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of cancer. They are oncogenes, or tumor suppressors that play
key functions in the signaling pathway that contribute to the
development of cancer. This article focuses on the double
importance of microRNAs for cancer oncogenesis. This
includes both their ability to inhibit cancer suppressor genes
and the stimulation of cancer-causing oncogenes. MicroRNAs
have been identified for a long time as biomarkers to help
in diagnosing cancer and have distinct signatures specific to
different kinds of cancer. There are many detection strategies
including RT-qPCR, Next Generation Sequencing (NGS)
as well as Microarray Analysis that have been evaluated
to prove their effectiveness in aiding the non-invasive
diagnosis of cancer. The paper provides an overview of
the importance of miRNAs to prognosis, highlighting their
ability to forecast tumor progression as well as outcomes
for cancer patients. In addition, their therapeutic value
remains a subject of research. Research is being conducted
in order to investigate miRNA-targeting therapy including

Keywords antisense oligonucleotides, or small molecules inhibitors as
Cancer, microRNA(miRNA), Tumor-Suppressor Genes, possible treatment options for cancer. These methods could
Polymerase Chain Reaction (PCR), Next Generation favor more specific and individualized approaches than the
Sequencing (NGS), Microarray, Antisense Oligonucleotides current techniques. The article also focuses on the current
(ASOs) challenges and future prospects linked to miRNA research

and demonstrates the complex biological functions they play
as well as clinical applications that require investigation. The
review is the source of information for researchers, clinicians
and scientists who are interested in advancing studies into
cancer research as well as personalized treatments.

Introduction

Cancer poses a worldwide health crisis that impacts millions
annually. Although advances have been made in treatments
and management approaches for cancer detection, and
management remains complex tasks that often necessitate
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comprehensive approaches. Over the last ten years, great strides
have been made toward understanding molecular mechanisms
underlying cancer progression as part of cancer research with
microRNA (miRNA) serving as an increasingly researched
topic. MicroRNAs are non-coding RNA molecules that play
an essential part in gene regulation, play an integral part. It is
comprised of 22 nucleotides per microRNA molecule and bound
directly with specific messenger RNA (mRNA), these non-
coding molecules precisely manage gene expression levels by
binding directly with messenger RNA (mRNA). The adhesions
between molecules could potentially impede translation
processes; miRNAs utilize this mechanism to regulate the
expression of many target genes and influence various cellular
activities - providing significant gene regulatory capabilities.
miRNAs function as posttranscriptional regulators by binding
to messenger RNA molecules’ 3’ untranslated regions (UTR),
leading either to degradation or translational repression thereby
fine-tuning gene expression levels and providing more precise
control of gene expression levels. The miRNAs modulate gene
expression through sequence-specific targeting of multiple
messenger RNA (mRNA) molecules, any given messenger
RNA could potentially be targeted by multiple miRNAs; their
biogenesis and processing involve many enzymes and regulatory
proteins to ensure functional miRNA production [1]. The
miRNA binding to target mRNAs can alter biological processes
and lead to various diseases, making miRNAs useful biomarkers
in diagnosing disease diagnosis, prognosis, and prognosticate
purposes, with some specific miRNAs possessing therapeutic
potential against specific conditions [2].

The miRNA molecules have been discovered to regulate
certain target mRNAs, thus altering important physiological
processes like cell proliferation, differentiation, and apoptosis.
Furthermore, abnormal miRNA expression patterns have
been linked with diseases like cancer that contribute to tumor
development and progression [3]. The multifaceted role of
Vitamin D in disease prevention and cure, as elucidated in
recent studies, highlights its potential therapeutic significance
in oncology, emphasizing the need for further research into
its molecular mechanisms and health benefits [4]. This article
intends to present an updated account of the importance of
miRNAs for cancer diagnosis, prognostication, and therapeutic
development. We aim to gather the latest research findings and
advancements to gain an understanding of their possible effects
on clinical practice. Additionally, we will investigate challenges
and future directions associated with harnessing miRNAs to
maximize cancer management potential.

Role of MicroRNAs in Cancer Development

MicroRNAs (miRNAs) exert a substantial influence on the
development of cancer by participating in many pathways,
including the suppression of tumor-suppressor genes and the
activation of oncogenes [5].

Suppression of Tumor-Suppressor Genes
MicroRNAs (miRNAs) play an essential role as tumor
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suppressor genes by down-regulating specific target genes
involved with cell proliferation, apoptosis, and differentiation
processes. These inhibitors work by binding to sequences
present on target messenger RNA (mRNA), leading to its
cleavage, translational repression, or deadenylation before
its subsequent degradation [6]. Many microRNAs have been
discovered for their tumor-suppressing capabilities by targeting
pathways and genes involved in cancer formation. MiR-34
family transcription factors, which are under the control of p53
tumor suppressor gene regulation, downregulate many genes
such as Cyclin D1, E2, CDK4, CDK6, Myc, and BCI2, leading
to cell cycle arrest and apoptosis, thereby curbing tumor growth
and inhibiting tumor spread. MiR-15 and miR-16 clusters,
commonly found deleted in chronic lymphocytic leukemia
(CLL), targets the anti-apoptotic BCL2 gene to induce apoptosis
and prevent tumorigenesis. Let-7 family targets Ras and Myc
oncogenes to prevent cell cycle progression, and proliferation
and induce apoptosis in various cancer types such as lung,
breast, gastric colon, and prostate cancers. MiR-200 family
miRNAs, particularly miR-200c, have been found to target
ZEBI1 and ZEB2, in turn suppressing epithelial-to-mesenchymal
transition (EMT), thus inhibiting cancer metastasis, leading to
less aggressive metastatic properties in cancers like breast and
non-small cell lung cancer (NSCLC). Their actions demonstrate
how miRNAs serve as tumor suppressors whose deregulation
could significantly halt cancer progression thereby underscoring
the therapeutic potential of miRNA-based interventions as tumor
suppressors [7,8].

Activation of Oncogenes

MicroRNAs (miRNAs) play an essential role in tumor
suppression by targeting and downregulating the expression
of various tumor suppressor genes, but they may also act as
oncogenes by directly down-regulating certain oncoprotein
genes that prevent tumorigenesis. MiR-17-92 cluster, commonly
referred to as “oncomir-1,” targets and inhibits tumor suppressor
proteins like PTEN, p21, and E2F; ultimately leading to
increased cell proliferation, survival, and angiogenesis. MiR-21
also targets PTEN, PDCD4, and TIMP3, activating survival-
supportive pathways like PI3K/Akt and MAPK which promote
tumor growth, invasion, and metastasis. miR-155 downregulates
TP53INP1,SOCS1, and SHIP1, thus increasing cell proliferation,
survival, and immune evasion. MiR-372/373 cluster targets
the LATS2 tumor suppressor and activates transcriptional co-
activators known as YAP/TAZ that drive proliferation and
stemness pathways. Deregulation of these oncogenic miRNAs
either through upregulation or genetic alteration contributes
significantly to cancer development/progression highlighting
them as therapeutic targets within cancer treatment protocols
[7,9,10].

Impact on Signalling Pathways

MicroRNAs (miRNAs) play an essential role in cancer
development through various mechanisms, from epigenetic
regulation of miRNAs to directly altering signaling pathways
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that drive cancer development.
such as DNA methylation or histone modifications can alter
miRNA expression patterns to suppress or overexpress
specific miRNAs, disrupting normal signaling pathways and
potentially contributing to cancer formation and progression.
The miRNAs play an essential role in cancer cells activity and
regulation by modulating key signaling pathway components,
targeting oncogenes Or tumor suppressor genes, participating
in feedback loops, modulating crosstalk, and experiencing
epigenetic modifications - these miRNA-driven changes impact
signaling pathways greatly and play an integral part in cancer
cell processes such as abnormal growth, survival, invasion, and

Epigenetic modifications

metastasis.

In one such study, researchers have discovered that miRNA-21
disrupts TNF receptor 1 (TNFR1) signaling while stimulating its
counterpart (TNFR2) in cervical cancer [11]. Similar evidence
exists with regards to miRNAs used to manage Hepatocellular
Carcinoma (HCC), specifically controlling cell proliferation,
invasion, metastasis, and drug sensitivity by manipulating
key signaling pathways like PTEN/PI3K/Akt, Hippo-YAP/
TAZ, and Wnt/b-catenin [12]. miRNA-425-5p promotes breast
cancer growth via activating its activating signaling pathway
while miR-9 suppresses its growth [13]. Within pancreatic
ductal adenocarcinoma (PDAC), several microRNAs, including
miR-217, have been identified as key regulators of the KRAS
signaling pathway. miRNA-222 regulates Capan-2 pancreatic
cancer cell line growth by specifically targeting P57 [7,14].

MicroRNAs as Diagnostic Biomarkers

MicroRNAs offer several distinct advantages as biomarkers
over more traditional approaches for early disease diagnosis,
including cancer detection. Their secretions into circulation
remain stable over time making miRNAs ideal tools. Early
diagnosis is key to improving patient prognosis and limiting
treatment options, and microRNAs hold immense promise as
multimarker models for accurate diagnoses, targeted therapy
approaches, and tracking treatment response evaluation [15].
Circulating miRNAs and exosomal miRNAs may provide a
more comprehensive understanding of disease processes while
improving diagnostic accuracy. They have been discovered
in blood, urine, and saliva samples taken from various body
fluids. The miRNAs can provide non-invasive sampling that’s
ideal for cases when more invasive procedures, like biopsy,
are either impractical or too inaccurate to use accurately.
miRNA expression profiles can help pinpoint cancer origin and
subtype for tailored personalized treatment plans and outcomes
prediction; or predict individual responses to drugs which allows
for optimizing treatment regimens while mitigating side effects
[16,17].

Reverse transcription followed by quantitative polymerase
chain reaction (RT-qPCR)

Reverse transcription converts microRNAs to complementary
DNAs using reverse transcription technology before amplifying
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and quantifying them using specific primers tailored for miRNA
quantification amplification and quantification [18]. With
accurate yet sensitive quantification capabilities of miRNA levels
quantitatively, RT-qPCR serves as an indication or prognostic
biomarker in various malignancies. RT-qPCR offers another
non-invasive diagnosis method that is easily available, making
this approach viable for use when diagnosing issues related to
blood, urine, and saliva. RT-qPCR offers many advantages over
alternative approaches for miRNA detection, including its ability
to simultaneously identify multiple miRNAs simultaneously
allowing multimarker models for accurate diagnosis and
treatment; however, its use may come with risks. These
considerations include selecting an analysis platform, taking note
of any preanalytical requirements necessary, and understanding
their effects on miRNA expression [19,20]. Analytical challenges
associated with using miRNAs as diagnostic biomarkers include
the need to account for batch effects between laboratories [21].
Therefore, RT-qPCR has emerged as one of the key techniques
for detecting and quantifying miRNAs that serve as biomarkers
in clinical diagnostic tests.

Next-Generation Sequencing (NGS)

MicroRNAs have demonstrated promise as cancer diagnostic
markers when examined through Next-Generation Sequencing
(NGS). NGS allows rapid sequencing of millions of DNA
fragments simultaneously, providing accurate detection and
profiling of microRNAs throughout their entire sequence.
Researchers may use microRNA sequencing on cancer tissue
or biofluid samples to isolate signatures associated with
various forms of cancer and use this information for diagnosis,
classification, and stratification purposes among cancer patients.
There have been multiple studies that focus on the significance
of miRNA in cancer. One such research paper utilized NGS
technology to compare miRNA expression levels between lung
cancer patients and healthy controls using serum samples from
their bodies. The miRNA analyses provide powerful markers for
cancer detection. Profiling cancer requires closely inspecting
tissue sample expression patterns for purposes of diagnosing and
prognosticating cancer based on crucial data analysis techniques.
As technology progresses and data analytics techniques mature
further, miRNA may prove itself invaluable as both an invaluable
diagnostic tool in research settings as well as clinical practice
settings. NGS analyses of miRNAs offer powerful markers for
cancer detection [22,23].

Microarray Analysis

Microarray analysis uses miRNA-specific probes anchored to
a solid surface to quickly and simultaneously assess multiple
miRNA expression levels at once making this efficient means
for miRNA profiling. Following hybridization to the chip,
scanning, and analysis take place to detect differentially
expressed miRNAs. Microarray analysis is an established
technique for studying microRNA expression patterns as well as
their roles in disease. Microarray profiling of miRNA expression
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involves using a microarray chip containing probes for specific
miRNAs to hybridize with labeled RNA samples and detect
and analyze hybridization signals that occur between them and
detected miRNA molecules [24]. Microarray analysis offers
several distinct advantages when it comes to miRNA detection,
including being able to simultaneously identify multiple miRNAs
at once and detect them across body fluids - making this a non-
invasive yet convenient diagnosis method. Multiple research
projects utilizing miRNA as a diagnostic tool in microarray
analysis are underway; in one such study, miRNA array analysis
and bioinformatics methods were utilized to analyze miRNA
expression profiles from pancreatic cancer tissue samples [25].

Specific miRNA Signatures in Different Cancer Types:
The miRNA signature includes an extensive set of microRNAs

(miRNAs) with diagnostic, therapeutic, and prognostic potential
across numerous diseases. miRNA-21 can be targeted as part
of cancer therapy [26], miRNA-34 serves to treat Alzheimer’s
and predict its progression, while miRNA-122 helps diagnose
liver diseases related to cholesterol and lipid metabolism.
miRNA-155 modulates immune response; miRNA-125b serves
as an early cancer detection indicator, miRNA-29 has been
associated with increased severity of fibrosis; miRNA-146a
signals neuroinflammation while let-7 predicts survival among
cancer patients, MiR-223 levels are high among hematological
disorders, and MiR 92a indicates colorectal cancer while
controlling angiogenesis. The overview of miRNA signature as
diagnostic, prognostic, therapeutic potential, and mechanism is
summarized in Table 1.

Table 1: Overview of miRNA signature as diagnostic, prognostic, therapeutic potential and mechanism.

miRNA Diagnostic Change in Therapeutic | Prognostic )
. . . . . Mechanism References
Signature Potential miRNA Levels Potential Potential
Increased in cancers | Potential .
High in certain (e.g., lung cancer. target for Indicator of Regulates
g, lu , . .
miRNA-21 & £ & g poor prognosis | apoptosis and cell | [27]
cancers(e.g. lung) breast cancer, cancer . . .
In cancer proliferation
colorectal cancer) therapy
Indicators of
inflammatory Increased in
diseases autoimmune (e.g.,
e.g., theumatoid rheumatoid arthritis, .
(c.g .. . Modulation . )
arthritis, systemic lupus . Prognosis Involved in
. in . .
miRNA-15 | systemic lupus erythematosus) toi of chronic immune response | [28]
) autoimmune | , . .
erythematosus) and inflammatory disorders inflammation modulation
and inflammatory diseases (e.g.,
diseases (e.g., Crohn’s disease,
Crohn’s disease, ulcerative colitis)
ulcerative colitis)
Marker for Decreased in
neurodegenerative | neurodegenerative
diseases (e.g., diseases (e.g., Role in . . Influences neuron
. T .. ., Predicts disease .
miRNA-34 | Alzheimer’s disease, | Alzheimer’s disease, | Alzheimer’s . survival and [29]
. . . . 1 progression .
Parkinson’s disease, | Parkinson’s disease, | treatment function
Huntington’s Huntington’s
disease) disease)
Diagnostic for Increased in liver
liver diseases (e.g., | diseases (e.g., Therapeutic . . Involved in
. . . .\ . . Indicates liver
miRNA-122 | hepatitis C, liver hepatitis C, liver target in . . cholesterol and [30]
. . . . .. fibrosis severity | . . .
cirrhosis, liver cirrhosis, liver hepatitis C lipid metabolism
cancer) cancer)
Biomarker for .
. Decreased in
cardiovascular . L . .
. cardiovascular Potential in Associated with .
. diseases (e.g., heart | . . . Modulates cardiac
miRNA-16 . . diseases (e.g., heart | heart failure | cardiovascular . [31]
failure, myocardial . . . cell apoptosis
. . failure, myocardial | treatment risk
infarction) . .
infarction)

eJIFCC2024Vol35No4pp265-284

Page 268




MicroRNA Significance in Cancer

Identified in various | Decreased in Role Regulates
n
cancers (e.g., advanced cancers . Indicates cancer | epithelial-to-
miRNA-200 . (c.g . preventing . P [32]
ovarian cancer, (e.g., ovarian cancer, . progression mesenchymal
metastasis "
breast cancer) breast cancer) transition
Indicators for breast
. and ovarian cancers Target in Predictive
miRNA- Increased for breast g ] Modulates cancer
(e.g., breast cancer, . certain cancer | chemotherapy . . [33]
125b . and ovarian cancers cell proliferation
ovarian cancer, treatments response
prostate cancer)
Low in lung and Target in . .
. & . & Predicts survival | Regulates
miRNA- breast cancers (e.g., | Low in lung and lung and .
in cancer oncogenes and cell | [34]
let-7 lung cancer, breast | breast cancers breast cancer .
patients cycle
cancer) therapy
Elevated in
hematological . Potential .
disorders%e acute Elevated in in blood Prognostic in Involved in
. .g., acu . i ognostic i .
miRNA-223 . & . hematological . £ . hematopoiesis and | [35]
myeloid leukemia, ) disorder myeloid cancers | . .
. .| disorders immune function
chronic lymphocytic treatments
leukemia)
Indicator for Role in . .
. . . | Associated with | Regulates
. colorectal cancer Overexpressed in angiogenesis .. . .
miRNA-92a . e metastasis in angiogenesis and | [36]
(e.g., gastric cancer, | colorectal cancer inhibition in . )
cancers cell proliferation
breast cancer) cancers

Preanalytical Conditions for Circulating miRNAs

Circulating microRNAs (miRNAs) are small, non-coding RNAs
that play critical roles in gene regulation and are stable in bodily
fluids, making them promising biomarkers for various diseases.
However, the accurate measurement of circulating miRNAs is
heavily influenced by preanalytical conditions, which include
factors from sample collection to RNA extraction. Proper
handling of these steps is crucial for reliable results.

Sample Collection

RNase-free tubes designed for plasma or serum collection
are recommended. Different blood collection tubes can affect
miRNA yield and quality. Tubes containing EDTA, heparin,
or citrate as anticoagulants can affect miRNA measurements
differently. EDTA tubes are generally preferred as heparin can
inhibit downstream PCR reactions, and citrate may affect miRNA
quantification [37]. During blood draw or processing, hemolysis
can release intracellular miRNAs, which may contaminate the
sample and skew results [38,39]. Visual inspection of plasma/
serum for pink discoloration and measuring hemolysis markers
like miR-451a and miR-23a can help identify contaminated
samples [40].

eJIFCC2024Vol35No4pp265-284

Sample Processing

To obtain plasma or serum, blood samples must be processed
promptly. The standard protocol involves two-step centrifugation:
an initial low-speed spin (e.g., 1,500-2,000 g) to separate
plasma/serum and a second high-speed spin (e.g., 10,000 g) to
remove cellular debris and platelets. Improper centrifugation can
lead to contamination by cellular miRNAs. Delays in processing
and incorrect storage temperatures can degrade miRNAs. It is
crucial to keep samples on ice immediately after collection and
to process them within two hours to prevent RNA degradation
[41,42].

Storage Conditions

Plasma or serum samples should be stored at -80°C for long-term
preservation of miRNAs. Repeated freeze-thaw cycles should
be avoided as they can degrade miRNAs and alter expression
profiles. Long-term storage stability can vary depending on the
miRNA. Some studies suggest that miRNAs remain stable for
months at -80°C, but it is recommended that samples be used as
soon as possible after thawing [43].
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RNA Extraction

The efficiency of miRNA extraction can vary significantly
between commercially available Kkits.
chloroform extraction steps are commonly used; however,
automated systems are also available. Each method has its
pros and cons regarding yield, purity, and consistency. Using
exogenous spike-in controls (like synthetic miRNAs from
other species) during extraction can help assess the efficiency
and variability of the extraction process. Several column-based
Kits are also used such as miRNeasy Mini Kit (Qiagen), and
NucleoSpin miRNA Kit (Macherey-Nagel) and Magnetic Bead-
based Kits also utilized such as Exosome Plus™ MicroRNA
Isolation Kit (Thermo Fisher Scientific) [44,45,46].

Kits with phenol-

Normalization Strategies

Accurate quantification requires appropriate normalization.
Common strategies include the use of endogenous controls
(such as miR-16), exogenous spike-in controls, or global mean
normalization. However, no universal standard exists, making
normalization a critical point of variability [47].

Small RNA library preparation kits for NGS

Small RNA library preparation kits are essential tools for next-
generation sequencing (NGS) of circulating miRNAs. Examples
include TruSeq Small RNA Library Prep Kit (Illumina) as it offers
a streamlined workflow for efficient small RNA sequencing and
NEBNext Small RNA Library Prep Kit (New England Biolabs)
known for its high sensitivity and accuracy in capturing small
RNA [48,49]. A brief overview of the preanalytical conditions
for circulating miRNAs use in diagnostic is shown in Table 2.

Table 2: Overview of the preanalytical Conditions for Circulating miRNAs use in diagnostic.

S. No. Category Description References
Blood samples:

1. Sample Types EDTA, heparin, or citrate tubes. [37]
RNase-free tubes and collection devices are essential.

2. Tube Recommendations Tubes designed for plasma or serum collection are |[38,39]
recommended.
Column-based Kits:

3. Isolation Methodologies miRNeasy Mini Kit (Qiagen), NucleoSpin miRNA Kit | [44]
(Macherey-Nagel).
Magnetic Bead-based Kits:
Exosome Plus™ MicroRNA Isolation Kit (Thermo Fisher | [45]
Scientific).
Phenol-Chloroform Extraction:
The traditional method requires careful handling. (Invitrogen | [46]
TM TRIzolTM Reagent and QIAzol Lysis Reagent).

" Small RNA Library Prep Kits TruSeq Small RNA Library Prep Kit (Illumina): [48]

for NGS Streamlined workflow for small RNA sequencing.

NEBNext Small RNA Library Prep Kit (New England
Biolabs): [49]
High sensitivity and accuracy for small RNA capture.
Ensure compatibility between the library preparation kit

5. Considerations and the RNA isolation method to maintain high-quality | [50]
sequencing results.
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Clinical Applications in Cancer Diagnosis

Circulating miRNAs (microRNAs) are being investigated as
non-invasive blood biomarkers to assist with cancer diagnosis.
Their non-invasive nature provides many advantages in
clinical applications, including stable detection in blood and
identification of cancer-specific miRNAs across many cancer
types. MiRNAs have been associated with prognosis, survival,
and drug resistance among cancer patients providing us with
another tool for predicting treatment outcomes. However,
challenges like poor diagnostic specificity, reproducibility,
and individual factors influencing miRNA expression must be
overcome to be effectively managed. Although miRNAs as
biomarkers for cancer diagnosis remain challenging, researchers
continue to actively explore their use as blood-based biomarkers
through clinical trials that investigate therapy, diagnosis, and
prognostication applications of miRNAs. MiRNAs offer promise
as blood-based biomarkers for cancer diagnosis; however,
more research and validation must be performed before being
fully adopted as clinical tools. Therefore, miRNAs hold great
promise as blood-based cancer biomarkers but require further
development for full clinical implementation [21,51].

MiRNA expression profiles in tumor tissues provide invaluable
insights for cancer diagnosis, serving as indicators to distinguish
MicroRNAs have
proved useful for cancer diagnosis in clinical applications,
particularly with tissue-specific expression profiles. Genome-
wide profiling has revealed that miRNA expression signatures
correlate to tumor type, tumor grade, and clinical outcomes -
making them promising biomarkers in cancer diagnosis and
prognosis. However, identifying important miRNA targets
in cancer and validating specific signatures as biomarkers
remain key milestones in diagnostics [52]. Cancer cells contain
different miRNA profiles that offer potential as diagnostic or
prognostic biomarkers. The miRNAs have been associated
with prognosis, survival, and drug resistance among cancer
patients - making them useful tools in predicting outcomes
of treatment. Unfortunately, however, challenges such as
diagnostic specificity, reproducibility, and individual factors that
influence miRNA expression must first be overcome to fully take
advantage of miRNAs’ clinical applications in cancer diagnosis
and prediction [53,54].

Tissue-specific miRNA expression profiles in cancer diagnosis
have shown potential in identifying cancer types, determining
tumor stage, and predicting patient outcomes. Some examples
of tissue-specific miRNA expression profiles in cancer diagnosis

cancerous from noncancerous tissues.

include:

A comprehensive profile of miRNAs in cancer has been
established by analyzing miRNA expression in various cancer
types, such as prostate, lung, stomach, pancreas, and thyroid.
This study identified a “miRNoma” in cancer, consisting of
overexpressed and downregulated miRNAs, some of which are
well-characterized cancer-associated miRNAs like miR-17-5p,
miR-20a, and miR-21 [55].

MicroRNAs (miRNAs) have shown potential as non-invasive
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diagnostic biomarkers in various diseases, including cancer.
Some examples of miRNA biomarkers used in non-invasive
diagnostics include Circulating miRNAs and Exosomal miRNAs.
Circulating miRNAs are present in blood, such as serum or
plasma, have been proposed as useful diagnostic biomarkers in
cancer, as they can be measured in routine clinical diagnoses
[56,57]. Exosomal miRNAs are small vesicles released by cells
that can contain miRNAs. Exosomal miRNAs can be isolated
from blood and have been suggested as potential non-invasive
biomarkers for cancer [58].

Correlation between miRNA Expression and Cancer
Prognosis

MicroRNAs play an essential part in cancer prognosis. Their
expression levels correlate to clinical outcomes such as tumor
stage, lymph node involvement, and overall survival rates. The
miRNA profiles in cancerous and normal cells demonstrate
promise as potential prognostic biomarkers; studies conducted on
hepatocellular carcinoma found 414 gene-miRNA associations
that provided strong prognostic information. Researchers
discovered a correlation between miRNA expression levels and
overall survival for various cancers such as HCC [59].

Identification of High-Risk and Low-Risk Patients
MicroRNAs have emerged as key prognostic indicators when
diagnosing cancer patients and can prove particularly helpful
when performing liquid biopsies. The miRNAs provide essential
data regarding patients who are likely to survive long term,
have a health-free prognosis, and respond well to treatments.
Furthermore, miRNAs offer multiple advantages that include
being less intrusive as well as higher precision. Bioinformatics
development and diagnostic technology have greatly assisted
with using miRNAs for cancer diagnosis and prognosis, with
additional studies underway that may lead to their use within
clinical settings [54,60]. MiR-210 and miR-141 prognostic
miRNAs for breast cancer patients provide helpful prognostic
information that enables physicians to distinguish those at
increased risk for recurrence from those who stand a greater
chance for survival, thus making more informed treatment
choices as far as intensities or follow-up schedules are concerned
[61].

Prognostic Value of Circulating miRNAs

Circulating miRNAs found in body fluids such as blood, saliva,
and urine have emerged as non-invasive prognostic biomarkers
due to their stable and accessible nature. Studies have identified
specific miRNA signatures found circulating that correlate with
clinical outcomes, such as miR-155 and 21 which have been
linked with reduced survival for various cancer types. The
miRNA detection and analysis offer promise as a non-invasive
means to enhance prognostic assessments and track disease
progression without using invasive procedures, yet research into
miRNA is in its infancy with results often lacking reproducibility.

Standardized protocols for sample collection, transport,
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storage, and data analysis can help researchers overcome any
differences among research teams. Although miRNAs do not
meet all criteria to act as definitive prognostic biomarkers for
cancer patients, circulating miRNAs have shown promise as
potential clinical biomarkers and more research and standard
protocols need to be put in place to fully establish them as
useful prognostic indicators for this purpose [62].

Integration with Traditional Prognostic Factors
MicroRNAs have shown enormous promise as prognostic
biomarkers of cancer, and, when used alongside more
established factors, can significantly enhance their predictive
power. Their role can be understood from two angles. First, they
act as potential precursors and second as potential biomarkers
of future outcomes of treatment plans.

MicroRNAs provide invaluable insight into cancer biology and
risk stratification, linking with specific molecular pathways
or tumor characteristics to create more precise prediction
models of overall or disease-free survival [63]. Integration also
facilitates the identification of subclasses that exhibit different
clinical effects or therapeutic responses for more tailored plans
that provide superior patient results. An analysis that integrates
miRNA data with traditional prognostic factors can identify
miRNA signatures associated with specific clinical outcomes,
including overall survival, disease-free survival, and treatment
response [64]. Integrating miRNA expression data with
traditional clinicopathological factors can significantly enhance
the accuracy of prognostic prediction models. Algorithms
incorporating multiple miRNAs
prognostic performance compared to using only traditional
factors alone; such integrated models could give a more
complete understanding of disease behavior as well as aid in
individualizing treatment plans. Furthermore, this integration
will establish miRNA’s clinical utility in prognostication [65].

have shown superior

Therapeutic Implications of MicroRNAs in Cancer
MicroRNAs (miRNAs) have garnered significant attention
as potential therapeutic targets in cancer treatment. Their
dysregulated expression in cancer cells, particularly oncogenic
miRNAs, provides an opportunity for therapeutic intervention.
Here, we explore two strategies for targeting oncogenic
miRNAs: using antisense oligonucleotides and small molecule
inhibitors.

Antisense Oligonucleotides

Antisense Oligonucleotides (ASOs) are synthetic sequences
of nucleotides designed to specifically bind with and interfere
with target microRNAs (miRNAs) to inhibit their function
and potentially restore expression of tumor suppressor genes.
ASOs function by base-pairing their oncogenic miRNA targets
and disturbing miRNA binding sites on messenger RNA
(mRNA) for cancer treatment. This disrupts its downstream
regulatory effects while potentially restoring expression
of tumor suppressor genes; ASOs can also be chemically

modified further to enhance stability and specificity for better
performance results as preclinical studies have demonstrated
inhibition of tumor growth along with increased chemotherapy
response/sensitivity/sensitivity for various cancer types.

ASOs have the potential to dramatically decrease the activity
of oncogenic miRNAs like miRNA-23a and miRNA-106b that
play key roles in tumorigenesis, by targeting them directly [66].
Their specificity to target miRNAs and stability engineering
ensures effective binding/inhibition; such qualities make ASOs
highly sought-after therapeutic agents for cancer treatments
[67].

ASOs may cause fewer off-target effects compared to traditional
small interfering RNAs (siRNAs) since they target specific
miRNAs rather than specific mRNAs; this increased accuracy
helps decrease side effects while improving therapeutic results
[38]. Chemical modifications of ASOs have enhanced their
stability for effective binding to target miRNAs and inhibiting
their function (68). ASOs can be modified using cell-penetrating
peptides or other delivery systems to enhance uptake by cancer
cells for increased therapeutic efficacy; this improved drug
delivery can result in more successful cancer therapy [69].
Antisense Oligonucleotides (ASOs) targeting miRNAs have
been developed as anticancer treatments, including anti-
miRNA oligonucleotides (AMOs). AMOs specifically target
specific miRNAs like miRNA-23a and miRNA-106b which
tend to become upregulated during cancer development. An
AMO can inhibit tumorigenesis by decreasing expression
levels of target miRNAs (60). AntagomiRs are another miRNA-
targeting oligonucleotide that works by binding and blocking
specific miRNAs overexpressed in cancerous cells, acting like
anticancer drugs by binding to and silencing their activity [70].
AntagomiRs are synthetic double-stranded oligonucleotides
designed to overexpress miRNA targets that in turn regulate
cancer cell proliferation; miRNA mimetics could potentially act
as cancer therapeutic agents [71].

There have been various clinical trials using antisense
oligonucleotides (ASOs) to target miRNAs for cancer therapy.
One such ASO, called MRX34 (liposomal formulation of
miR-34a mimic), was recently evaluated in a phase I trial as a
treatment of advanced solid tumors. Trial data demonstrated that
MRX34 was well tolerated and showed promising antitumor
activity [72]. Meanwhile, ASOs such as AZD9150 targeting
miR-221 which is overexpressed in various cancers tested in
phase I clinical trials for treating advanced solid tumors with
positive results [73]. RG-012, an ASO that targets miR-21
overexpression found in various cancers, was tested in a phase
I clinical trial for advanced solid tumors with promising results
[74].

Small Molecule Inhibitors

Small molecule inhibitors possess ways of targeting oncogenic
miRNAs in cancer. Small molecule inhibitor molecules interact
with specific miRNAs or components of their biogenesis
pathway to inhibit processing or function, binding directly
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with target mRNA or disrupting key proteins involved in
the biogenesis of miRNA. By blocking oncogenic miRNA
activity these inhibitors aim to restore normal gene expression
patterns and restrain tumor growth [57]. Several small molecule
inhibitors targeting oncogenic miRNAs are currently undergoing
preclinical and clinical evaluation, showing their therapeutic
potential [75].

Small molecule inhibitors target oncogenic miRNAs through
multiple mechanisms, including inhibiting transcription or
interfering with loading onto an RNA-induced silencing
complex (RISC). For instance, one small molecule inhibitor was
discovered that was effective at targeting miR-21 transcription,
effectively decreasing its expression. Furthermore, small
molecules can interfere with loading miRNA onto AGO2, an
essential step for its functionality; such antagonizers may be
identified through high-throughput screening, providing another
effective approach in targeting oncogenic pathways while
potentially modulating miRNA activity or even developing
therapeutics targeted specifically against miRNA [76].

Small molecule inhibitors can easily be structurally modified
to increase selectivity, stability, and bioavailability for use as
therapeutic agents, leading to their rapid development. They have
proven particularly promising as tools in miRNA therapeutic
development due to their bioactivity and wide chemical space
[77]. Furthermore, small molecule inhibitors may be combined
with chemotherapy or radiation therapies to further boost
efficacy while decreasing side effects [78].

Small molecule inhibitors of miRNA have been discovered for
use in cancer therapy. One such inhibitor specifically targeted
miR-21 transcription and reduced its expression levels; further,
this was proven effective against oncogenic pathways [79].
Studies on small molecule inhibitors that modulate RNAi
pathways could potentially recover tumor-suppressor miRNAs
while simultaneously decreasing the expression and function of
oncogenic genes [77]. Enoxacin is a small molecule that serves
as a cancer-specific growth inhibitor by increasing TAR RNA-
binding protein 2-mediated microRNA processing [53].

Restoration of Tumour -Suppressive miRNAs
Tumor-suppressive miRNAs are crucial in regulating the
expression of genes associated with tumor growth and
progression. By restoring their levels and activity, it is possible
to regain control over dysregulated gene expression contributing
to cancer development. This targeted approach allows for
precise modulation of specific genes and pathways involved
in tumorigenesis. Tumor-suppressive miRNAs typically target
multiple oncogenes or genes involved in tumor-promoting
pathways, enhancing the overall therapeutic effect. Restoration
of tumor-suppressive miRNAs holds great therapeutic potential
in cancer treatment. The two primary strategies used for this
purpose are the use of miRNA mimics and viral vectors for
miRNA delivery [80].

Many applications of tumor-suppressive miRNA restoration
have shown promise in preclinical research studies. Tumor-
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suppressive miRNAs have been discovered to effectively limit
tumor growth across several cancer types. Restoration of miR-
143 and miR-145 for colorectal cancer was seen to significantly
reduce tumor size and growth rates [71]. Restoring miR-26a to
HCC patients showed a significant reduction in tumor growth.
Tumor-suppressive miRNAs have long been established as
effective ways of fighting cancer cell proliferation.

The miRNA mimics are synthetic double-stranded RNA
molecules created to mimic the function of natural microRNAs
found within our bodies (miRNAs). The miRNA mimics are
composed of two components; an “miR-mimicking guide strand”
designed to closely resemble mature miRs; and an accompanying
passenger strand. miR-Mims can then be added into an RNA-
Induced Silencing Complex (RISC), where their guide strands
bind directly with specific target mRp for degradation or
inhibition of translation into proteins for suppression through
degradation or inhibition. miR-Mims can then be added into an
RNA-Induced Silencing Complex (RISC), where their guide
strands bind directly with specific target mRp for degradation
or inhibition of translation into proteins for suppression through
degradation or inhibition. The suppression of repressor gene
expression through direct binding to the specific target mRMP
targets stops the degradation or translation can also be achieved,
by utilizing the replicators of miRmims-mims replicators as
potent inhibitors.

Normal cells use these microRNAs as tumor suppressors by
using them to modulate genes responsible for proliferation,
differentiation, and death in their cells. However, tumor cells
often alter or block certain miRNAs that regulate processes
governing development resulting in unchecked tumor expansion
and growth. The miRNA mimics possess the capability to
replace dysregulated immune-suppressing miRNAs that restrict
tumor growth with miRNAs that restore the normal functions
that were absent previously due to deregulation. They do this
by mimicking certain immune-suppressing miRNAs known
as immuno-suppressive miRNAs that suppress tumor cells;
for cancer cells, this restores beneficial miRNA functions
that previously weren’t functioning normally or were missing
altogether. The miRNA mimics can use their ability to restore
miRNA function to combat tumors by stopping oncogene
expression (cancer-promoting genes), metastasis-promoting
genes, and resistance-inducing genes from manifesting. Their
benefits in fighting chemotherapy resistance and metastasis
result in increasing Apoptosis rates which inhibit proliferation
while slowing cancer cell metastatic spread, with lower invasion
risks overall because of their use.

The miRNA mimics represent advancements in cancer therapy
due to their unique capability of simultaneously targeting several
genes or pathways. several approaches for combating cancer
offer numerous advantages, especially as they may help limit
resistance development associated with traditional approaches.
The miRNA mimics the role of naturally occurring tumor
suppressor miRNAs to offer more effective, targeted therapies
than chemotherapy treatments. Reversing epigenetic change
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and reinstating gene expression that suppresses tumors adds
significantly to their value as therapeutics and cancer treatments.
The miRNA mimics offer customized treatments for cancer
based on each person’s genetic makeup.

Viral vectors are being explored as a potential delivery system
for tumor-suppressive miRNAs. These vectors, which can be
packaged into viral particles like lentiviruses or adenoviruses,
can deliver and express specific miRNAs in cancer cells. Once
introduced, these vectors facilitate the intracellular production
of tumor-suppressive miRNAs, restoring their normal function.
This approach has shown promise in preclinical studies,
demonstrating tumor growth inhibition and increased sensitivity
to cancer treatments. These strategies aim to counteract
tumorigenic effects and restore normal gene regulation. However,
further research is needed to optimize delivery methods, enhance
therapeutic efficacy, and ensure the safety of these interventions
for clinical applications [81]. Further research is needed to
optimize delivery methods, enhance therapeutic efficacy, and
ensure the safety of these interventions for clinical applications.
Engineers modify viral vectors like lentiviruses, adenoviruses,
or AAVs to create a safe and efficient delivery system. These
modifications remove viral genes essential for replication and
pathogenicity, leaving behind necessary components for viral
entry and cargo delivery [82]. Therapeutic miRNA sequences are
introduced into a viral vector as transgenes, either as synthetic
mimics or precursor sequences that undergo processing in target
cells to yield functional miRNA [83]. Modified viral vectors
bind to specific cell surface receptors through viral envelope
proteins, allowing them to enter target cells via receptor-
mediated endocytosis or membrane fusion [84]. Once inside,
the vector uncoats, releasing the therapeutic miRNA cargo into
the cytoplasm. Viral vectors like lentiviruses and adenoviruses
release their genetic material into the nucleus [85]. MiRNA
transgenes are delivered into the cellular miRNA processing
pathway, where they undergo further processing to generate
mature miRNAs. These mature miRNAs bind to target mRNAs,
leading to gene silencing or translational repression. This results
in the restoration or modulation of specific gene expression
patterns affected by dysregulated miRNAs in target cells [86].
Studies have explored the use of viral vectors as delivery
vehicles in miRNA-based therapy. One of the studies found that
lentiviral vectors can deliver tumor-suppressive miRNA-145 to
colon cancer cells, inhibiting cell growth, apoptosis, and tumor
formation in animal models. This highlights the potential of
lentiviral vectors in cancer therapy, as they are downregulated
in many cancers [87]. Another study found that lentiviral vectors
can deliver synthetic miR-34a mimics, a tumor-suppressive
miRNA, to glioblastoma multiforme (GBM). The delivery
suppressed glioma cell proliferation, induced apoptosis, and
inhibited tumor growth in xenograft models, demonstrating the
therapeutic potential of miR-34a mimics in GBM treatment [88].
Viral vectors, including adeno-associated viruses (AAVs)
and lentiviruses, have shown significant potential in various
biomedical applications. They can efficiently deliver therapeutic

eJIFCC2024Vol35No4pp265-284

miRNAs to target cells and tissues, allowing for gene expression
modulation and disease-causing genetic abnormalities correction.
They have shown promise in cancer therapy by targeting tumor-
suppressive miRNAs or miRNA-based therapeutics, increasing
therapeutic efficacy while minimizing off-target effects [89].

Challenges and Future Perspectives in miRNA Therapeutics
MiRNA therapeutics provide great promise; however, numerous
key obstacles must first be cleared away to enable successful
implementation to take place. Understanding and overcoming
challenges is crucial to the development of miRNA treatments
and advancing towards their clinical use. The main challenge
in miRNA research is developing efficient delivery mechanisms
that can target specific tissues or cells to deliver miRNA.
Ergonomically targeting miRNA therapeutics without off-target
effects is of vital importance and requires extensive research to
guarantee the delivery of therapeutics that precisely target their
intended genes without unintendedly altering the expression of
other non-target ones, thus minimizing side effects and potential
side effects.

Understanding the pharmacokinetics and pharmacodynamics
of miRNA therapeutics is integral to optimizing dosage,
frequency of administration, and duration of therapy. Strategies
designed to increase stability, half-life, tissue accumulation,
and immunogenicity must also be thoroughly explored as part
of any miRNA therapeutics’ clinical translation plan. Current
research endeavors focus on optimizing miRNA molecules,
delivery systems, and long-term safety profiles to enable
reliable clinical use. Utilizing miRNA biomarkers and their
functional significance across diseases will enable clinicians to
more effectively stratify patients and create tailored treatment
approaches. Advancements in high-throughput sequencing
technology, bioinformatics, and data integration methods will
aid researchers in discovering novel miRNA biomarkers and
designing tailored therapies using miRNA-based therapeutic
approaches. MiRNA therapeutics pose complex regulatory
requirements and hurdles that must be carefully considered
before entering clinical development. Researchers, clinicians and
regulatory authorities working in harmony to develop stringent
protocols and guidelines can ensure safe efficacy [90,91].
Prospects involve continued studies into miRNA biology,
the development of better delivery systems, and adapting
current technological approaches to meet future challenges.
Combinatorial approaches may increase therapeutic efficacy
when miRNA therapies are combined with chemotherapy
or immunotherapy treatment modalities like chemotherapy.
Many studies are being undertaken to demonstrate the value
of miRNAs as diagnostic markers. Davey MG conducted a
detailed investigation analyzing miRNA expression patterns in
blood samples from lung cancer patients and healthy controls
and discovered specific miRNAs were significantly upregulated
among cancer patients (miR-21 and miR-486 specifically),
showing their potential as non-invasive diagnostic markers
[92]. One case study provided compelling evidence for
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miRNA’s usefulness in prostate cancer diagnosis and prognosis.
Researchers identified a signature of miRNAs that accurately
discriminated between prostate cancer and benign prostatic
hyperplasia (BPH) using miRNA expression profiling; specific
miRNAs like miR-21 and 221 were linked with aggressive
prostate cancers with poor prognoses [93].

Clinical case studies and success stories demonstrating the
potential of miRNA-based therapies

Liposomal formulation of synthetic miR-34a mimic MRX34
was subjected to an initial clinical trial for treating advanced
solid tumors like melanoma and lung cancer in phase one clinical
studies. Therapy using MRG-106, a synthetic oligonucleotide
inhibitor targeting miR-155, demonstrated promising antitumor
activity with partial responses and disease stabilization reported
from several patients [71]. MRG-106 was tested in a phase I
clinical trial to treat CTCL lymphomas; its effectiveness against
them proved promising. Treatment resulted in significant
clinical responses, including reductions in tumor size and
improvement of skin-related symptoms [94]. RG-012, an anti-
miR-21 oligonucleotide, was tested as part of a phase I/II clinical
trial for Alport syndrome - a genetic kidney condition - where
preliminary results suggested target engagement as well as
potential therapeutic advantages; suggesting miRNA therapies
might hold great promise [95].

These examples highlight the clinical translation of miRNA-
based therapies across diverse disease settings. They demonstrate
the potential of miRNA modulation to target specific disease
mechanisms and offer new therapeutic strategies.

Miravirsen’s clinical trial with patients living with Hepatitis
C virus infection showed substantial reductions in HCV RNA
levels, sustained viral response rates among some patients,
and improved liver function and reduced liver fibrosis; thus,
demonstrating the power of miRNA therapies for improving
HCV infection outcomes [96]. Another report demonstrated
the efficacy of miR-34a mimic therapy given to a pediatric
neuroblastoma patient; treatment led to tumor regression and
complete remission - further showing their utility in personalized
medicine and treating aggressive cancers [97]. Clinical
results from an anti-miRNA oligonucleotide trial targeting
miR-155 were promising; some participants with cutaneous
T-cell lymphoma (CTCL) experienced complete responses
accompanied by improved symptoms, reduced tumor burden,
and extended progression-free survival. These data underscore
the potential role played by miRNA therapies in improving
patient outcomes related to hematological malignancies [98].
An analysis conducted retrospectively indicated that high miR-
34aexpression in lung tumor tissues from patients diagnosed with
non-small cell lung cancer (NSCLC) is linked with improved
prognosis. Researchers discovered that patients expressing
high levels of miR-34a had significantly greater overall and
progression-free survival compared with those displaying lower
miRNA expression, further supporting its prognostic value and
role as an aid for treatment decisions and patient management.
These clinical case studies and success stories showcase how
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miRNA therapies have made positive impacts on various
diseases [93]. The miRNA modulation shows great promise in
terms of improving treatment responses, prolonging survival
rates, inducing remission, and alleviating symptoms associated
with cancers or viral infections.

Future Directions

The miRNA-based therapies combined with existing treatments
such as chemotherapy, immunotherapy, or targeted therapies
have the power to significantly enhance patient outcomes.
However further research must be conducted to identify and
validate miRNA biomarkers that will enable accurate diagnosis,
prognosis, and response prediction from targeted therapy
treatments such as chemotherapy or immunotherapy - helping
guide treatment decisions more specifically and improve
management for each patient. Innovative delivery systems
including exosomes, peptide-based carriers, and genome editing
tools have recently been created to boost miRNA therapeutic
efficiency while clinical trials with diverse patient populations
are crucial to establish clinical efficacy, safety, and long-term
benefits associated with miRNA therapies [99].

Emerging Technologies for miRNA Profiling

MicroRNA (miRNA) profiling is crucial for understanding
biological processes and diseases. Advanced technologies like
Next-Generation Sequencing (NGS) and Digital PCR (dPCR)
offer unique capabilities and applications in miRNA profiling.
NGS is used in cancer research for profiling and quantifying
microRNAs, including their expression levels. dPCR partitions
samples into thousands of individual reactions, making it suitable
for measuring miRNA expression levels across biological
samples. Single-cell sequencing technologies like scRNA-seq
have revolutionized miRNA profiling by allowing analysis at
the single-cell level, offering insight into miRNA expression
heterogeneity and dynamics.
hybridization-based detection and quantification technology to
enable simultaneous identification and quantification of multiple
miRNAs within one assay with high sensitivity. Droplet Digital
PCR (ddPCR) is accurate and sensitive for quantifying miRNAs
found in samples. Microarrays were once widely used for
miRNA expression profiling studies, but their use has declined
due to NGS technologies. Small RNA-Seq targets small RNA
molecules like miRNAs, allowing for the identification of known
and novel miRNAs and their expression patterns. Quantitative
reverse transcription polymerase chain reaction (qRT-PCR)
is the go-to technique for miRNA analysis due to improved
sensitivity, specificity, and accuracy. Locked Nucleic Acid
(LNA) technology enhances probe binding affinity to miRNAs,
increasing sensitivity and specificity. Bead-based miRNA
profiling assays use bead arrays containing probes specific for
miRNA to quantitatively examine expression levels of multiple
miRNAs. Mass spectrometry techniques like MALDI-MS
and SRM can be used for miRNA profiling. In Table 3. we
summarise the technique with its key features, outcome, and
significance.

Nanostring nCounter uses
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Table 3: Emerging techniques with their key features outcome and significance.

Technique Key Features Outcome and Significance References
Next . . NGS enables the identification of dysregulated miRNAs,
. Comprehensive profiling of . . . . .
Generation miRNAs offering potential non-invasive biomarkers for early lung | [73]
Sequencing cancer detection.
PCR- iRNA fili hol tential ~ fi
L. Absolute quantification of dPCR-based ml. ‘pro ing  holds .po entia . ‘or
Digital PCR . breast cancer diagnosis and personalized medicine | [100]
miRNAs
approaches.
. . . Single-cell miRNA fili ides insights int
Single Cell Analysis of miRNA expression at l.ng ceet m . PrOTng p‘I”OVl e .1ns1g > mio
. . miRNA  expression heterogeneity during neuronal | [101]
Sequencing | the single-cell level
development.
Nanostring Simultaneous detection and Nanostring nCounter technology enables the identification
nCounter quantification of multiple of miRNA biomarkers for bladder cancer diagnosis and | [102]
Technology miRNAs in a single assay prognosis.
. . Identified a miRNA-based signature for ddPCR-
Absolute quantification of . . .
Droplet . o .. based miRNA profiling shows potential as a
. . miRNAs with high precision and . . . . [103]
Digital PCR . non-invasive diagnostic tool for colorectal
sensitivity
cancer.
Simultaneous detection and Microarray profiling identified miRNAs involved in
Microarrays | quantification of multiple myocardial infarction, providing insights into cardiac | [104]
miRNAs disease mechanisms.
. I RNA- bl th identificati f
Small Sequencing of small RNA rSnI?};‘NAs ai:(c)lciatzza " Withe 1 f: 1nal(fcIOIrlelat::)d [105]
RNAseq molecules, including miRNAs . preg Y
complications.
. . . qRTPCR-based miRNA profiling provides insights into
Widel d tech fi RNA . . . .
qRTPCR e y.use e rluque ormt the involvement of dysregulated miRNAs in Alzheimer's | [106]
expression analysis .
disease
LNA-based | Enhanced probe binding affinity LNA-based miRNA profiling allows for the identification
miRNA using Locked Nucleic Acid (LNA) | of region-specific miRNA expression patterns in the bra | [107]
profiling. technology in.
Bead-based | Quantitative analysis of miRNA | Bead-based miRNA profiling enables the identification of
miRNA expression levels using bead miRNA signatures with potential clinical implications in | [108]
profiling arrays hepatocellular carcinoma.
M t try-based miRNA profiling off tential
Mass Mass spectrometry-based methods ass spee ror_ne ry gse m% pr(? 1neo erg apotenta
. ; avenue for identifying miRNA biomarkers in prostate | [109]
Spectrometry | for miRNA profiling
cancer.
Functional Functional miRNA fili i insights i h
lfnc iona Study of miRNA activity and unctional mi .N pro 1r'1g pr9V1des .1ns1g ts into t e
miRNA . regulatory functions of specific miRNAs in gene expression | [110]
. their effects on target genes .
profiling and cancer biology.

Bioinformatics Tools for miRNA Data Analysis

Bioinformatics tools like miRDeep2 and miRExpress are crucial
in miRNA research, identifying and quantifying miRNAs
through quality control, alignment to known databases, and
prediction of novel miRNAs. This comprehensive process
helps understand miRNA expression patterns in biological
samples and diseases. MiRNA target prediction is crucial for
understanding miRNA function. Tools like TargetScan and
miRanda use algorithms to predict potential mRNA targets,
focusing on sequence complementarity and evolutionary
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conservation. These tools help researchers infer miRNA
regulatory roles in gene expression, enabling a better
understanding of biological processes and disease mechanisms.
DIANA-TarBase and miRTarBase are databases that aid in
investigating and constructing regulatory networks involving
miRNA-mRNA interactions, providing access to experimentally
validated interactions, and enhancing understanding of miRNA
roles across biological processes and diseases. DIANA-mirPath
and miRWalk tool functional enrichment analyses give valuable
insight into biological implications associated with miRNAs;
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mapping miRNAs onto various biological processes provides
useful evidence regarding regulatory roles related to cell cycle
regulation, apoptosis regulation, and differentiation regulation
activities as well as cell death regulation activities.

Differential expression analysis is crucial in miRNA research,
revealing upregulated or downregulated miRNAs. Tools like
edgeR and DESeq compare expression levels across conditions,
enhancing understanding of miRNA regulation in various
biological contexts.

Data integration and visualization are crucial in miRNA research,
with tools like Cytoscape and miRBase serving as essential
sources. Cytoscape provides an integrative genomic data
portal, offering access to genomic information such as miRNA
sequence, gene predictions, protein interaction networks, and
other biological features. miRBase offers authoritative databases
with miRNA sequences annotated with target sequence

information, allowing for accurate analysis and interpretation.
Cancerous cancer researchers use an integrated approach using
bioinformatics tools to understand how miRNAs may play
a part in disease. RNA-Seq data from cancerous and normal
tissues is processed using miRDeep2, EdgeR, TargetScan, and
DIANA-mirPath. These tools detect and quantify miRNAs,
identify miRNAs with varying expression levels, and perform
pathway analysis to reveal biological implications. Cytoscape
visualizes complex miRNA-target interaction networks within
cancer pathways, providing therapeutic targets. This innovative
methodology identifies key miRNAs used and reveals functional
roles within cancer pathways, revealing possible therapeutic
targets. These bioinformatics tools are essential for miRNA
research specifically related to cancer studies as in detail it is
summarized in Table 4.

Table 4: Overview of Bioinformatics Tools and Processes in miRNA Research and Analysis.

Aspect Tools Tools References
Identification
and iRDeep2, miRE iRDeep2, miRE [111]
mi miRExpr mi miRExpr
Quantification ©epSs press °epSs press
of miRNAs
iRNA T t . .
mt . . ATge TargetScan, miRanda TargetScan, miRanda [112]
Prediction
miRNA-
mRNA
Interaction DIANA-TarBase, miRTarBase DIANA-TarBase, miRTarBase [113]
and Network
Analysis
Functional
Enrichment DIANA-mirPath, miRWalk DIANA-mirPath, miRWalk [114]
Analysis
Differential
HHerentia Utilizing statistical models, identify miRNAs with
Expression edgeR, DESeq .. . . .\ [115]
. significant expression changes across various conditions.
Analysis
Data . . . .
Inteeration Integrate and visualize miRNA, mRNA, and protein
an dg Cytoscape, miRBase interaction data to gain greater insight into complex |[116]
| ks.
Visualization regulatory networks
Example Gather RNA-Seq data from cancerous/normal tissues;
. identif; d tif iRNAs; i
oinge |t Tassan, | S 0 S s soren|
. \% ; Z X]
in Cancer DIANA-mirPath, Cytoscape 88 g. Y p .
and target gene targeting patterns, as well as visualize
Research . .
interaction networks.
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Ethical Considerations and Challenges in miRNA Diagnostics
The miRNA diagnostics, which analyze genetic material, raise
concerns about patient privacy and security. Safeguards should
be in place to protect confidentiality and prevent unauthorized
access. Informed consent is crucial, as patients should be fully
informed about the purpose, benefits, limitations, and potential
risks of testing. Proper genetic counseling should be offered
to help patients understand the implications of test results and
make informed decisions about medical interventions or family
planning. Psychological implications of miRNA diagnostics,
particularly if they reveal increased disease risks or genetic
predispositions, should be addressed. Access to appropriate
psychological support and counseling services is essential.
Ethical considerations include ensuring clinical validity and
utility of miRNA tests, which require rigorous validation studies.
Prioritizing patient autonomy, privacy, data protection, informed
consent, and equitable access can ensure the responsible and
beneficial use of miRNA diagnostics in clinical practice [118].

The miRNA mimic therapy is a novel cancer treatment approach
that requires patients to be informed about its workings,
benefits, risks, and experimental nature. Informed consent is
crucial for patients to make informed decisions, which may
require additional resources or consultations with healthcare
professionals. Patients should be informed about alternative
treatments and their right to withdraw at any point without
affecting future care. Communication should be in an easily
understandable language, avoiding technical jargon and using
visual aids or metaphors. Understanding the patient’s cultural
background and beliefs is essential for their perception of
advanced genetic therapies and treatment decisions. Discussions
should also address the potential psychological impact of the
treatment, including access to psychological support. Effective
communication is an ongoing process, with regular updates
on treatment progress, new findings, and concerns [119]. The
development of miRNA therapeutics, particularly for cancer
treatment, is a complex field with regulatory and ethical
challenges. The approval process involves extensive preclinical
and clinical trials, requiring clear guidelines for standardization
and quality control. Ethical considerations include informed
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consent, patient understanding, data privacy, and potential long-
term effects. Intellectual property rights and high costs could
hinder research and development. Balancing risks and benefits,
maintaining public trust, and fostering innovation are crucial for
miRNA therapy advancement. A dynamic approach is needed to
ensure patient safety and equity [120].

Conclusion

This review has examined the prominent function of microRNAs
(miRNAs) in cancer research and their potential in diverse
biological applications. The miRNAs, being non-coding RNA
molecules, play a vital role in regulating gene expression by
finely adjusting the amounts of gene expression through their
interaction with messenger RNA (mRNA) molecules. Altered
expression of miRNAs has been detected in various cancer
types, indicating their role in the onset and advancement of
cancer. Dysregulated miRNAs can serve as tumor suppressors
by suppressing the production of oncogenes, or as oncogenes
themselves by stimulating tumor development and metastasis.
Furthermore, the disruption of miRNAs can affect crucial cellular
pathways implicated in the progression of cancer, including as
cell growth, programmed cell death, and the formation of new
blood vessels.

Significantly, miRNAs have shown promise as significant
diagnostic and prognostic indicators for cancer. Distinct
miRNA expression profiles have been discovered that facilitate
the distinction between healthy and malignant tissues. The
differential expression patterns can be identified in diverse
clinical samples, including tissue biopsies or liquid biopsies,
providing a non-invasive method for early cancer identification
[23]. Moreover, some miRNAs have demonstrated potential
as prognostic markers, enabling the anticipation of patient
outcomes and their reaction to therapies. To establish distinct
miRNA signatures for different forms of cancer, it is necessary
to conduct additional validation studies, considering the
variability of tumors and patient groups. Conducting extensive
clinical studies is necessary to validate the clinical usefulness
of miRNAs as biomarkers for cancer diagnosis, prognosis, and
therapy response as it is shown in Figure 1.
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Figure 1: Diagnostic and Therapeutic Role of miRNA in Cancer.
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Furthermore, continuous research endeavours are focused References

on creating novel therapeutic approaches that utilize the
abnormal expression of miRNAs in cancer cells, hence creating
opportunities for precise and targeted treatments. It is imperative
to thoroughly examine the ethical implications and challenges
associated with miRNA diagnostics and treatments. Essential
factors to address include obtaining informed permission,
effective patient communication, ensuring data privacy, and
providing fair access to miRNA testing and therapy. The presence
of regulatory systems and intellectual property rights will create
further difficulties, requiring endeavors to guarantee thorough
validation, standardization, and accessibility of miRNA-based
therapeutics. Despite the difficulties encountered, the knowledge
acquired from miRNA research holds significant ramifications
for personalized medicine, illness detection, prediction, and
therapy. miRNAs possess the capacity to transform cancer
management by acting as crucial regulators and biomarkers in
cancer research. Gaining insight into the distinct functions of
miRNAs in various cancer types has the potential to enhance
diagnostic methods, facilitate the development of tailored
treatment strategies, and ultimately improve patient outcomes.
Further examination and verification of miRNAs in cancer
research will aid in the progress of precision medicine and the
creation of innovative treatments.
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