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As regulators of post-translational modifications of several target genes, miRNAs are
small noncoding RNAs (ribonucleic acid) that predict both the initiation and progression of
neoplastic disorders as well as the response to anticancer treatment. Numerous miRNAs have
shown promise in enhancing cancer cells sensitivity to treatment, while hundreds have been
found to be indicators of drug resistance. Therefore, they have become a prospective target for
reducing medication resistance because of their ability to modify how cells respond to therapy.
miRNAs have substantial clinical potential as biomarkers for cancer prognosis and diagnosis.
New optimism for the treatment of cancer has been brought about by the discoveries of miRNA
mimics and inhibitors, particularly in reversing medication resistance. The efficacy of miRNA-
based therapy procedures has been validated by research conducted in animal models and
preclinical trials for solid tumors and leukemias. However, there are several challenges and
restrictions on the involvement of miRNAs as antineoplastic drugs, such as the creation of a
stable Nano construct, the selection of administration methods, and biodistribution. Numerous
clinical trials have been implemented and have confirmed the use of miRNA molecules to
support anticancer therapy, which offers enormous potential for cancer treatment. This review’s
objectives emphasize the critical role of miRNA interactions in the development, occurrence,
diagnosis, and treatment of cancer, to offer fresh insights and approaches for cancer therapy,
to clarify and provide an overview of the role and function of miRNA-100 in the treatment of
cancer and to introduce novel therapeutic ideas for this molecule.
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MicroRNAs are short, single-stranded,
non-coding RNAs with a length of 18-25
nucleotides. They play a remarkable role in the
post-transcriptional control of gene expression.'
It has been reported that miRNAs are basic
regulators of nearly every biological activity, such
as immunological response, metabolism, apoptosis,
cell division, and proliferation.! According to
miRBase V22.0, 2 the human genome is estimated

to encode about 2600 mature miRNAs. Given
the quantity of encoded miRNAs, approximately
60% of all protein-coding genes are controlled
by miRNAs.? This underscores the significance
of comprehending these tiny, non-coding RNAs
and examining their possible impact in cancers at
both the transcriptome and proteome levels. The
molecular biology paradigm, which had mostly
concentrated on protein-coding sequences as
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the functional units of the human genome, was
challenged by the discovery of miRNAs.? To
better understand the central dogma process, a re-
evaluation of the role of miRNA, such as long-non-
coding RNAs (IncRNAs), small interfering RNAs
(siRNAs), PIWI-interacting RNAs (piRNAs,
microRNAs (miRNAs), and circular RNAs
(circRNAs), has emerged since it was confirmed
that the vast majority (99%) of the human genome
is transcribed but does not encode protein.*’
Because of their tiny size, stability, evolutionary
conservation, and strong regulatory involvement
in the post-transcriptional process, miRNAs hold
a major position.'
Biogenesis and Functions

Primary transcripts are sequentially
processed in the nucleus and cytoplasm during
the highly conserved, strictly controlled multistep
mechanisms that underlie the synthesis of miRNAs.
RNA polymerase II (Pol IT) transcribes the majority
of miRNAs into lengthy primary transcripts
(pri-miRNAs) with distinct stem-loop secondary
structures that span several kilobases. Intronic
miRNAs are a subset of microRNAs that are
encoded within the introns of genes that code for
proteins. The canonical pathway, which is driven
by the Drosha enzyme, synthesizes this group from
spliced introns without additional processing.

The RNase III enzyme Drosha and its
crucial co-factor DiGeorge Syndrome critical
region 8 (DGCR8) make up the microprocessor
complex, which initiates the first stage of miRNA
processing in canonical biogenesis pathways in
the nucleus. The distinct stem-loop structure of
the primary miRNA (pri-miRNA), 11 nucleotides
from the basal junction and single-stranded RNA
sequences are recognized and cleaved by this
complex.” eventually producing a 60-70 nucleotide
hairpin-like precursor miRNA (pre-miRNA) with
a 2-nucleotide 3' overhang.” Through a GTP-
dependent process, the Exportin-5 enzyme exports
the pre-miRNA from the nucleus to the cytoplasm.®

The RNA polymerase III (RNase III
enzyme Dicer), in conjunction with the binding
protein for double-stranded RNA-trans activation
responsive RNA-binding protein (TRBP) and, to a
lesser degree, the protein activator of PKR (PACT),
recognizes and cleaves the pre-miRNA in the
cytoplasm.® Dicer produces a brief miRNA duplex,
known as the guide: passenger strand duplex,'
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by cleaving close to the terminal loop of the pre-
miRNA hairpin. The Argonaut (AGO) family
protein that produces the catalytic core of the
RNA-induced silencing complex (RISC) carries
one strand of this duplex, known as the guide strand
or mature miRNA. The thermodynamic stability of
the 5' ends"! is a crucial factor in choosing between
the guide strands. Conversely, passenger strands
often deteriorate, but new research indicates that
they serve independent biological purposes."

The mature miRNA strand in the RISC
complex directs the complex to target the messenger
RNAs (mRNAs) through sequence-complementary
base pairing between complementary sequences
normally found in the 3' untranslated region (3'
UTR) of the targeted mRNAs and the seed region
ofthe miRNA, from the 5' end, which is nucleotides
2-8. However, recent research confirms that the 5'
UTR is a feasible mechanism to target mRNAs®.
The mechanism of silencing is determined by the
base pairing between the targeted mRNA and the
miRNA. Argonaute 2 (AGO2) catalyzes cleavage
by slicer activity when the pairing sites are ideally
matched. However, the gene-silencing method will
require translational repression by deadenylation
and decapping if the pairing is flawed, which will
result in mRNA destabilization.'> The GW182
family proteins and several downstream effectors'?
will assist the AGO protein in mediating this
process. '

A highly complex network of regulatory
mechanisms with enormous potential for
controlling and editing gene expression across all
biological pathways was developed by the power
of a single miRNA to target several RNAs and
the regulation of a single mRNA by numerous
miRNAs." Customizing certain miRNAs to target
particular mRNAs is a major problem, despite our
current understanding of miRNA production and
how they regulate gene expression.'® Because of
this difficulty, a number of techniques and large
databases, such as TargetScan, miRanda, PITA,
and miRDB"7, have been developed to enable
computational prediction of miRNA targets. These
computational techniques make predictions based
on evolutionary conservation of target locations,
thermodynamic stability, and seed sequence
matching.!”

One characteristic that distinguishes
miRNA from other RNA types is its stability
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in bodily fluids. Because mature miRNAs are
linked to AGO proteins via RISC,"” they show
notable resistance to destruction. Free synthetic
miRNAs introduced therapeutically are vulnerable
to nuclease-mediated degradation despite this
mechanism that protects miRNAs from degradation.
To improve in vivo stability, chemical modifications
such as 22 -O-methylation, locked nucleic acid
(LNA) substitution, or phosphorothioate backbone
alterations are necessary.

miRNAs dysregulation in cancer

MiRNAs have been shown in
numerous studies to have significant roles in the
pathophysiology of different malignancies. Finding
expression patterns linked to particular cancer cell
morphologies could lead to new opportunities
for cancer early identification and treatment. For
lung,"® breast,'” brain,” liver,?! colorectal cancer,?
and leukemia,? specific miRNA expression
patterns were found. MiRNA signatures may be
helpful in creating novel approaches to cancer
treatment and prevention. The precise mechanisms
governing the various stages of pathogenesis
(initiation, promotion, malignant conversion,
progression, and metastasis) remain unclear,
despite the fact that the significance of miRNA in
the pathogenesis of human malignancies has been
shown.? MicroRNAs are intriguing biomarkers for
anumber of reasons; however, the most significant
ones are the various expression patterns linked to
the kind of tumors, their exceptional stability, and
their simple and noninvasive detection because
they are present in bodily fluids like blood.

The discovery made by Calin and associates
in 2002 that the chromosomal region 13q14 in the
majority of B-cell Chronic Lymphocytic Leukemia
(CLL) patients was deleted, encoded two miRNAs
(miR-15a and miR-16-1), and exhibited down-
expression levels or was absent in the majority
of CLL tumors, supported the role of miRNAs
as tumor suppressors.’®?” The discovery that
miRNA genes are primarily located at cancer-
associated genomic regions, such as susceptible
sites, regions of loss of heterozygosity, regions of
amplification, and clusters of breakpoints, is further
supported by this study’s global survey, which
ultimately provides strong evidence that miRNA
dysregulation is a tumor hallmark in humans.?

A broad-spectrum pattern of miRNA up-
regulation across various carcinomas, including
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breast, colon, lung, pancreatic, prostate, and
gastric cancers, was described by Volinia and
colleagues in the first large-scale in-human miRNA
expression profiling of solid tumors in light of these
fundamental findings.”’ The miRNAs miR-21,
miR-17-5p, miR-191, miR-29b-2, miR-223, and
miR-128b%, were all consistently overexpressed.
The let-family, on the other hand, was one of the
most frequently downregulated miRNAs in cancer,
demonstrating their function as tumor-suppressive
miRNAs that control the Renin-angiotensin system
(RAS) and other cell signaling pathways. The idea
that miRNAs can act as tumor suppressors when
their expression is downregulated or absent, or
as oncogenes (oncomiRs) when overexpressed in
cancer, was confirmed by a number of studies that
followed these discoveries.

Through a variety of molecular
mechanisms, oncomiRs contribute to oncogenic
pathways. The numerous connections between
miRNA targets and the haphazard signaling
pathways involved in the genesis of cancer make
these mechanisms intricate.

By suppressing tumor suppressor genes,
pro-apoptotic elements, cell cycle inhibitors, and
DNA damage response factors, oncogenic miRNAs
cause initiation of tumor onset and progression. For
example, miR-21, the most researched oncomiR,
targets Phosphatase and tensin homolog (PTEN),
Reversion-inducing-cysteine-rich protein with
kazal motifs (RECK), Programmed Cell Death
4 (PDCD4), and other tumor suppressor proteins
to increase cell survival and proliferation in a
variety of carcinomas.*® On the other hand, tumor
suppressor miRNAs 23 block growth factor
receptors, immune-mediated inhibitors, and
oncogenes to control cell proliferation, invasion,
survival and metastasis.

The regulation of cancer hallmarks,
such as resistance to cell death, angiogenesis,
invasion, activation of metastasis, evasion
of immune detection, and reprogramming of
cellular metabolism, is largely dependent on
miRNAs. The miR-17-92 cluster, which targets
CTGF (connective tissue growth factor),’! and
thrombospondin-1 (THBS1), also contributes to
this mechanism. Additionally, miR-200 family
members and miR-34 regulate the epithelial-
mesenchymal transition (EMT) pathway, a crucial
stage in metastatic activation, by targeting master
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EMT as ZEBI1, ZEB2, SNAIL, and other EMT-
mediated transcription factors.*

The intricate interactions between
epigenetic, genomic, transcriptional, post-
transcriptional, and translational processes, all
of which are controlled by miRNAs, can result in
miRNA dysregulation in cancer through a variety of
mechanisms.* In addition to clarifying the biology
of cancer in connection to microRNAs, uncovering
the ambiguity behind these mechanisms is essential
for finding possible therapeutic targets through
target identification, validation, and hit discovery
centered on miRNA expression.

In tumor biology, genomic changes are
also thought to be a significant cause of miRNA
dysregulation,™ MiRNA levels are directly changed
by Copy Number Variation (CNV), which includes
deletions and amplifications of chromosomal
regions producing miRNAs.* For example,
overexpression of the encoded miRNAs,**-¢ is
correlated with chromosomal amplifications
at 13q31.1 that contain the miR-17-92 cluster,
which is found in a number of cancers, including
lung cancer, lymphomas, and colorectal cancer.
On the other hand, the expression of the tumor-
suppressive miRNAs,*”*® was considerably reduced
by deletions at 13q14 and 17p13, which encode
miR-15/16-1 and miR-34b/34c, respectively.
Furthermore, point mutations in miRNA genes
can change the expression of miRNAs and, in turn,
their activities. These alterations, however, are less
common than CNVs.¥

Moreover, the downregulation of tumor-
suppressive miRNAs in cancer,* can be explained
by epigenetic silencing through DNA methylation,
promoter methylation, and histone alterations.
Numerous miRNAs, including miR-34a, miR-
148a, miR-203, miR-9, miR-124, and many more,
have been shown to have tumor-suppressive
activity.*' They have been shown to protect
CpG-rich promoter regions that are extremely
vulnerable to hypermethylation, which can cause
transcriptional suppression in malignant cells.*
Restoring the production of repressed tumor-
suppressive miRNAs,*” by targeted medicines
like DNA methyltransferase (DNMT) and histone
deacetylase (HDAC) inhibitors, is a possible
therapeutic strategy based on the reversibility of
epigenetic changes.
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miR-100: Genomics, Biogenesis, and Baseline
Expression

On chromosome 11q24.1, the human
miR-100 gene (HGNC: MIR100) is found within
a nearly 6-kb non-coding RNA transcript.** The
miR-125b-1 and let-7a-2 families are likewise
encoded by the polycistronic cluster of miR100,
indicating co-regulation and possibly coordinated
biological function.”” The majority of miRNAs,
including miR-100,% are located in genomic
areas linked to cancer. The observation of miR-
100 downregulation in malignant tissues,* can
be explained by the miR-100 region’s high
susceptibility to chromosomal changes, which
frequently result in loss of heterozygosity (LOH)
across various cancer types. The mature miR-100
form (miR-100-5p, MIMATO0000098; sequence:
5'arm of the precursor hairpin pre-miR-100 is the
source of AACCCGUAGAUCCGAACUUGUG.
This seed sequence co-expresses with other
miRNAs, such as miR-99a and miR-99b, and is
highly conserved. Additionally, it is anticipated
that the overlap in mRNA targets will be exactly
the components of the mTOR signaling pathway.

Upstream promoter elements that react to
several transcriptional factors induce transcription
of the miR-100/let-7a-2/miR-125b-1 cluster.
Among these, NF-kB has been shown to bind to the
miR-100 promoter region and lower the production
of miR-100. Additionally, promoter CpG island
hypermethylation and histone deacetylation
are two epigenetic processes that are thought
to be important modifiers that cause miR-100
suppression in malignant cells.”’ Previous studies
evaluated the ability of trichostatin A (TSA), an
inhibitor of histone deacetylase enzymes, and
5-aza-2'-deoxycytidine (5-AZA), an inhibitor
of DNA methyltransferase, to restore the levels
of miR-100 in cancer cell lines that had been
epigenetically silenced. All of these agents were
successful in reversing miR-100 expression
levels. confirming that epigenetics is the primary
mechanism underlying the attenuated expression
of miR-100 in cancerous cells rather than genetic
deletion alone.*#

miR-100 is an important tumor-
suppressive miRNA that plays a critical role in
the development and spread of different types of
cancer. By targeting oncogenes, miR-100 controls
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the growth, migration, invasion, and apoptosis of
cancer cells. Additionally, miR-100 inhibits the
growth of tumors by modifying leading signaling
pathways such as Wnt/a-catenin and PI3K/AKT.
As a non-invasive biomarker for early screening,
miR-100 shows promise for early diagnosis of
cancer, especially in cancer types like lung and
stomach cancer. Restoring miR-100 expression as
a therapeutic target can better enhance and improve
patient prognosis by increasing the effectiveness
of targeted therapy or chemotherapy. Recent
research indicates that miR-100 holds promise
for individualized treatment and early diagnosis,
despite obstacles to its clinical application, such
as delivery systems and safety issues. Research on
miR-100 offers hope for cancer therapy, especially
in China, where the death rates of cancers including
liver, gastric and lung cancer are still rising. This
highlights the potential of miR-100 for clinical
translation, since cancer is still a major worldwide
health concern.

microRNA gene or intron
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It has been reported that miR-100
functions as a tumor suppressor in a number of
cancers, including thyroid cancer (TC), ovarian
cancer (OC), bladder cancer, prostate cancer
(PCa), and gastric cancer (GC).>*® miR-100 is
often dysregulated in cancer. By blocking several
genes involved in these pathways, miR-100
promotes apoptosis while inhibiting the growth,
migration, and invasion of cancer cells.’! Zhang
et al. > reported that miR-100 targeted RB protein
serine phosphatase from chromosome 3 (RBSP3)
to limit the proliferation and cell cycle of FTC-
133 cells. Furthermore, miR100 is a crucial
regulator of how cancer cells react to radiation and
chemotherapy, increasing the chemosensitivity and
radiosensitivity of head and neck squamous cell
carcinoma, lung cancer, and colorectal cancer.>**

The brain, kidney, liver, and immune cells
are among the organ systems where miR-100 is
typically produced at high levels. Angiogenesis,
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osteoblast differentiation, and immune cell
development are all significantly regulated by miR-
100. Moreover, hematopoietic stem and progenitor
cells (HSPCs) produce miR-100, which controls
the differentiation and self-renewal of these cells.*
miR-100 Regulatory Role: Molecular Targets
and Signaling Pathways

The molecular target of rapamycin
(mTOR), primarily mTORCI (mTOR complex
1), is the most sophisticated and proven pathway
that miR-100 targets, with substantial functional
implications. Highly conserved binding sites for
miR-100,>* were found in the 3' UTR region of
the mMTOR mRNA. Numerous studies have looked
into this, demonstrating the physical contact
and functional inhibition of mTOR pathway
components by miR-100 at the mTOR pathway
level, as shown by western blotting and luciferase
reporter tests. By controlling signals related to
energy, nutrients and growth factors, the serine/
threonine kinase mTOR promotes growth of the
cell, metabolism, and survival. The PI3K/AKT/
mTOR axis is the most commonly dysregulated
pathway, as seen in the majority of cancer types.**’

Targeting mTOR, miR-100 can decrease
downstream effectors and components such as
HIF-14 (hypoxia-inducible factor 1-alpha), 4E-BP1
(eukaryotic initiation factor 4E-binding protein 1),
and p70S6K1 (S6 Kinase 1). Protein levels and
aerobic glycolysis (Warburg effect), angiogenesis,
and cellular proliferation will all be lowered as a
result of this suppression. Additionally, it inhibits
carcinogenesis by promoting autophagy through
the activation of the ATG13/ULK1 complex.

Insulin-Like Growth Factor 1 Receptor
(IGF1R) is areceptor tyrosine kinase that activates
the PI3K-AKT and RAS-ERK pathways to
promote cell survival and proliferation. It has been
demonstrated that IGFIR, which is abundantly
expressed in a variety of cancers, confers resistance
to cytotoxic and targeted therapies.*® miR-100 has
been investigated and demonstrated to decrease
the expression of IGF1R mRNA in breast cancer,
hepatocellular carcinoma, osteosarcoma, and
glioblastoma cell lines.* Critically, miR-100
reduces downstream AKT phosphorylation and cell
viability, and sensitizes cells to IGF1R-mediated
inhibitors,® by targeting its 3'-UTR.

MiR-100’s inhibitory action and regulation
of genomic stability are supported by its role in
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targeting mitotic kinases, which highlights the
significance of using miR-100 as a co-directed
therapy for cancer patients.'

A transcription factor that aids in
embryonic processes, Homeobox A1(HOXA1),
is a member of the Homeobox A group and is
aberrantly re-expressed in a number of malignant
diseases because it encourages a tumor-initiating
cell phenotype. It has been established that miR-
100 targets this transcription factor in colorectal
cancer. This eventually stops the pro-survival gene
network from being activated.®
miR-100 as a Replacement Therapy

Reversing miR-100 expression present a
a viable therapeutic approach given the significant
role miR-100 plays as a tumor suppressor in non-
small cell lung cancer (NSCLC). By providing
tumor cells with synthetic mimics, miRNA
replacement treatment typically induces or reverses
low miRNA levels. In preclinical NSCLC models,
this strategy has been extensively studied and the
antitumorigenic activity has been demonstrated
by Liu et al.*® and Chen et al. ®' These studies
demonstrated that delivering miR-100 mimics
to A549 and other cell lines, inducing cell cycle
arrest, apoptosis, and growth inhibition by
decreasing Polo-Like Kinase 1 (PLK1) and mTOR.
However, immune recognition during circulation
and miRNA nuclease degradation are the primary
obstacles impeding the implementation of miRNA
replacement therapy in clinical settings.

Chen et al. ' elucidated the biological
function of exosomes in miR-100 transfection in
NSCLC cells. In order to reverse low miR-100
levels and restore miR-100 capabilities against
resistant tumor cells, modified exosomes loaded
with miR-100-5p emerged as potential as a delivery
vehicle. The most important methods for increasing
the viability of exosome-mediated miRNA delivery
for clinical applications have been the new
developments in exosome engineering, such as
surface modification with tumor-targeting ligands,
electroporation-based loading, and delivery into
cancer cell-derived exosomes.*

Despite encouraging preclinical results,
miRNA-based treatment still faces significant
obstacles to overcome. The primary challenge lies
in effective distribution of miRNAs to tumor tissue
without causing side effects. This necessitates
sophisticated delivery methods including lipid
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nanoparticles, exosome-based carriers, and
aptamer-conjugated systems. Because miRNAs can
target hundreds of mRNAs, their pleiotropic nature
raises the possibility of unintentional gene silencing
and immunostimulatory effects. Furthermore, the
blood-brain barrier presents unique difficulties
for CNS cancers, and intratumoral heterogeneity
may restrict the effectiveness of single-miRNA
treatments. Clinical development is further
complicated by manufacturing and regulatory
challenges related to RNA therapies, including
scalability and stability under physiological
settings.

However, there have been some reported
controversial results. Some contentious studies
indicate that miR-100 may play an oncogenic
function in specific cancer situations, despite
its suppressive effects in a variety of cancer
types. For instance, miR-100 overexpression has
been associated with poor prognosis and tumor
development in NSCLC,* in stark contrast to its
tumor-suppressive actions in GC and peripheral
T-cell lymphoma.® This dual involvement could be
explained by cancer heterogeneity and variations in
the genes that miR-100 targets in various cellular
contexts. Moreover, studies suggest that distinct
modulation of its downstream signaling pathways,
including the PI3K/AKT, mTOR, and Wnt/p-
catenin pathways, may impact the role of miR-100
in different cancer types, further complicating its
biological functions.®
Limitations of Replacement Therapy

A phase I study by Van Zandwijk et
al.’” examined the safety and efficacy of miR-
16-loaded bacterial minicells (TargomiR) as
a potential pharmacotherapeutic for recurrent
malignant pleural mesothelioma, yielding very
encouraging results regarding the introduction of
miRNA into clinical practice. The primary targets
of the Nano construct were genes implicated in the
development of this malignancy, such as B-cell
lymphoma 2 (BCL2), Cyclin-Dependent Kinase
1 (CDK1), and JUN, and its targeted Epidermal
growth factor receptor (EGFR), a mesothelioma
overexpression receptor. Given that palliative
chemotherapy is the sole treatment option for most
patients, the use of the miR-16 agonist represents a
novel therapeutic approach for this cancer.® After
intravenous delivery, the created Nano construct
faced challenges in protecting the nucleic acid from
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degradation in the peripheral blood and overcome
the fibrous nature of the tumor barrier. However,
the investigators were unable to verify that miR16-
mimetics were successfully delivered to tumor
locations in vivo.

Increased inflammation was the most
serious of the numerous adverse effects observed. It
was suggested that the carrier’s bacterial origin was
the most likely cause of these adverse effects.®™

CONCLUSIONS

miRNAs are naturally occurring cell
components, thus they are unlikely to be harmful
or have major adverse effects. In recent years,
the significance of miRNAs as therapeutic agents
has increased, as has our understanding of how
alterations in cancer miRNAs impact treatment
response. Consequently, the growing number of
initiatives to introduce miRNAs into therapeutic
procedures as targeted medications is therefore
not surprising. Encouraging experimental results
have demonstrated the strong efficacy and
low antigenicity of this type of personalized
treatment. MiR-100 holds great potential as a
promising biomarker for early cancer diagnosis.
Abnormal expression of miR-100 is strongly
associated with cancers such as lung and stomach
cancer, making it an ideal candidate for early
detection. MiR-100 expression can improve
the effectiveness of chemotherapy or targeted
therapies by preventing cancer cell invasion and
proliferation. However, some challanges remain
regarding the clinical application of miR-100,
including safety evaluations and delivery system
modification. Further steps are needed to enhance
the stability and biocompatibility of miR-100
for clinical use. Future research should focus on
developing effective delivery vectors. In summary,
miR-100 possesses the potential to serve as a
biomarker and a therapeutic target for personalized
therapy and early diagnosis.
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