p with ten clusters.

Gene Ontology and Pathway Enrichment Analysis of miRNAs Target Genes

Clusters resulting from the PPI network were further analysed by selecting functional enrichment
analysis in Cytoscape and limited to biological processes (BP), molecular functions (MF), cellular
components (CC), and KEGG pathways. We detected thirteen clusters for hsa-miR-34a-5p but selected
only the three most significant. No clusters were identified for hsa-miR-145-5p. For hsa-miR-21-5p,
six clusters were detected, with the top three selected. Two clusters were discovered for hsa-miR-let-
7a-5p. For hsa-miR-20-5p, ten clusters were identified, but only the top three were chosen for further
investigation of functional enrichment and KEGG pathways (Supplementaryl and 2). Cluster 1 of miR-
34a and miR-21 was significantly important due to its involvement in critical biological processes such
as, regulation of cell population proliferation, positive regulation of transcription by RNA polymerase
II, and regulation of cell differentiation. Additionally, proteins in Cluster 1 are involved in the
transcription regulator complex and DNA-binding transcription activator activity. Moreover, cluster 2
was associated with the Notch signalling pathway and the G1/S transition of the mitotic cell cycle.
Cluster 2 proteins were localised at the transcription regulator complex, and they primarily operate
within the nucleus. Meanwhile, cluster 3 was involved in the regulation of localisation, regulation of
transport, and cell-cell signalling. Nevertheless, no gene ontology was identified for hsa-miR-145-5p.

Hsa-miR-34a

Hsa-miR-34a is a tumour suppressor miRNA, and its expression is epigenetically silenced in various
human cancers (Chou et al., 2020). Hsa-miR-34a-5p was found to form thirteen clusters (Figure 2) and
showed involvement in many crucial biological processes and pathways, indicating its extensive role in
cancer-related processes (Supplementary 1). From the 13 clusters, clusters 1, 2, and 3 are the most
important. These clusters highlight the involvement of miR-34a in the positive regulation of
transcription, cell differentiation, and the PI3K-Akt signalling pathway. The key genes from cluster 2
include PDGFRA, CDK6, MAP2K 1, MET, BCL2, ROCK1, CCNE2, and NOTCHI1. Besides, genes in
cluster 1 such as SOX4, LEF1, and KLF4 play vital roles in biological processes. SOX4 is a
transcription factor with vital roles in embryonic development, cell fate decisions, differentiation, and
oncogenesis (Lu et al., 2017; Penzo-Méndez, 2010). It regulates stemness, progenitor development, and
epithelial-mesenchymal transition (EMT), contributing to tumour growth, metastasis, and progression
in cancers such as nasopharyngeal carcinoma, melanoma, and bladder carcinoma (Shi et al., 2015;
Jafarnejad et al., 2010; Aaboe et al., 2006; Liu et al., 2016; Xiao et al., 2020; Zhang et al., 2022). SOX4
interacts with transcription factors like neurogenin 3 and participates in transcriptional networks linked
to myeloid leukemia and mammary tumours, highlighting its multifaceted role in cellular and cancer
biology (Zhang, et al., 2022; Roukens et al., 2021; Kuwahara et al., 2012; Aue et al., 2011). Besides,
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miR-34a-5p plays a crucial role in various cancers by regulating cell proliferation, apoptosis, and
tumour progression through its target genes. For instance, it enhances p21 expression, induces
senescence, and suppresses EMT and proliferation in non-small cell lung cancer (Gupta et al., 2019;
Chou et al., 2020). In colorectal cancer, curcumin and AKBA upregulate miR-34a, leading to the
suppression of CDK6, BCL2, and NOTCHI, thereby inhibiting cell growth and inducing apoptosis
(Toden et al., 2015; Roy et al., 2012). Similarly, genistein and resveratrol upregulate miR-34a in
pancreatic and ovarian cancers, targeting Bcl-2 and Notch-1 to suppress tumour progression and
enhance apoptosis (Xia et al., 2012; Yao et al., 2021). Furthermore, miR-34a sensitizes cancer cells to
treatments, such as resveratrol in ovarian cancer, by modulating anti-apoptotic pathways (Yao et al.,
2021). The modulation of these genes by phytochemicals like curcumin, resveratrol, and genistein offers
potential therapeutic avenues for these cancers.

Hsa-miR-21

miR-21-5p is one of the most consistently overexpressed oncomiRs, playing critical roles in cancer by
regulating cell proliferation, invasion, angiogenesis, apoptosis, and tumour metastasis (Miiller et al.,
2020; Sharma and Gupta, 2020). It influences key pathways such as the MAPK, PI3K-Akt, and Notch
signalling pathways, with target genes like JAG1, SMAD7, and TGFBR2 driving cancer progression.
For example, JAG1 promotes cancer cell survival and metastasis through Notch activation, correlating
with poor survival in lung and other cancers (Li et al., 2014; Chang et al., 2016). miR-21-5p has been
linked to various cancers, including breast cancer (activating PI3K-Akt signalling for tumour growth),
hepatocellular carcinoma (targeting CDK6 to promote proliferation), pancreatic cancer (as a biomarker
for early detection), and colorectal cancer (driving tumour development via key signalling pathways)
(Jiang et al., 2020; Lu et al., 2020; Qu et al., 2017; Falzone et al., 2018). Phytochemicals modulate miR-
21-5p expression, offering therapeutic potential. Curcumin suppresses miR-21, reducing cancer
proliferation, invasion, and metastasis (Deng et al., 2016). Similarly, the combination of arctigenin and
quercetin enhances anti-cancer effects by downregulating miR-21 in prostate cancer (Wang et al., 2014).

Hsa-miR-let-7

miR-let-7a-5p is a well-known tumour suppressor miRNA that is under-expressed in many cancers,
including breast, lung, cervical, and bladder cancer. It plays a vital role in regulating key oncogenes and
cell cycle-related genes, such as CCND1, RB1, E2F2, and CDKN1A, which are pivotal in controlling
the G1/S phase transition (Arvanitis and Spandidos, 2008). Dysregulation of these genes leads to
disruptions in cell cycle regulation, contributing to cancer progression. For instance, overexpression of
CCNDI1 and loss of RB1 function result in uncontrolled cellular proliferation, promoting tumour growth
(El-Deiry et al., 2022). Additionally, let-7a has been shown to suppress oncogenes like RAS, further
highlighting its role in inhibiting tumour progression (Takamizawa et al., 2004). Phytochemicals such
as quercetin and genistein have been demonstrated to upregulate miR-let-7a expression, restoring its
tumour-suppressive functions. Quercetin modulates the expression of genes like CCND1, RB1, and
E2F2, thereby halting cell cycle progression and reducing tumour proliferation across various cancers,
including NSCLC, pancreatic cancer, and bladder cancer (Ahmed et al., 2021; Tummala et al., 2017).
Similarly, genistein influences miR-let-7a expression and targets pathways associated with cancer
survival, apoptosis, and proliferation. By upregulating miR-let-7a, genistein suppresses oncogenic
pathways, enhances apoptosis, and reduces tumour growth (Babashah et al., 2018).

Hsa-miR-20a

miR-20a-5p is a well-characterised oncomiR, part of the miR-17-92 cluster, known for promoting
cancer progression by targeting tumour suppressor genes and regulating critical signalling pathways
such as the PTEN/PI3K/AKT and p53 pathways (Tsuchiya et al., 2011; Petrocca et al., 2008).

It is overexpressed in various cancers, including lung, breast, gastric, and bladder cancers, where it
facilitates processes such as cell proliferation, inhibition of apoptosis, and dysregulation of the cell cycle.
Key genes regulated by miR-20a-5p include CASP9, CDKNI1A, E2F3, and CDK®6, which are central to
apoptotic regulation, cell cycle progression, and protein phosphorylation (Sohn et al., 2006; Liao et al.,
2021). For instance, miR-20a-5p promotes tumorigenesis by inhibiting CASP9, reducing programmed
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cell death, and by modulating CDKN1A, impacting the G1/S cell cycle transition. Phytochemicals such
as resveratrol and lycopene have demonstrated the ability to modulate miR-20a-5p expression,
providing therapeutic potential. Resveratrol, a polyphenol found in grapes, has a higher binding affinity
for miR-20a than lycopene, effectively reducing its expression and associated autophagic processes,
thereby inducing apoptosis in laryngeal squamous cell carcinoma cells (Elshafei et al., 2023). Similarly,
lycopene, a carotenoid from tomatoes, also downregulates miR-20a-5p, supporting apoptosis and
reducing cancer cell survival. This study explores the roles of miR-34a, miR-21, and let-7a in cancer
biology, focusing on their regulation by phytochemicals and their therapeutic potential. miR-34a acts
as a potent tumour suppressor, promoting cell cycle arrest and apoptosis by targeting genes such as
CDK6, BCL2, and MET. Its expression is restored by phytochemicals like curcumin, resveratrol, and
genistein, which suppress cancer progression. miR-21 influences key pathways like PI3K-Akt and
MAPK, regulating genes critical for proliferation and apoptosis (JAG1, SMAD7, TGFBR2) and is
modulated by phytochemicals such as curcumin and quercetin. Similarly, let-7a controls tumour
suppressor genes (CCND1, RB1, CDKN1A) and responds to quercetin and genistein. Although miR-
20a is vital in processes like apoptosis and cell cycle regulation, its interaction with phytochemicals
remains less explored, highlighting the need for further research. The study's focus on miR-34a, miR-
21, and let-7a reflects their well-established roles and documented modulation by phytochemicals,
providing a foundation for developing novel cancer therapies. However, the analysis is limited to
selected miRNAs and target genes, leaving room for future studies to map broader miRNA-gene
networks in cancer.

Conclusion

This study identifies phytochemicals that regulate miRNA expression in cancer and explores their
impact based on through in-silico analysis. Phytochemicals like curcumin, resveratrol, and genistein
were found to modulate key miRNAs such as hsa-miR-34a, miR-21, and let-7a, which are involved in
critical cancer-related pathways, including PI3K-Akt, MAPK, and JAK-STAT. These miRNAs
influence tumour-related processes such as proliferation, apoptosis, and metastasis, and may serve as
promising therapeutic targets. The analysis also reveals functionally relevant gene targets and protein
interaction networks that may inform the development of novel miRNA-based therapies. While these
findings provide valuable insights into the regulatory role of phytochemicals, further experimental
studies are needed to validate the predicted miRNA-mRNA target interactions and confirm their
therapeutic potential.

Acknowledgement/Funding
The authors would like to express their gratitude to the laboratory staff of the Biology Department, Faculty of
Applied Sciences, Universiti Teknologi MARA (UiTM) Pahang, Kampus Jengka, for their invaluable support and
assistance during this research. Their contributions to providing access to resources and facilities were
instrumental in the completion of this work. This research did not receive any specific grant from funding agencies
in the public, commercial, or non-profit sectors.

Author Contribution
Puteri Alia Husna conducted literature search and curated the data and prepared the original draft of the manuscript.
Syarifah Faezah Syed Mohamad supervised the research, guided the methodology, validated the findings, and
reviewed and edited the manuscript. Both authors have read and approved the final version of the manuscript for
submission.

Conflict of Interest
Authors declare no conflict of interest

Declaration on the Use of Generative Al
The authors acknowledge the use of ChatGPT (OpenAl) for language enhancement and Quillbot for grammar
checking in the preparation of this manuscript. These tools were used solely for improving the clarity and
readability of the text. No Al tools were used for generating scientific content, interpreting results, or making
intellectual contributions to the work.

180



Journal of Academia Vol. 13, Issue 2 (2025) 171 — 186

References

Aaboe, M., Birkenkamp-Demtroder, K., Wiuf, C., Serensen, F., Thykjer, T., Sauter, G. & Qrntoft, T. (2006). Sox4
expression in bladder carcinoma: clinical aspects and in vitro functional characterization. Cancer Research, 66(7),
3434-3442. https://doi.org/10.1158/0008-5472.can-05-3456

Agarwal, V., Bell, G. W., Nam, J. W., & Bartel, D. P. (2015). Predicting effective microRNA target sites in
mammalian mRNAs. elife, 4, ¢05005.

Ahmed, H. H., Aglan, H. A., Elsayed, G. H., Hafez, H. G., & Eskander, E. F. (2021). Quercetin offers
chemopreventive potential against breast cancer by targeting a network of signalling pathways. Research Journal
of Pharmacy and Technology, 14(5), 2829-2839. https://doi.org/10.52711/0974-360X.2021.00499

Ameri, M., Salimi, H., Eskandari, S., & Nezafat, N. (2022). Identification of potential biomarkers in hepatocellular
carcinoma: a network-based approach. Informatics in  Medicine  Unlocked, 28, 100864.
https://doi.org/10.21203/rs.3.rs-91501/v1

Appari, M., Babu, K. R., Kaczorowski, A., Gross, W., & Herr, 1. (2014). Sulforaphane, quercetin and catechins
complement each other in elimination of advanced pancreatic cancer by miR-let-7 induction and K-ras inhibition.
International Journal of Oncology, 45(4), 1391-1400. https://doi.org/10.3892/ij0.2014.2539

Arvanitis, D., & Spandidos, D. (2008). Deregulation of the G1/S phase transition in cancer and squamous
intraepithelial lesions of the uterine cervix: A case control study. Oncology Reports. 20(4), 751-760.
https://doi.org/10.3892/OR_00000070

Asama, H., Suzuki, R., Hikichi, T., Takagi, T., Masamune, A., & Ohira, H. (2019). MicroRNA let-7d targets
thrombospondin-1 and inhibits the activation of human pancreatic stellate cells. Pancreatology, 19(1), 196-203.
https://doi.org/10.1016/j.pan.2018.10.012

Aue, G., Du, Y., Cleveland, S., Smith, S., Davé, U., Liu, D., & Dunbar, C. (2011). Sox4 cooperates with pu.1
haploinsufficiency in murine myeloid leukemia. Blood, 118(17), 4674-4681. https://doi.org/10.1182/blood-
2011-04-351528

Avci, C. B., Susluer, S. Y., Caglar, H. O., Balci, T., Aygunes, D., Dodurga, Y., & Gunduz, C. (2015). Genistein-
induced mir-23b expression inhibits the growth of breast cancer cells. Wspolczesna Onkologia, 19(1), 32-35.
https://doi.org/10.5114/w0.2014.44121

Babashah, S., Bakhshinejad, B., Tahmasebi Birgani, M., Pakravan, K., & Cho, W. C. (2018). Regulation of
MicroRNAs by Phytochemicals: A Promising Strategy for Cancer Chemoprevention. Current Cancer Drug
Targets, 18(4), 410-424. https://doi.org/10.2174/1568009617666170623124710

Chang, W., Ho, B., Hsiao, Y., Chen, J., Yeh, C., Chen, H., & Yu, S. (2016). Jagl is associated with poor survival
through inducing metastasis in lung cancer. Plos One, 11(3), e0150355.
https://doi.org/10.1371/journal.pone.0150355

Chiyomaru, T., Yamamura, S., Fukuhara, S., Hidaka, H., Majid, S., Saini, S., Arora, S., Deng, G., Shahryari, V.,
Chang, 1., Tanaka, Y., Tabatabai, Z. L., Enokida, H., Seki, N., Nakagawa, M., & Dahiya, R. (2013). Genistein Up-
Regulates Tumor Suppressor MicroRNA-574-3p in Prostate Cancer. PLoS ONE, 8(3), e589209.
https://doi.org/10.1371/journal.pone.0058929

Chou, K., Chang, A., Tsai, T., Lin, Y., Chen, H., Ho, C., & Hwang, T. (2020). Microrna-34a-5p serves as a tumor
suppressor by regulating the cell motility of bladder cancer cells through matrix metalloproteinase-2 silencing.
Oncology Reports, 45(3), 911-920. https://doi.org/10.3892/0r.2020.7910

De La Parra, C., Castillo-Pichardo, L., Cruz-Collazo, A., Cubano, L., Redis, R., Calin, G. A., & Dharmawardhane,
S. (2016). Soy isoflavone genistein-mediated downregulation of miR-155 contributes to the anticancer effects of
genistein. Nutrition and Cancer, 68(1), 154—164. https://doi.org/10.1080/01635581.2016.1115104

181


https://doi.org/10.1158/0008-5472.can-05-3456
https://doi.org/10.52711/0974-360X.2021.00499
https://doi.org/10.21203/rs.3.rs-91501/v1
https://doi.org/10.3892/ijo.2014.2539
https://doi.org/10.3892/OR_00000070
https://doi.org/10.1016/j.pan.2018.10.012
https://doi.org/10.1182/blood-2011-04-351528
https://doi.org/10.1182/blood-2011-04-351528
https://doi.org/10.5114/wo.2014.44121
https://doi.org/10.2174/1568009617666170623124710
https://doi.org/10.1371/journal.pone.0150355
https://doi.org/10.1371/journal.pone.0058929
https://doi.org/10.3892/or.2020.7910
https://doi.org/10.1080/01635581.2016.1115104

Journal of Academia Vol. 13, Issue 2 (2025) 171 — 186

Debnath, T., Deb Nath, N. C., Kim, E., & Lee, K. (2017). Role of phytochemicals in the modulation of miRNA
expression in cancer. Food & Function, 8(10), 3432-3442. https://doi.org/10.1039/c7f000739f

Deng, Y., Verron, E., & Rohanizadeh, R. (2016). Molecular mechanisms of anti-metastatic activity of curcumin.
Anticancer Research, 36(11), 5639-5648. https://doi.org/10.21873/anticanres.11147

El-Deiry, W., Arnoff, T. E., Carneiro, B., Desouza, A., Amin, A., Safran, H., & McKay, R. (2022). Genomic and
immunologic profiles of concurrent RB1 and CDKN1A/p21(WAF1) truncating mutations (RW+) in bladder
cancer. Journal of Clinical Oncology, 40(16_suppl), 4571. https://doi.org/10.1200/jc0.2022.40.16 suppl.4571

Elshafei, M. M., Helmy, 1. M., Sayed, M. M., Farag, D. B., Shebl, I. M., Ghazy, S. E., & Afifi, N. S. (2023).
Autophagic-Related Anticancer Effect of Grapes Extract and Tomatoes Extract: Ex-Vivo Study. Odovtos -
International Journal of Dental Sciences, 25(2), 78-92. https://doi.org/10.15517/ijds.2023.53752

Falzone, L., Scola, L., Zanghi, A., Biondi, A., Cataldo, A., Libra, M., & Candido, S. (2018). Integrated analysis
of colorectal cancer microrna datasets: identification of micrornas associated with tumor development. Aging,

10(5), 1000-1014. https://doi.org/10.18632/aging.101444

Gan, M., Shen, L., Fan, Y., Tan, Y., Zheng, T., Tang, G., Niu, L., Zhao, Y., Chen, L., Jiang, D., Li, X., Zhang, S.,
& Zhu, L. (2019). MicroRNA-451 and genistein ameliorate nonalcoholic steatohepatitis in mice. International
Journal of Molecular Sciences, 20(23), 6084 . https://doi.org/10.3390/ijms20236084

Gasparello, J., Papi, C., Gambari, R., Finotti, A., Gambari, L., Rozzi, A., Manicardi, A., & Corradini, R. (2020).
High Levels of Apoptosis Are Induced in the Human Colon Cancer HT-29 Cell Line by Co-Administration of
Sulforaphane and a Peptide Nucleic Acid Targeting miR-15b-5p. Nucleic Acid Therapeutics, 30(3), 164—174.
https://doi.org/10.1089/nat.2019.0825

Georgikou, C., Yin, L., Gladkich, J., Xiao, X., Sticht, C., Torre, C. de la, Gretz, N., Gross, W., Schifer, M.,
Karakhanova, S., & Herr, 1. (2020). Inhibition of miR30a-3p by sulforaphane enhances gap junction intercellular
communication in pancreatic cancer. Cancer Letters, 469, 238-245. https://doi.org/10.1016/j.canlet.2019.10.042

Gupta, S., Silveira, D., & Mombach, J. (2019). atm/mir-34a-5p axis regulates a p21-dependent senescence-
apoptosis switch in non-small cell lung cancer: a boolean model of gl/s checkpoint regulation. Febs Letters,
594(2),227-239. https://doi.org/10.1002/1873-3468.13615

Hirata, H., Hinoda, Y., Shahryari, V., Deng, G., Tanaka, Y., Tabatabai, Z. L., & Dahiya, R. (2014). Genistein
downregulates onco-miR-1260b and upregulates sSFRP1 and Smad4 via demethylation and histone modification
in prostate cancer cells. British Journal of Cancer, 110(6), 1645—1654. https://doi.org/10.1038/bjc.2014.48

Hirata, H., Ueno, K., Nakajima, K., Tabatabai, Z. L., Hinoda, Y., Ishii, N., & Dahiya, R. (2013). Genistein
downregulates onco-miR-1260b and inhibits Wnt-signalling in renal cancer cells. British Journal of Cancer,
108(10), 2070-2078. https://doi.org/10.1038/bjc.2013.173

Jafarnejad, S., Wani, A., Martinka, M., & Li, G. (2010). Prognostic significance of sox4 expression in human
cutaneous melanoma and its role in cell migration and invasion. American Journal of Pathology, 177(6), 2741-
2752. https://doi.org/10.2353/ajpath.2010.100377

Javaid, A., Zahra, D., Rashid, F., Mashraqi, M., Alzamami, A., Khurshid, M., & Ali Ashfaq, U. (2022).
Regulation of micro-RNA, epigenetic factor by natural products for the treatment of cancers: Mechanistic insight
and translational association. Saudi Journal of Biological Sciences, 29(6),
103255. https://doi.org/10.1016/1.sjbs.2022.03.005

Jiang, J., Wang, X., & Lii, J. (2020). PWRNI1 suppressed cancer cell proliferation and migration in glioblastoma
by inversely regulating hsa-mir-21-5p: Cancer Management and Research, 12, 5313-5322.
https://doi.org/10.2147/cmar.s250166

Kang, H. (2019). Microrna-mediated health-promoting effects of phytochemicals. International Journal of
Molecular Sciences, 20(10), 2535. https://doi.org/10.3390/ijms20102535

182


https://doi.org/10.1039/c7fo00739f
https://doi.org/10.21873/anticanres.11147
https://doi.org/10.1200/jco.2022.40.16_suppl.4571
https://doi.org/10.15517/ijds.2023.53752
https://doi.org/10.18632/aging.101444
https://doi.org/10.3390/ijms20236084
https://doi.org/10.1089/nat.2019.0825
https://doi.org/10.1016/j.canlet.2019.10.042
https://doi.org/10.1002/1873-3468.13615
https://doi.org/10.1038/bjc.2014.48
https://doi.org/10.1038/bjc.2013.173
https://doi.org/10.2353/ajpath.2010.100377
https://doi.org/10.1016/j.sjbs.2022.03.005
https://doi.org/10.2147/cmar.s250166
https://doi.org/10.3390/ijms20102535

Journal of Academia Vol. 13, Issue 2 (2025) 171 — 186

Kapinova, A., Kubatka, P., Golubnitschaja, O., Kello, M., Zubor, P., Solar, P., & Pec, M. (2018). Dietary
phytochemicals in breast cancer research: Anticancer effects and potential utility for effective
chemoprevention. Environmental Health and Preventive Medicine, 23(1), 36. https://doi.org/10.1186/s12199-
018-0724-1

Kumazaki, M., Shinohara, H., Taniguchi, K., Yamada, N., Ohta, S., Ichihara, K., & Akao, Y. (2014). Propolis
cinnamic acid derivatives induce apoptosis through both extrinsic and intrinsic apoptosis signaling pathways and
modulate of miRNA expression. Phytomedicine, 21(8-9), 1070-1077.
https://doi.org/10.1016/j.phymed.2014.04.006

Kuwahara, M., Yamashita, M., Shinoda, K., Tofukuji, S., Onodera, A., Shinnakasu, R., Motohashi, S., Hosokawa,
H., Tumes, D., Iwamura, C., Lefebvre, V., & Nakayama, T. (2012). The transcription factor sox4 is a downstream
target of signaling by the cytokine tgf-B and suppresses th2 differentiation. Nature Immunology, 13(8), 778-786.
https://doi.org/10.1038/ni.2362

Li, D., Masiero, M., Banham, A., & Harris, A. (2014). The notch ligand jagged1 as a target for anti-tumor therapy.
Frontiers in Oncology, 4, 254. https://doi.org/10.3389/fonc.2014.00254

Li, X., Zhao, Z., Li, M., Liu, M., Bahena, A., Zhang, Y., Zhang, Y., Nambiar, C., & Liu, G. (2018). Sulforaphane
promotes apoptosis, and inhibits proliferation and self-renewal of nasopharyngeal cancer cells by targeting STAT
signal through miRNA-124-3p. Biomedicine and Pharmacotherapy, 103, 473-481.
https://doi.org/10.1016/j.biopha.2018.03.121

Li, Y., VandenBoom, T. G., Wang, Z., Kong, D., Ali, S., Philip, P. A., & Sarkar, F. H. (2010). miR-146a suppresses
invasion of pancreatic cancer cells. Cancer Research, 70(4), 1486-1495. https://doi.org/10.1158/0008-
5472.CAN-09-2792

Liao, W., He, J., Disoma, C., Hu, Y., Li, J., Chen, G., Sheng, Y., Cai, X., Li, C., Cheng, K., Yang, C., Qin, Y., Han,
D., Wen, W., Ding, C., & Li, M. (2021). Hsa_circ_0107593 suppresses the progression of cervical cancer via
sponging hsa-miR-20a-5p/93-5p/106b-5p. Frontiers in Oncology. 10, 590627. https://typeset.io/papers/hsa-circ-
0107593 -suppresses-the-progression-of-cervical-1mOmrvnmg9

Liu, S., Jiang, H., Liu, S., & Li, Y. (2023). The Effects of Resveratrol Targeting MicroRNA-4325P/PDGF-B to
Regulate Tumor Angiogenesis in Osteosarcoma Microenvironment. Natural Product Communications, 18(3), 1-
16. https://doi.org/10.1177/1934578X231156705

Liu, Y., Cui, L., Huang, J., Ji, E., Chen, W., Messadi, D., & Hu, S. (2016). Sox4 promotes progression in OLP -
associated squamous cell carcinoma. Journal of Cancer, 7(11), 1534-1540. https://doi.org/10.7150/jca.15689

Lo, Y. L., Wang, C. S., Chen, Y. C., Wang, T. Y., Chang, Y. H., Chen, C. J., & Yang, C. P. (2020). Mitochondrion-
directed nanoparticles loaded with a natural compound and a microrna for promoting cancer cell death via the
modulation of tumor metabolism and mitochondrial dynamics. Pharmaceutics, 12(8), 1-23.
https://doi.org/10.3390/pharmaceutics 12080756

Lu,J., Ms, H., Hou, H., Cy, C., Tien, H., & Lin, L. (2017). Overexpression of sox4 correlates with poor prognosis
of acute myeloid leukemia and is leukemogenic in zebrafish. Blood Cancer Journal, 7(8), €593-e593.
https://doi.org/10.1038/bcj.2017.74

Lu, J., Zhao, Z., & Ma, Y. (2020). Mir-186 represses proliferation, migration, invasion, and emt of hepatocellular
carcinoma via directly targeting cdk6. Oncology Research Featuring Preclinical and Clinical Cancer
Therapeutics, 28(5), 509-518. https://doi.org/10.3727/096504020x15954139263808

Luo, M., Fan, D., Xiao, Y., Zeng, H., Zhang, D., Zhao, Y., & Ma, X. (2021). Anticancer effect of natural product
sulforaphane by targeting mapk signal through mirna-1247-3p in human cervical cancer cells. Biointerface
Research in Applied Chemistry, 11(1), 7943-7972. https://doi.org/10.33263/BRIAC111.79437972

Miiller, S., Wedler, A., Breuer, J., GlaB, M., Bley, N., Lederer, M., Haase, J., Misiak, C., Fuchs, T., Ottmann, A.,
Schmachtel, T., Shalamova, L., Ewe, A., Aigner, A., Rossbach, O., & Hiittelmaier, S. (2020). Synthetic circular

183


https://doi.org/10.1186/s12199-018-0724-1
https://doi.org/10.1186/s12199-018-0724-1
https://doi.org/10.1016/j.phymed.2014.04.006
https://doi.org/10.1038/ni.2362
https://doi.org/10.3389/fonc.2014.00254
https://doi.org/10.1016/j.biopha.2018.03.121
https://doi.org/10.1158/0008-5472.CAN-09-2792
https://doi.org/10.1158/0008-5472.CAN-09-2792
https://typeset.io/papers/hsa-circ-0107593-suppresses-the-progression-of-cervical-1m0mrvnmg9
https://typeset.io/papers/hsa-circ-0107593-suppresses-the-progression-of-cervical-1m0mrvnmg9
https://doi.org/10.1177/1934578X231156705
https://doi.org/10.7150/jca.15689
https://doi.org/10.3390/pharmaceutics12080756
https://doi.org/10.1038/bcj.2017.74
https://doi.org/10.3727/096504020x15954139263808
https://doi.org/10.33263/BRIAC111.79437972

Journal of Academia Vol. 13, Issue 2 (2025) 171 — 186

Mir-21 RNA decoys enhance tumor suppressor expression and impair tumor growth in mice. NAR
Cancer, 2(3). 1-16. https://doi.org/10.1093/narcan/zcaa014

Osorio-Pérez, S. M., Estrada-Meza, C., Ruiz-Manriquez, L. M., Arvizu-Espinosa, M. G., Srivastava, A.,
Sharma, A., & Paul, S. (2023). Thymoquinone potentially modulates the expression of key onco- and tumor
suppressor miRNAs in prostate and colon cancer cell lines: Insights from PC3 and HCT-15 cells. Genes, 14(9),
1730. https://doi.org/10.3390/genes 14091730

Otmani, K., & Lewalle, P. (2021). Tumor suppressor miRNA in cancer cells and the tumor microenvironment:
Mechanism  of  deregulation and  clinical  implications. Frontiers  in Oncology, 11, 1-
15. https://doi.org/10.3389/fonc.2021.7087

Otmani, K., Rouas, R., & Lewalle, P. (2022). OncomiRs as noncoding RNAs having functions in cancer: Their
role in immune suppression and clinical implications. Frontiers in

Immunology, 13. https://doi.org/10.3389/fimmu.2022.913951

Penzo—Méndez, A. (2010). Critical roles for soxc transcription factors in development and cancer. The
International Journal of Biochemistry & Cell Biology, 42(3), 425-428.
https://doi.org/10.1016/j.biocel.2009.07.018

Parker, L. P., Taylor, D. D., Kesterson, J., Metzinger, D. S., & Gercel-Taylor, C. (2009). Modulation of microRNA
associated with ovarian cancer cells by genistein. European journal of gynaecological oncology, 30(6), 616—621.
https://article.imrpress.com/journal/EJGO/30/6/pii/2009151/616-621.pdf

Petrocca, F., Vecchione, A., Croce, C. M., & Hennessy, E. (2008). Emerging role of miR-106b-25/miR-17-92
clusters in the control of transforming growth factor beta signaling. Cancer Research, 68(19), 8191-8194.
https://doi.org/10.1158/0008-5472.CAN-08-2024

Phuah, N. H., & Nagoor, N. H. (2014). Regulation of MicroRNAs by natural agents: New strategies in cancer
therapies. BioMed Research International, 2014, 1-17. https://doi.org/10.1155/2014/804510

Qu, K., Zhang, X., Lin, T., Tian, L., Wang, Z., Liu, S., & Wu, Z. (2017). Circulating mirna-21-5p as a diagnostic
biomarker for pancreatic cancer: evidence from comprehensive mirna expression profiling analysis and clinical
validation. Scientific Reports, 7(1), 1692. https://doi.org/10.1038/s41598-017-01904-z

Roukens, M., Frederiks, C., Seinstra, D., Braccioli, L., Khalil, A., Pals, C., & Coffer, P. (2021). Regulation of a
progenitor gene program by sox4 is essential for mammary tumor proliferation. Oncogene, 40(45), 6343-6353.
https://doi.org/10.1038/s41388-021-02004-z

Roy, S., Levi, E., Majumdar, A. P., & Sarkar, F. H. (2012). Expression of Mir-34 is lost in colon cancer which can
be re-expressed by a novel agent CDF. Journal of Hematology &  Oncology, 5(1),
58. https://doi.org/10.1186/1756-8722-5-58

Sacko, K., Thangavel, K., & Shoyele, S. A. (2019). Codelivery of genistein and miRNA-29b to a549 cells using
aptamer-hybrid nanoparticle bioconjugates. Nanomaterials, 9(7), 1052. https://doi.org/10.3390/nan09071052

Samec, M., Liskova, A., Kubatka, P., Uramova, S., Zubor, P., Samuel, S. M., Zulli, A., Pec, M., Bielik, T.,
Biringer, K., Kudela, E., Benacka, J., Adamek, M., Rodrigo, L., Ciccocioppo, R., Kwon, T. K., Baranenko, D.,
Kruzliak, P., & Biisselberg, D. (2019). The role of dietary phytochemicals in the carcinogenesis via the modulation
of miRNA expression. Journal of Cancer Research and Clinical Oncology, 145(7), 1665-
1679. https://doi.org/10.1007/s00432-019-02940-0

Sharma, P. C., & Gupta, A. (2020). MicroRNAs: Potential biomarkers for diagnosis and prognosis of different
cancers. Translational Cancer Research, 9(9), 5798-5818. https://doi.org/10.21037/tcr-20-1294

Shi, S., Cao, X., Gu, M., You, B., Shan, Y., & You, Y. (2015). Upregulated expression of sox4 is associated with
tumor growth and metastasis in nasopharyngeal carcinoma. Disease Markers, 2015(1), 1-11.
https://doi.org/10.1155/2015/658141

184


https://doi.org/10.3390/genes14091730
https://doi.org/10.3389/fonc.2021.7087
https://doi.org/10.3389/fimmu.2022.913951
https://doi.org/10.1016/j.biocel.2009.07.018
https://article.imrpress.com/journal/EJGO/30/6/pii/2009151/616-621.pdf
https://doi.org/10.1158/0008-5472.CAN-08-2024
https://doi.org/10.1155/2014/804510
https://doi.org/10.1038/s41598-017-01904-z
https://doi.org/10.1038/s41388-021-02004-z
https://doi.org/10.1186/1756-8722-5-58
https://doi.org/10.3390/nano9071052
https://doi.org/10.1007/s00432-019-02940-0
https://doi.org/10.21037/tcr-20-1294
https://doi.org/10.1155/2015/658141

Journal of Academia Vol. 13, Issue 2 (2025) 171 — 186

Singh, S., Raza, W., Parveen, S., Meena, A., & Lugman, S. (2021). Flavonoid display ability to target microRNAs
in cancer pathogenesis. Biochemical Pharmacology, 189, 1144009. https://doi.org/10.1016/j.bcp.2021.114409

Sohn, D., Essmann, F., Schulze-Osthoff, K., & Jéanicke, R. U. (2006). p21 blocks irradiation-induced apoptosis
downstream of mitochondria by inhibition of cyclin-dependent kinase-mediated caspase-9 activation. Cancer
research, 66(23), 11254—11262. https://doi.org/10.1158/0008-5472.CAN-06-1569

Son, S. W., Lee, H. Y., Moeng, S., Kuh, H. J., Choi, S. Y., & Park, J. K. (2020). Participation of MicroRNAs in
the treatment of cancer with phytochemicals. Molecules, 25(20),
4701. https://doi.org/10.3390/molecules25204701

Srivastava, S. K., Arora, S., Averett, C., Singh, S., & Singh, A. P. (2015). Modulation of MicroRNAs by
phytochemicals in cancer: Underlying mechanisms and translational significance. BioMed Research
International, 2015, 1-9. https://doi.org/10.1155/2015/848710

Szklarczyk, D., Gable, A. L., Lyon, D., Junge, A., Wyder, S., Huerta-Cepas, J., Simonovic, M., Doncheva, N. T.,
Morris, J. H., Bork, P., Jensen, L. J., & Mering, C. (2018). STRING vl11: Protein—protein association networks
with increased coverage, supporting functional discovery in genome-wide experimental datasets. Nucleic Acids
Research, 47(D1), D607-D613. https://doi.org/10.1093/nar/gky1131

Takamizawa, J., Konishi, H., Yanagisawa, K., Tomida, S., Osada, H., Endoh, H., Harano, T., Yatabe, Y., Nagino,
M., Nimura, Y., Mitsudomi, T., & Takahashi, T. (2004). Reduced expression of the let-7 microRNAs in human
lung cancers in association with shortened postoperative survival. Cancer Research, 64(11), 3753-3756.

Toden, S., Okugawa, Y., Buhrmann, C., Nattamai, D., Anguiano, E., Baldwin, N., & Goel, A. (2015). Novel
evidence for curcumin and boswellic acid—induced chemoprevention through regulation of miR-34a and miR-27a
in colorectal cancer. Cancer Prevention Research, 8(5), 431-443. https://doi.org/10.1158/1940-6207.CAPR-14-
0354

Tsuchiya, S., Fujiwara, T., Sato, F., Shimada, Y., Tanaka, E., Sakai, Y., & Shimizu, K. (2011). MicroRNA-210
regulates cancer cell proliferation through targeting fibroblast growth factor receptor-like 1 (FGFRL1). Journal
of Biological Chemistry, 286(51), 44009-44020. https://doi.org/10.1074/jbc.M1.305110

Tummala, R., Lou, W., Gao, A. C., & Nadiminty, N. (2017). Quercetin targets hnRNPA1 to overcome
enzalutamide resistance in prostate cancer cells. Molecular Cancer Therapeutics, 16(12), 2770-2779.
https://doi.org/10.1158/1535-7163.MCT-17-0030

Vlachos, I. S., Zagganas, K., Paraskevopoulou, M. D., Georgakilas, G., Karagkouni, D., Vergoulis, T.,
Dalamagas, T., & Hatzigeorgiou, A. G. (2015). DIANA-mirpath v3.0: Deciphering microRNA function with
experimental support. Nucleic Acids Research, 43(W1), W460-W466. https://doi.org/10.1093/nar/gkv403

Wan, L., Thomas-Ahner, J. M., Pearl, D. K., Erdman, J. W., Moran, N. E., & Clinton, S. K. (2023). Orchestration
of miRNA Patterns by Testosterone and Dietary Tomato Carotenoids during Early Prostate Carcinogenesis in
TRAMP Mice. Journal of Nutrition, 153(7), 1877-1888. https://doi.org/10.1016/j.tjnut.2023.05.015

Wang, M., Jiang, S., Zhou, L., Yu, F., Ding, H., Li, P., Zhou, M., & Wang, K. (2019). Potential mechanisms of
action of curcumin for cancer prevention: focus on cellular signaling pathways and mirnas. International Journal
of Biological Sciences, 15(6), 1200-1214. https://doi.org/10.7150/ijbs.33710

Wang, P., Phan, T., Gordon, D., Chung, S., Henning, S., & Vadgama, J. (2014). Arctigenin in combination with
quercetin synergistically enhances the antiproliferative effect in prostate cancer cells. Molecular Nutrition & Food
Research, 59(2), 250-261. https://doi.org/10.1002/mnfr.201400558

Wei, D, Yang, L., Lv, B., & Chen, L. (2017). Genistein suppresses retinoblastoma cell viability and growth and
induces apoptosis by upregulating miR-145 and inhibiting its target ABCE1. Molecular Vision, 23, 385-394.

Xia, J., Duan, Q., Ahmad, A., Bao, B., Banerjee, S., Shi, Y., Ma, J., Geng, J., Chen, Z., Wahidur Rahman, K.,
Miele, L., H Sarkar, F., & Wang, Z. (2012). Genistein inhibits cell growth and induces Apoptosis through up-

185


https://doi.org/10.1016/j.bcp.2021.114409
https://doi.org/10.1158/0008-5472.CAN-06-1569
https://doi.org/10.3390/molecules25204701
https://doi.org/10.1155/2015/848710
https://doi.org/10.1093/nar/gky1131
https://doi.org/10.1158/1940-6207.CAPR-14-0354
https://doi.org/10.1158/1940-6207.CAPR-14-0354
https://doi.org/10.1074/jbc.M1.305110
https://doi.org/10.1158/1535-7163.MCT-17-0030
https://doi.org/10.1093/nar/gkv403
https://doi.org/10.1016/j.tjnut.2023.05.015
https://doi.org/10.7150/ijbs.33710
https://doi.org/10.1002/mnfr.201400558

Journal of Academia Vol. 13, Issue 2 (2025) 171 — 186

regulation of Mir-34a in  pancreatic = cancer cells. Current Drug  Targets, 13(14), 1750-
1756. https://doi.org/10.2174/138945012804545597

Xiao, J., Xu, W, Fei, X., Hao, F., Wang, N., Chen, Y., & Wang, J. (2020). Anillin facilitates cell proliferation and
induces tumor growth of hepatocellular carcinoma via mir-138/sox4 axis regulation. Translational Oncology,
13(10), 100815. https://doi.org/10.1016/j.tranon.2020.100815

Yang, X., Jiang, W., Kong, X., Zhou, X., Zhu, D., & Kong, L. (2022). Genistein Restricts the Epithelial
Mesenchymal Transformation (EMT) and Stemness of Hepatocellular Carcinoma via Upregulating miR-1275 to
Inhibit the EIF5A2/PI3K/Akt Pathway. Biology, 11(10), 1383. https://doi.org/10.3390/biology11101383

Yao, S., Gao, M., Wang, Z., Wang, W., Zhan, L., & Wei, B. (2021). Upregulation of microRNA-34a sensitizes
ovarian cancer cells to resveratrol by targeting Bcl-2. Yonsei Medical  Journal, 62(8),
691. https://doi.org/10.3349/ymj.2021.62.8.691

Yu, Y.-H., Chen, H.-A., Chen, P.-S., Cheng, Y.-J., Hsu, W.-H., Chang, Y.-W., Chen, Y.-H., Jan, Y., Hsiao, M.,
Chang, T.-Y., Kuo, M.-L., & Su, J.-L. (2013). MiR-520h-mediated FOXC2 regulation is critical for inhibition of
lung cancer progression by resveratrol. Oncogene, 32(4), 431-443. https://doi.org/10.1038/onc.2012.74

Zaman, M. S., Thamminana, S., Shahryari, V., Chiyomaru, T., Deng, G., Saini, S., Majid, S., Fukuhara, S., Chang,
I., Arora, S., Hirata, H., Ueno, K., Singh, K., Tanaka, Y., & Dahiya, R. (2012). Inhibition of PTEN Gene
Expression by Oncogenic miR-23b-3p in Renal Cancer. PLoS ONE, 7(11), e50203.
https://doi.org/10.1371/journal.pone.0050203

Zhang, D., Gong, B., Zhao, Q., Li, Z., Tan, X., & Hua, Z. (2022). Sox4 mediates atra-induced differentiation in
neuroblastoma cells. Cancers, 14(22), 5642. https://doi.org/10.3390/cancers14225642

Zhang, F., Wan, X., Zhan, J., Shen, M., & Li, R. (2024). Sulforaphane inhibits the growth of prostate cancer by
regulating the microrna-3919/DJ-1 axis. Frontiers in Oncology, 14,
1361152 . https://doi.org/10.3389/fonc.2024.1361152

Zhu, J., Wang, S., Chen, Y., Li, X., Jiang, Y., Yang, X., Li, Y., Wang, X., Meng, Y., Zhu, M., Ma, X., Huang, C.,
Wu, R, Xie, C., Geng, S., Wu,J., Zhong, C., & Han, H. (2017). Mir-19 targeting of GSK3f mediates
sulforaphane suppression of lung cancer stem cells. The Journal of Nutritional Biochemistry, 44, 80-
91. https://doi.org/10.1016/j.jnutbio.2017.02.020

186


https://doi.org/10.2174/138945012804545597
https://doi.org/10.1016/j.tranon.2020.100815
https://doi.org/10.3390/biology11101383
https://doi.org/10.3349/ymj.2021.62.8.691
https://doi.org/10.1038/onc.2012.74
https://doi.org/10.1371/journal.pone.0050203
https://doi.org/10.3390/cancers14225642
https://doi.org/10.3389/fonc.2024.1361152
https://doi.org/10.1016/j.jnutbio.2017.02.020

