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Abstract

The field of miRNA-based therapies is constantly expanding as a result of substantial research
conducted across the world. Exosomal origin must be addressed for the use of exosomal
miRNA in cancer diagnostics. A uniform procedure for exosome separation and detection
should be devised, as current approaches have various limitations. More research on
maximizing the benefits of target variety while avoiding off-target impacts is needed. miRNAs
are involved in a number of cancer-related pathways, as well as developmental and regulatory
processes. miRNAs control a large number of genes. The possibility of miRNA treatments
having an off-target impact is a serious worry. Various techniques, including viral, nonviral,
and chemical alterations, are recommended to improve target delivery. Nanoparticle-based
delivery is being studied extensively, and attempts are being made to reduce toxicity and
cellular accumulation. Next-generation sequencing of miRNAs is being used to study the
functions that miRNA can play as a biomarker for diagnosis, detection, and prognosis. Several
miRNA signatures unique to cancer types have evolved, with some of them now being tested
in therapeutic studies. Antisense oligonucleotides that block miRNIs, tumor and CSC-targeted
nanoparticle treatment, and combination treatment with chemotherapeutic agents are all
promising clinical strategies for cancer personalized medicine.
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Introduction

MicroRNAs are tiny noncoding RNAs that influence gene expression post-transcriptionally
(miRNAs). They are usually 20-22 nucleotides long and are indigenous to the cell. (3) It has
now been demonstrated via different experimental research that miRNA dysregulation has a
significant impact on the genesis and progression of cancer in people. They regulate a wide
range of biological activities, including cancer, by activating oncogenes through transcription.
MiRNAs govern diverse biological processes such as cell differentiation, proliferation, and
death through feedback mechanisms by detecting the complementary area in the 3’ untranslated
region (UTR) of multiple target RNAs. (5)

For the first time, Ambros et al. discovered a miRNA termed lin-4 in Caenorhabditis worms
(C. elegans) that controls lin-14 protein production, laying the groundwork for miRNA study.

(6) Following that, Reinhart et al. (7) discovered that let-7 inhibits lin-14 protein production
via an RNA-RNA sequence-specific interaction with the heterochronic gene lin-41's 3’ UTR.
These short noncoding RNAs attach to a sequence-specific target mRNA and change its
expression, according to this research. The expression pattern of a large pool of mRNAs has
been demonstrated to be profoundly affected by deregulation of a single or small fraction of
miRNAs. (8), (9) As a result, multiple additional investigations have shown that miRNAs are
substantially conserved throughout all domains of life, indicating that miRNAs have a broad
post-transcriptional regulatory role. (10-12) Through unique interactions with epigenetic
modifiers, proteins, transcription factors, and RNP complexes, all of this research has
established miRNAs as a crucial regulator of cellular processes. (13-15)

Calin et al. (16) used B-cell chronic lymphocytic leukaemia (CLL) cells to demonstrate for the
first time the function of miRNA in human cancer. In CLL cells, two miRNA genes, miR-15a
and miR-16-1, are usually observed to be deleted. Mir-15 and mir-16-1 genes were also
discovered to operate as tumor suppressors by inhibiting the bcl-2 protein and triggering
apoptosis. (16) The importance of miRNAs in cancer was proven in this study. Since then,
multiple studies have confirmed the role of miRNA in cancer formation and progression. (17,
18)

The development of next-generation sequencing and miRNA profiling techniques has
substantially aided our understanding of miRNAs for cancer detection, classification,
diagnosis, and prognosis. The importance of miRNAs in cancer and their increasing relevance
as therapeutic targets are discussed in this study. Finally, we talk about the difficulties of
miRNA research and its clinical applications.
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Biogenesis/biosynthesis of miRNA and regulatory mechanisms

MiRNA biogenesis is well conserved. MiRNAs are encoded in the genome in a variety of ways,
including clusters of numerous precursors or production of intergenic transcripts, each of which
encodes just one strand of pre-miRNA (which then adopts a hairpin-like secondary structure).
(19) RNA polymerase II is primarily used for pri-miRNA transcription, but RNA polymerase
III is also used in rare cases. (20, 21) Pri-miRNA is subsequently translocated into the nucleus,
where endonuclease enzymes such as DGCR8 (RNA-binding protein) and DROSHA (a type
IIT RNase) cleave the transcribed sequence into an 80—-100 nucleotide long pre-miRNA
sequence. (22, 23)

The pre-miRNA is subsequently exported from the nucleus to the cytoplasm by the
Ran/GTP/Exportin-5 complex. (24) Dicer, a cytoplasmic ribonuclease (RNase III) enzyme,
cleaves the pre-miRNA into a double-stranded mature miRNA strand in the cytoplasm. (25)

The released mature single strand miRNA attaches to Argonaute 2 (AGO 2) as a result of this
processing step, forming the RNA-induced silencing complex (RISC). This complex has the
ability to attach to 3'UTRs that are particular to their cytosolic mRNA targets on their own.
Binding to mRNAs is based on base-pairing complementarity at the 5’ end of the mature
miRNA or open reading frame and the cytosolic mRNA molecule, with the seed region, which
is approximately 6—8 bp long from the 5’ end of the miRNA, being approximately 6—8 bp long
from the 5’ end of the miRNA. Because the binding site is so small, the miRNA may target a
huge number of distinct mRNAs. (26-28) Methyltransferases like 3 govern miRNA synthesis
by methylating pri-miRNAs, marking them for DGCR8-based detection and processing, finally
resulting in a mature miRNA. (29)

Helwak et al. employed an unbiased methodology called CLASH to gain a better understanding
of how miRNA-mRNA base-pairing influences gene expression. They discovered a new
noncanonical binding cluster that was unaffected by seed region or interaction complexity.
Imperfect complementarity leads to translational repression, whereas complete
complementarity leads to mRNA destruction once the mRNA and miRNA contact is formed.
(30, 31)

miRNA has been demonstrated to behave as a ligand in tumors, upregulating a variety of
signaling pathways. The manipulation of a nuclear factor-kB signaling pathway by miRNA
was discovered to influence Toll-like receptor I in natural killer cells. (32) MiR-21/miR-29a,
for example, is released by tumor cells and is signaled to immune cells through TLRS, causing
a pro-metastatic inflammatory response that may contribute to tumor development and
metastasis. (33) As a result, every change in miRNA biogenesis has a profound impact on a
variety of cancer-related processes and pathways.
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The role of microRNA (miRNA) in cancer

MiRNAs have been identified as a unique cell component that is variably expressed in sick and
normal cells in recent years of research. (34) The relevance of miRNAs in cancer biology has
recently been proven through their modulation of gene expression. MiRNA aids tumor
invasion, proliferation, immunological invasion, and angiogenesis by acting as a facilitator.
(35, 36) These studies have highlighted potential miRNA-based cancer biomarkers that may
be identified in a variety of bodily fluids, allowing for less invasive cancer detection and
surveillance. (37) When a cluster of miR-15 and miR-16 was discovered at 13q14.3, which is
usually deleted in CLL, it was the first indication of altered miRNA levels in malignancy. (16)
By researching the ‘tumour microenvironment,' Hanahan and Weinberg (38) demonstrated the
significance of miRNA as a characteristic in numerous forms of cancer. Different types of
tumors have distinct miRNA signatures that aid in the classification of cancer kinds. (39)
Various cancer-related targets and their corresponding miRNAs have been well-characterized
via different research.

The homeostatic maintenance of gene regulation, which is extremely cell-type dependent, and
(2) cell destiny specification and the preservation of cell identity through feedback mechanisms
are the two fundamental roles of miRNAs. (34) Changes in miRNAs help cells adapt to
changing circumstances in their microenvironment in response to stress. (19) This has been
found in glioblastoma, where low miR-451 levels are linked to low glucose levels. MiR-451
controls the activation and repression of the AMP-activated protein kinase pathway, which
controls cell survival and mammalian target of rapamycin-activated cell proliferation. (40)
Cancer cells have microRNA-specific genetic mutations that lead to changes in target binding,
processing, and post-transcriptional modifications in the 3'UTR of mRNA. Due to loss of the
3'UTR, single nucleotide polymorphisms, and mutations, microRNA control of mRNA is lost
in cancer cells during mRNA splicing. (42) Mutations that cause the miRNA processing
machinery to be less efficient result in a considerable drop in the overall quantity of mature
miRNA in the cell. Low amounts of mature miRNA are frequently seen in tumors, which can
be caused by genetic loss, epigenetic silencing, alterations in the biogenesis route, or
transcriptional repression. (43, 44) Some tumors with microsatellite instability have the same
pattern. Mutations in exportin-5 (XPOS5) cause pre-miRNAs to be trapped inside the nucleus,
blocking miRNA processing. (45)

DICER expression has been discovered to be reduced in a variety of human carcinomas,
including lung cancer, ovarian cancer, and CLL. (46-48) Binding of BCDIN3D (Bicoid-
interacting 3, domain-containing) influences O-methylation of 5' monophosphate, which
affects miRNA processing since that methyl mark is necessary for effective DICER cleavage
and hence adversely regulates miRNAs. (49) Reduced Dicer expression, for example, is linked
to a drug resistance sign and poor drug therapy results in ovarian cancer. (50) Overexpression
of DICER, in contrast to these findings, has been linked to prostate cancer development. (51)
Furthermore, oesophageal cancer is associated with Drosha locus amplification. (52) These
findings imply that determining the frequency of these mutations as well as changes in the
miRNA expression profile in a variety of cancer types is critical.

ISSN: 1559-0836 20-3] 18



Metal lons in Life Sciences

Mechanisms of cancer-related miRNA dysregulation

In human cancers, there is a lot of variation in the degree of miRNA expression in malignant
cells compared to normal ones.

Genes encoding miRNAs are amplified or deleted.

Gene amplification, deletion, or translocation are hypothesized to produce changes in miRNA
expression levels in malignant cells. In lung cancer and B-cell lymphomas, for example,
amplification of the gene encoding miR-17-92 clusters has been found. (17, 18) In B-cell CLL
patients, on the other hand, there is a loss of miR-15a/16-1-related genes on the 13ql4
chromosome. (16) Similarly, lung cancer patients had miR-143 and miR-145 deletions in the
5933 locus. (53) However, translocations have been seen, such as the translocation of miRNA-
17-92 in T-cell acute lymphoblastic leukemia, which induces overexpression of this miRNA.
(54) These findings were verified in 227 specimens representing human breast cancer, ovarian
cancer, and various melanomas using an array-based comparative genomic hybridization
approach. (55)

In addition, whole-genome sequencing of these samples revealed that a large number of
miRNA genes are found in cancer-associated genomic areas, such as tumour suppressor genes,
oncogenes, and common breakpoint areas. As a result of the deletion, amplification, and
translocation of certain genomic locations, various areas in the genome are responsible for
changing miRNA expression patterns.

Epigenetic changes

Cancer cells have abnormal epigenetic changes such as hypermethylation of tumor suppressor
genes, variations in histone modification patterns, and global DNA hypomethylation. (56) A
large number of miRNA loci are linked to CpG islands, suggesting that DNA methylation-
based epigenetic control of miRNA production is important. (57) AML1/ETO (AML fusion
protein) epigenetic suppression of miR-223 expression via CpG methylation is one example.
(58) In DNA methylation and histone acetylation inhibitor-treated T24 bladder cancer cells,
seventeen miRNAs were elevated more than. MiR-127 (embedded in CpG Island) was
dramatically increased in treated cancer cells relative to normal cells, downregulating the proto-
oncogene BCL6 at the same time. These findings imply that DNA methylation and histone
acetylation inhibitor therapy can be used to reduce tumors depending on miRNA expression.
(59) Moreover, several investigations have shown that DNA hypomethylation-mediated
overexpression of putative carcinogenic miRNA occurs. (60, 61)
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MiR-29 expression inhibits the expression of DNMT3A and DNMT3B, (62) genes necessary
for DNA methylation regulation, indicating that miRNA and epigenetic processes have a
significant link to cancer. In NSCLC (nonsmall-cell lung cancer), restoring miR-29 levels
results in the expression of CpG island methylation-silencing tumour suppressor genes. MiR-
101 targets EZH2, a kind of histone methyltransferase that affects cancer cell survival and
metastasis by silencing target genes. (63) The miR-200 family targets SUZ12, a polycomb
repressor complex 2 component that has the propensity to produce cancer stem cells (CSCs).
Increased expression and binding of SUZ12, H3-K27 tri-methylation, and E-cadherin gene
suppression result from the loss of miR-200 expression. (64)

Lujambio et al. (65) found miR-148a and miR-34b/c as a hypermethylation-specific suppressor
of cancer cells with reduced tumor development and metastatic development. All of these
instances highlight the function and significance of epigenetic control by miRNAs, as well as
their potential to modify DNA methylation and histone acetylation levels of the genes in
question, demonstrating their relevance as cancer diagnostic or prognostic biomarkers.

miRNA transcriptional control

Almost half of the miRNA genes are found in the introns of protein-coding genes or in long
noncoding RNA genes, and they have promoters and enhancers linked with them. (66) RNA
polymerase II is responsible for the transcription of genes that only encode miRNAs. Because
the miRNA gene is present in a clustered form, miRNAs are generally translated as a
polycistronic message. A single factor controls many miRNA genes via a complicated circuit
of feedback and feed-forward loops, which is governed by a multitude of RNA polymerase 11-
associated transcription factors.

Multiple studies have shown that transcription factors like c-Myc and p53 regulate miRNA
expression in various malignancies. c-Myc is often elevated as a result of the activation of the
miR-17-92 cluster, which regulates apoptosis and cell proliferation in malignant cells. c-Myc
also inhibits the transcriptional activity of tumor-suppressive miRNAs from the miR-15a, miR-
26, miR-29, miR-30, and let-7 families. (43) This is hypothesized to be due to a feedback loop
in which c-Myc controls miR-122 by binding to its promoter, while Tfdp2 and E2fl are
indirectly blocked by miR-122, resulting in c-Myc transcription being repressed. As a result,
the significance of this feedback loop in the development of carcinoma is highlighted. (68) In
nonsmall cell lung cancer, the hepatocyte growth factor receptor c-MET regulates the
production of miR-221/miR-222 clusters, which in turn regulates the transcriptional factors
API1 and ELK-1, resulting in a negative feedback loop with miR-27a. (70, 69) The miR-148a-
5p/miR-363-3p gene promoter is directly targeted by c-Myec, inhibiting its expression in a
similar loop. These also help the cell cycle advance, particularly from the G1 to the S phase.
As a result, miR-148a-5p inhibits c-Myc production and miR-363-3p destabilizes it via
targeting a ubiquitin-specific protease directly. (71)
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Between p53 and miR-34, there is a synergistic sort of loop that confers a tumor-suppressive
effect. (72) It has been demonstrated that p53 attaches directly to the promoter of the mir-34a
gene and initiates the apoptotic process. (73, 74) As a feedback mechanism, miR-34a
downregulates SIRT1, which in turn negatively regulates pS3 via deacetylation and hinders
p53-dependent transcriptional apoptosis. However, there is a rise in p53-mediated apoptosis
that is not transcriptionally reliant. (75) p53 regulates the expression of miR-107, miR-605, and
miR-1246, ( Dicer] transcription can be regulated by p63, a member of the p53 family. Dicerl
expression is particularly low in tumors with a p63 deficit, which leads to low levels of mature
miRNAs, which leads to an increased susceptibility to metastasis. (79)

Defects in the mechanism that produces miRNA

Dysregulation of enzymes and/or cofactors involved in the biogenesis pathways, such as Dicer,
Drosha, DGCRS, and exportin 5, has a major impact on total mature miRNA levels. When
Dicerl and Drosha were largely deleted in both in vitro and in vivo models, accelerated
carcinogenesis was found in several kinds of tumors. (80) Drosha processing has been
discovered to be an important stage in the control of miRNAs in cancer and embryonic
development. (81) Dicerl dysfunction has been linked to increased tumor metastasis and
initiating potential in colorectal cancer cells. (82) Furthermore, ovarian cancer patients with
high mRNA levels of Dicer and Drosha have a longer median survival. (83) On the other hand,
decreasing Dicer expression levels are linked to a worse patient survival rate. (47, 84)

Argonaute proteins (AGO) are important regulators of RNA silencing, and their dysregulation
can lead to cancer. Wilms' tumor of the kidney has been shown to lack the human
EIF2C1/hAgol gene. (85) Melanomas have lower levels of AGO2 expression than primary
melanocytes. In primary gastric cancer patients, on the other hand, significant AGO2
expression has been detected. (87) Lin28, a highly conserved RNA-binding protein that
regulates miRNA let-7 processing, has been linked to cancer, cell pluripotency, and
developmental timing. (88) Exportin 5 (XPOS5) is a dsRNA-binding protein that helps pre-
miRNA leave the nucleus and enter the cytoplasm. Pre-miRNA is stuck in the nucleus because
a shortened form of the XPOS5 gene is unable to export it from the nucleus, resulting in poor
mature miRNA processing. (45) Interestingly, restoring the XPOS5 function normalizes miRNA
processing while simultaneously acting as a tumor suppressor. It's worth noting that a variety
of different miRNAs can control miRNA processing. The miR-103/107 family of miRNAs
targets DICER in aggressive breast tumors, lowering the global miRNA level. In summary,
chromosomal abnormalities, transcriptional alterations, nuclear receptors, and errors in miRNA
synthesis are the primary processes connecting miRNAs to cancer.
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Tumors with altered miRNA expression

Tumours develop the capacity to resist apoptosis, avoid growth inhibitors, sustain proliferative
signaling, enable replicative immortality, stimulate angiogenesis, and commence invasion and
metastasis. (38) Because miRNA profiling of these tumors revealed aberrant expression when
compared to normal tissues, it's thought that dysregulated miRNAs act as tumor suppressors or
oncogenes, depending on the gene target, influencing any of the above-mentioned hallmarks.
The cell cycle is controlled by the balance of extracellular signaling molecules and intracellular
activities. MiRNAs have been found to be integrated into several cell proliferation pathways,
hence prolonging proliferation and evading growth control in malignant cells, according to
recent research.

The E2F proteins are important cell proliferation regulators that are controlled by miRNAs in
a cell cycle-dependent manner. E2F1-mediated gene transcription induction has been seen
during the G1 to S transition stage. (89) E2F1-/- mice developed a variety of cancers, indicating
that E2F1 functions as a tumor suppressor. The MiR-17-92 cluster inhibits E2F1 translation
after c-Myc activation. (67) The miR-17-92 cluster also regulates E2F2 and E2F3 translation.
(90) To accomplish cell cycle progression in normal cells, a feedback mechanism controls the
expression of the miR-17-92 cluster and E2F. (91) Overexpression of the miR-17-92 cluster in
tumors causes a break in the feedback loop, which leads to cell growth. (92) MiRNAs also
control cyclins, cyclin-dependent kinases (CDKs), and CDK inhibitors, all of which are
required for cell cycle advancement.

The deletion of Dicer-1 in Drosophila germline stem cells prevented the transition from G1 to
S phase, revealing the relevance of miRNAs in this process.(93) Furthermore, elevated
expression levels of CDK inhibitors (Dacapo) from the p21/27 family were identified in this
setting, indicating that miRNA-mediated downregulation of the protein might promote cell
cycle advancement. In glioblastoma cells, the Cdk inhibitor p27kip1 is specifically targeted by
miR-221/222. (94) High levels of miR-221/222 in malignant cells promote cell growth,
whereas low levels cause G1 cell cycle arrest. Both primary tumor samples and cancer cell line
investigations corroborate these findings. (95-97) Furthermore, overexpression of miR-
221/222 has been reported in a variety of human tumors, corroborating previous results that
Cdk inhibitor p27kipl regulation is part of an oncogenic pathway. Other than p27Kipl, the
miRNA family comprising miR-302, miR-663, and miR-24 controls p21CIP1 and p16INK4a.
(98, 99) MiR-663 and p2ICIP1 establish a molecular loop that is responsible for
nasopharyngeal cancer cell growth. (100) MiRNAs also affect the expression of cyclins and
Cdks, as miRNA-545 reduces the production of CDK4 and cyclin D1 in lung cancer cells as a
result of cell cycle arrest. (101)

MiRNAs also control cell growth by regulating a range of signaling pathways. MiR-486, for
example, affects cell proliferation and migration by targeting the PI3K and insulin growth
factor (IGF) signaling pathways 85, IGF1, and IGF1R.(102) As a result, altered miRNAs have
been linked to cancer in a number of ways, making them a potential target for cancer treatment.

Identifying and blocking critical cancer-related pathways
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As targets, the cell cycle and cell proliferation

MiRNAs are well-known for their involvement in modulating cell proliferation, affecting
several regulatory pathways, and thus having a significant impact on carcinogenesis.
Overexpression of oncogenic miRNAs allows malignant cells to enter and continue through
the cell cycle. MiRNAs that inhibit tumor development are frequently lost during cancer and
so play a role in cell cycle arrest. (103) The retinoblastoma (pRb) pathway is involved in a
number of human malignancies and has a considerable impact on cell cycle control. (104,105)
It works by suppressing the E2F transcription factor family, which regulates the expression of
genes important for cell cycle progression. (106) Phosphorylation of pRb by cyclin-dependent
kinases causes E2Fs to activate gene transcription. Specific kinases and cyclins form
complexes with active CDKs to facilitate the cell cycle's passage through its stages. (107)
Growth-restricting miRNAs operate on growth. -decreasing pathways like p53 or growth-
enhancing mitogenic pathways like RAS/RAF/MAPK to target these critical cell cycle
components (i.e. CDKs and cyclins). (107, 108) MiR-20a, miR-125b, and miR-17-92 clusters,
for example, inhibit tumor growth by targeting the E2F transcription factor. 67, 109, and 110

The CDK inhibitors from the cip/kip family reveal that miRNAs influence cell cycle inhibitors,
which adversely control CDKs. The miR-106b and miR-17-92 families target p21, a powerful
CDK inhibitor and a key modulator of the p53 gene's G1 phase arrest in the cell cycle. Using
a luciferase test, Wu et al. found that roughly 28 miRNAs had the capacity to target the 3'UTR
region of p21 mRNA. (111) Similarly, miRNAs regulate p27 and p57 post-transcriptionally.
The miR221/222 cluster, in particular, regulates p57. (112, 96) As a result, miRNAs play an
important role in cancer cell entrance and progression through the cell cycle.

Targeting senescence

Senescence is the end of the cell cycle that can not be reversed. There are two forms of
replication senescence: replicative and premature senescence. The shortening of telomeres
causes replicative senescence, whereas greater oxidative stress levels, DNA damage signaling,
or elevated oncogene expression levels cause premature senescence. (113) Because miRNAs
inhibit cell cycle progression, they play a role in the onset of senescence. The senescence
inducers pl16 and p19, for example, are suppressed by HMGA2, which is the main target of
miRNA let-7. (114-116) In replicative senescence, miR-24 is downregulated. (98) MiR-34a, a
member of the miR-34 family, controls p53 and acts as a senescence regulator by targeting
numerous locations. (75, 117, 118)
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MiR-34a and the p53 de-acetylating enzyme SIRT1 create a complicated feedback loop that
regulates miR-34a production and activity (75, 119, 120). It is also controlled by ELK1 of the
ETS family. Hence, p53 isn't the only one who controls it. E2F1 and E2F3 also induce four
separate clusters of miRNA, let-7a-d, let-7i, mir-106b-25, and mir-15b-16-2, during the
transition from G1 to S phase. In fact, they stymie this transition by stymieing a variety of E2F
gene targets and cell cycle promoters. (122) Senescence is a very diverse process with various
regulators and elements involved in its onset, maintenance, and regulation. Because miRNAs
may alter several genes and pathways, they can effectively regulate senescence, perhaps acting
as a senescence promoter.

Cancer stem cells could be a target.

The CSCs theory claims that cancer is caused by a small number of cells with stem cell-like
qualities. (123) A group of protein-coding genes, specifically surface markers, are involved in
CSC self-renewal and asymmetrical cell division. CSCs' tumorigenicity, treatment resistance,
and asymmetrical cell division are all influenced by miRNAs. (124) Its effects on CSCs are
thought to be caused by the overexpression of oncogenic miRNAs and a downregulation of the
tumor suppressor gene. (92) According to molecular research, oncogene-targeting miRNAs are
found in vulnerable locations and are susceptible to miRNA loss or decrease, causing certain
oncogenes to upregulate.Finally, these modifications have an impact on a variety of cancer-
related activities, including metastasis, anti-apoptotic, tissue invasion, and treatment resistance.
(125)

In recent years, a novel cancer treatment method has been developed that precisely targets
CSCs. There are substantial challenges to this method, as it is critical that CSCs and other
malignant cells be recognized using multiple molecular distinctions and markers. The most
successful type of therapy is cell-based targeted administration of miRNA inhibitors or miRNA
mimics. CSCs differ from regular stem cells in terms of CSC marker expression as well as
glycosylation patterns. (126) This provides for further differentiation, and the creation of
antibody-conjugated nanoparticles or liposomes targeting CSC-specific glycans will allow for
selective delivery of CSC-suppressing miRNAs. As a result, miRNAs serve as functional
markers for CSCs, and future research might disclose the significance of miRNAs in CSC
biology, especially in diagnosis, prognosis, and therapy, thereby improving cancer treatment
and minimizing side effects.

Increasing the sensitivity of cancer cells to medicines

Only around 12% of the human genome codes for proteins. Nevertheless, 70-80% of the
genome is translated into RNA. This demonstrates the role of noncoding RNAs in protein
synthesis control. (127-129) Targeting miRNAs might, in theory, change the protein levels of
genes involved in cancer cell biology. For tiny compounds, low protein levels are linked to
poor therapeutic effectiveness. As a result, small chemical inhibitors targeting miRNA would
limit oncogenic expression. (2)
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Costales et al. developed Targaprimir-515, a selective pri-miR-515 inhibitor that inhibits
mature miR-515 synthesis, resulting in increased expression of the sphingosine kinase 1 (SK1)
and sphingosine-1-phosphate (S1P) proteins, which are involved in cell migration and
proliferation. More importantly, they observed high levels of human epidermal growth factor
receptor 2 (HER2) expression in HER2-negative MCF-7 cells, demonstrating MCF-7 cell
sensitization to Herceptin (HER2 targeting medication) after treatment. The specificity of this
small molecule was demonstrated when 99.7% of the genes were unaffected by pri-mir-515
inhibitor treatment, and healthy breast epithelial cells named MCF-10A were unaffected since
they lacked miR-515. (130)

Similarly, miRNAs have a role in improving the efficacy of anticancer treatments. In liver and
kidney cancer, for example, miR-27b sensitizes a wide range of anticancer treatments. This is
accomplished by boosting the levels of miR-27b, which is commonly deleted in both liver and
kidney cancers. Patients with high levels of CYP1B1 or p53 wild type are more sensitive to
anticancer medicines because miR-27b assists in the activation of p53-induced apoptosis and
drug detoxification via CYP1BI. (131) Finally, miRNAs are appealing targets in cancer
therapy because they provide nonobvious strategies to alter oncogene expression post-
transcriptionally with such tiny molecules, improving treatment responsiveness and
effectiveness.

As a cancer biomarker, miRNA

MicroRNAs have a high degree of stability in bodily fluids, and their differential expression
has been linked to a cancer patient's prognosis or reaction to treatment. Endogenous RNase
activity protects circulating miRNAs, which are released from tumorous tissue into the
environment. (132) Various circulating miRNAs are being employed to help in cancer
diagnosis and prognosis, as well as the differentiation of tumor subtypes. (133) Exosomes
contain a large number of microRNAs, which give them stability and play a key role in cancer
formation and progression. (134-136)

Exosomes (30—-120 nm membrane-derived vesicles) encased in cancer-specific miRNAs have
been identified in serum, plasma, and bodily fluids, allowing for easy and early cancer
diagnosis. Exosomes allow for cell-to-cell communication and miRNA production, and cancer
cells use this process to control the physiological and immunological responses of the cells
around them. (137) Jin et colleagues demonstrated the function of overexpressed miR-181-5p,
miR-361-5p, and miR-30a-3p in lung cancer using plasma exosomes (LUAD). (138) Tanaka
et al demonstrated the role of gastric juice-derived exosomal hsa-miR-933 in functional
dyspepsia utilizing microarray technology. Urdinez et al. (15 (39) identified miR-143/145 as a
diagnostic biomarker in chondrosarcoma.
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However, because miRNAs may affect the expression patterns of numerous kinds of mRNA,
their specificity towards a specific medical state is debatable. The selectivity of the miRNAs
towards illness was discovered using the human miRNA disease database. Many miRNAs are
not cancer-specific, as seen in the graph below, although they are frequently dysregulated in a
variety of cancer types, including mir-21. Although complex miRNA signatures are illness
specific, they are seldom independently replicated and verified. (140) Although miRNAs have
a strong diagnostic potential, there are various obstacles to overcome before miRNAs may be
used in patient care. Bias in high-throughput methods, repeatability, and the degree of
specificity are all major concerns. For large-scale applications, miRNA-based multiplexed
testing is indicated for clinical use.

Cancer treatments based on miRNA

Tumor growth causes the production of tumor-suppressive miRNAs to decrease, advancing the
oncogenic signaling pathway. As a result, replacing tumor-suppressive miRNAs at the tumor
site is an appealing approach. OncomiR-dependent tumors can also be targeted using miRNA
antagonists (anti-miRs). (141) MiRNAs inhibit angiogenesis and fibrosis by targeting not just
tumor-promoting stromal cells, but also endothelial cells and fibroblast cells. (142 and 143)
When compared to protein-based drugs and plasmid DNA-based gene therapy, miRNAs have
little toxicity and immune response as natural antisense nucleotides. The RISC complex binds
the double-stranded miRNAs, and the AGO2 protein cleaves the passenger strand while the
guide strand attaches to the target mRNA. (144) As a result, the features of the miRNA guide
are critical for creating miRNA antagonists or miRNA mimics. MiRNAs are quickly destroyed
by ribonucleases due to their unprotected 3'-hydroxyl and 5’-phosphate ends, rendering their
expression transitory and with a short half-life. (145) To circumvent miRNA stability issues,
argonaute 2 protein or naturally occurring extracellular vesicles are commonly employed.
Nanoparticle-based delivery systems have been used to deliver tumor-specific miRNA
throughout the last decade. Organic lipid-based nanoparticles (LNPs), inorganic materials such
as gold, silica, and polyamidoamine (PAMAM) dendrimers are just a few of the notable
miRNA delivery vehicles that have evolved as a consequence of global research. Retrovirus,
adenovirus, lentivirus, and adeno-associated virus-based miRNA delivery methods have also
been extensively developed. (146) A miRNA mimic whose 5’ end is complementary to the
target gene's 3" UTR mimics the endogenous mature miRNA. As a result, the deleted or
downregulated tumor suppressor miRNA can be restored. (147) When cationic LNPs were
coupled with a miR-634 mimic (miR-634-LNPs), pancreatic tumor development was
significantly reduced compared to controls (miR-LNPs). The LNP-treated group, on the other
hand, had a significant rise in AST levels, indicating LNP-related toxicity. (148) There have
been several attempts to employ mesenchymal stem cells for cancer treatment, based on their
capacity to release a large number of chemokines and growth factors. (149)
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Various miRNA mimics, such as miR-379 and miR-146b, have been built into extracellular
vesicles released from mesenchymal stem cells for systemic, oral, or intratumoral delivery.
(150, 151) MSC-EV-miR-185 was tested in animal models for its ability to reduce
inflammation and the occurrence of oral squamous cell carcinoma by applying it topically to
the carcinoma site.(152) MiR-185 controls the AKT pathway, producing an uptick in the
production of cleaved caspase 3 and 9, which promotes apoptosis. (153)

Anti-miRs inhibit the oncomiR, which affects cancer-related pathways. Anti-miR is made up
of antisense oligonucleotides or locked nucleic acids (LNAs) that have the same
complementary sequence as the target miRNA. MiR-21, for example, inhibits apoptosis by
activating the PI3K pathway and thereby blocking PTEN. Anti-miR-21 therapy of breast cancer
cells resulted in a significant activation of apoptotic factors, which inhibited cell growth. (154)
Similarly, Yin et al. (155) concentrated on CSCs, which are responsible for cancer
aggressiveness, metastasis, and medication resistance. It contained anti-miR-21 LNAs as well
as RNA aptamer binding to the CD133 receptor using a three-way junction (3WJ) motif as a
nanoparticle framework. These nanoparticles were able to target triple-negative breast cancer

cells specifically, resulting in a decrease in miR-21 expression and downstream processes.
(155)

Research focused on miRNA-based sensitization of tumors resistant to currently accessible
cancer medicines is now being undertaken. The combination of oxaliplatin and miR-204-5p in
silica nanoparticles was tried for colon cancer, and the stimulation of apoptosis resulted in a
substantial reduction in tumor development. (156) Using hydrophilic polyethylene glycol in
conjugation with polylactic-co-glycolic acid nanoparticles (PLGA-PEG-NPs) containing
antisense-miR-21 in combination with orlistat (an anti-obesity drug), Shah et al. (157) were
able to show a drastic decrease in IC50 values for TNBC when compared to monotherapy. The
anti-miR-21 and miR-100 were loaded for the glioblastoma multiforme therapy combined with
systemic temozolomide using gold-iron oxide nanoparticles with PEG-T7 peptide (T7-poly-
GIONSs), which enhanced the overall survival rate in the animals. (158) As a result, our data
supports the advantages of miRNA-based cancer therapy as a monotherapy or a combinatorial
therapy, paving the way for the creation of a realistic and effective therapeutic option for
advanced stage cancer.

Clinical trials based on miRNA

Several miRNAs are now being tested in clinical studies. These are being researched for use as
biomarkers in illness categorization and progression, as well as for medication synergy and
predictive purposes. Studies are being conducted to see if miRNA mimics and anti-microRNA
constructs may be used as cancer therapeutics. MiRNAs have been studied for their ability to
reduce tumor treatment resistance. For example, miR-100 has been demonstrated to exhibit
chemo-resistant properties in small-cell lung cancer. (159)
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MiR-199b-5p is epigenetically repressed in chemoresistant ovarian cancer. (160) Anti-miR is
also being tested in advanced miRNA-based studies as a treatment for hepatitis C, and anti-
miR-122 (Miravirsen) is now being tested. (161) Miravirsen possesses a complementary
sequence to miR-122, and its LNA structure confers degradation resistance and strong target
affinity. It not only targets mature miRNAs, but also pre- and pri-miRNAs, which aids its
therapeutic impact. (162) MRX34 was the first miRNA-based cancer treatment, and it works
by mimicking miR-34a, a tumor suppressor that acts downstream of the p53 gene. (163, 164)

Resistance to miRNA therapy has surfaced as a possible issue as a result of these many
investigations, which can be addressed through combinatorial treatment or anti-miRNA-based
therapy. (165) Despite the fact that several clinical trials are now ongoing, miRNA-based
treatment is still in its early stages, and adverse effects must be assessed. Systemic side effects
are also a potential that has to be researched further. Other miRNA processing changes may be
noticed as a result of the external introduction of replacement miRNAs into the cell, and all of
these possibilities may only be discovered in the future through clinical studies.

Conclusions

The field of miRNA-based therapies is constantly expanding as a result of substantial research
conducted across the world. As a result, gaining a deeper understanding of miRNA function
and biogenesis will aid in the development of miRNA-based therapeutics. More research on
maximizing the benefits of target variety while avoiding off-target impacts is urgently needed.
Many firms are now investigating the prospect of using miRNA-based medicines to treat
cancer. Exosomal origin must be addressed for the use of exosomal miRNA in cancer
diagnostics, as tumor-generated exosomes must be distinguished from exosomes originating
from other bodily fluids. Second, a uniform procedure for exosome separation and detection
should be devised, as current approaches have various limitations, including contamination by
other biological molecules and aggregation. Third, the normalization procedures must be well-
established and universally accepted so that data from different research can be easily
compared. (166) The results of different research differ, raising doubts about the reliability and
repeatability of miRNA-based treatments in people, according to the literature study. (167) The
results' anomalies can potentially be due to differences in sample size, sampling period, miRNA
quantification and normalization process, and comorbid conditions. (168) When compared to
their healthy counterparts, cancer patients have higher amounts of miRNAs in their
bloodstream. As a result, for a good detection investigation, it is advised to utilize an identical
volume of sample rather than the same amount of total RNA. Furthermore, housekeeping
transcripts coming from cells or tissues, such as SNORD and U6, are commonly employed for
normalization. However, their validity is called into question since these transcripts are
extremely vulnerable to RNase activity. (169) In most of these investigations, unaffected
people with no history of early or late-stage illness are utilized as controls. Validation studies,
on the other hand, imply that dysregulation of miRNAs is more common in advanced stages of
illness. (170)
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As a result, confounding variables such as the patients' age and gender must be considered, as
they have been shown to affect miRNA expression. (171) To deal with such difficulties, a meta-
analysis can be used; however, the above-mentioned parameters must be kept constant, and a
standard operating method must be followed.Data collection at different time periods should
also be investigated, as this might reveal important information about potential confounders.

MiRNA-based treatments have a number of drawbacks, including (1) nuclease degradation, (2)
insufficient cell membrane transport, (3) endosomal entrapment, and (4) insufficient target
tissue delivery.(5), stimulation of innate immune responses, (175). (6) Unwanted off-target and
harmful effects (175), as well as (7) low binding affinity for adjacent sequences. (176) Tissue-
specific delivery is one of the most significant issues with miRNA therapies in vivo.
Furthermore, significant cellular absorption of synthetic oligonucleotides is necessary for long-
term target inhibition. (177) In body fluids or tissues, unaltered ‘naked' oligonucleotides are
unstable and sensitive to cellular and serum nucleases. (177) The oligonucleotides' size and
negative charge prohibit them from passing through the cell membrane, resulting in poor
cellular absorption. (177) Given that miRNAs control a large number of genes, the possibility
of miRNA treatments having an off-target impact is a serious worry, since they may do more
harm than good. MiRNAs are involved in a number of significant cancer-related pathways, as
well as developmental and regulatory processes. As a result, they have the potential to create
catastrophic unintended consequences.

Various techniques, including viral, nonviral, and chemical alterations, are recommended to
improve target delivery. However, while these changes considerably enhanced oligonucleotide
target delivery, they simultaneously lowered biological activity and raised toxicity. (178)
Nanoparticle-based delivery is being studied extensively, and attempts are being made to
reduce their toxicity and cellular accumulation. Future research on the pharmacokinetics and
pharmacodynamics of miRNA-based cancer treatment is also needed in order to design
treatments that attain the optimal therapeutic concentration in target cells and tissues.

The development of innovative delivery techniques with enhanced antisense and miRNA
mimic chemical design is the next step in miRNA-based cancer treatment. The development of
different drug-specific miRNA maps is enabled by miRNA profiling of control and drug-
treated individuals. These maps can be used to create therapy plans for reprogramming the
miRNAome of cancer patients. Using miRNAs to sensitize already available chemotherapeutic
drugs is also a promising method. Exosomes, nanoparticulate formulations, and novel miRNA
delivery vehicles can all be employed to get around the present limitations of miRNA-based
treatments. Targeting miRNAs to restore normalcy to the cancer patient's disrupted miRNA
network appears to be a sensible and dependable method with a high chance of success. It will
be feasible to build distinct miRNA antagonists or mimics based on the patient's miRNAome
in the future, allowing for individualized cancer treatments.
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Finally, some thoughts

Since the finding that the deletion of miRNAs is associated with CLL, (16), researchers all over
the globe have been looking into the function of miRNAs in other cancers and the source of
miRNA expression dysregulation. This highlighted the significance of numerous processes,
such as miRNA gene deletion or amplification, (16), 17, epigenetic factors, abnormal gene
transcription control, and altered miRNA biogenesis.MiRNAs have a large number of targets,
but they are hypothesized to cause tumors by modifying particular targets and functioning as
either an oncogene or a tumor suppressor. Several miRNA inhibitors and miRNA mimics are
currently being studied in clinical trials, with the potential to be used as therapeutics. The
importance of noncoding RNAs such as circular RNAs and long noncoding RNAs is being
studied in order to better understand the underlying processes of cancer disease.

The numerous functions that miRNAs can play as a biomarker for diagnosis, detection, and
prognosis are being studied with the development of technologies such as next-generation
sequencing. Several miRNA signatures unique to cancer types have evolved, with some of
them now being tested in therapeutic studies. The majority of our knowledge of miRNA
activities is based on cell culture models, which have their own set of constraints. As a result,
research involving a large number of patients is required for better understanding and use as a
cancer therapy method.

Antisense oligonucleotides that block miRNAs, tumor and CSC-targeted nanoparticle
treatment (126), and combination treatment with chemotherapeutic agents (158) are all
promising clinical strategies for cancer personalized medicine (159-274).
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Personalized Medicine and Gene Therapy Are Promising Strategies for Treatment.
https://doi.org/10.31219/0sf.i0/gh4x7.

74. Moataz Dowaidar. G6PD Deficiency Is a Common Genetic Trait That Can Protect Heterozygotes from Dying from
Malaria. https://doi.org/10.31219/osf.io/g2kza.

75. Moataz Dowaidar. Gastric Cancer Is the World’s Second-Largest Death Cause. Peptides Can Be Used to Deliver
Radiation or Other Fatal Chemicals to Tumors. https://doi.org/10.31219/osf.io/euSm;.

76. Moataz Dowaidar. Gene Doping May Be Possible for Lifestyle Enhancement. https://doi.org/10.31219/0sf.i0/8xkmS5.

77. Moataz Dowaidar. Gene Expression Assays Gather Evidence That They Can Provide Useful Therapeutic Information
in Young Women. https://doi.org/10.31219/0sf.io/d372s.

78. Moataz Dowaidar. Gene Therapy and Genome-Editing Treatments That Can Protect Patients from Coronary Artery
Disease Are under Investigation. https://doi.org/10.31219/0sf.io/xqgf8.

79. Moataz Dowaidar. Gene Therapy Approaches for Hemophilia A and B. https://doi.org/10.31219/0sf.io/ufcdg.

80. Moataz Dowaidar. Gene Therapy for the Central Nervous System Has Been Initiated. This Expansion Will Require
Some Degree of Simplicity in Delivery Processes. https://doi.org/10.31219/osf.io/hdy5q.

81. Moataz Dowaidar. Gene Therapy for the Treatment of Spinal Muscular Atrophy. https://doi.org/10.31219/0st.io/kpz5f.

82. Moataz Dowaidar. Gene Therapy May Benefit Inherited Ichthyoses with Concurrent Fungal Infections and Severe Ich
Thyroidoses. https://doi.org/10.31219/0sf.io/zxmun.

83. Moataz Dowaidar. Gene Therapy May Target APOE for Alzheimer’s Disease. https://doi.org/10.31219/0sf.i0/3y52k.
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84. Moataz Dowaidar. Gene Therapy Promises Accurate, Targeted Administration and Overcoming Drug Resistance in
Diverse Cancer Cells. https://doi.org/10.31219/0sf.i0/j34n6.

85. Moataz Dowaidar. Gene Therapy Targeting FVIII, FIX for Haemophilia Treatment.
https://doi.org/10.31219/0sf.i0/qcbwp.

86. Moataz  Dowaidar. Gene  Therapy Targeting PRMT5 May Be Useful in  Immunotherapy.
https://doi.org/10.31219/0sf.i0/gkws8;.

87. Moataz Dowaidar. Gene Therapy Using Extracellular Vesicles Loaded with miRNA Derived from Bone Marrow
Mesenchymal Stem Cells Is a Cell-Free Medication Delivery Method Used in a Variety of Diseases.
https://doi.org/10.31219/0sf.i0/3znvw.

88. Moataz Dowaidar. Genetic Engineered MSCs Are Attractive Possibilities for Regenerative Stem-Cell Therapy to Treat
Several Liver Diseases. https://doi.org/10.31219/osf.io/4cfrd.

89. Moataz Dowaidar. Genetic Variants Shared between Alzheimer’s Disease and Parkinson's Disease Have Been
Discovered in Blood and Brain Samples. Somatic Mosaicism Might Function as an Accelerator.
https://doi.org/10.31219/0sf.i0/tr58n.

90. Moataz Dowaidar. Genome-Wide Association Studies Promise to Discover Novel Indicators of Hypertension.
Endothelin-Related SNPs Are Currently in Clinical Trials. https://doi.org/10.31219/0sf.i0/2n4wa.

91. Moataz Dowaidar. Gingival and Intraventricular Haemorrhages Are Severe Newborn Diseases Causing Damage to
White Matter and Neurological Dysfunction in Surviving Newborns Who Can Benefit from Gene Therapy.
https://doi.org/10.31219/0sf.i0/qb84p.

92. Moataz Dowaidar. Glioblastoma Therapeutic Approaches Were Established Utilizing Contemporary Discoveries in
Delivering Medicines to the Brain as Smart Nanoparticles for Focused Therapy. https://doi.org/10.31219/0sf.io/db4£6.

93. Moataz Dowaidar. Haemophilia Gene Therapy Is in Clinical Studies, Making Continuous Safety and Efficacy Testing a
Key Emphasis. https://doi.org/10.31219/0sf.io/sa8ny.

94. Moataz Dowaidar. Hematopoietic Stem Cell Transplantation and Gene Therapy Are the Sole Treatments for Sickle Cell
Disease and Other Hemoglobinopathies. https://doi.org/10.31219/0sf.io/v8xqc.

95. Moataz Dowaidar. Huntington’s Disease Gene Therapy and Nanomedicines May Be Available Shortly.
https://doi.org/10.31219/osf.io/rxvgd.

96. Moataz Dowaidar. Hybrid Gene Therapy Designed to Fully Understand the Underlying Molecular Cancer Process May
Be a Feasible Option. https://doi.org/10.31219/0sf.io/ajyfd.

97. Moataz Dowaidar. Hydrogels Are Promising Considering Their Incredible Capacity to Modify, Encapsulate and Co-
Deliver Medicinal Compounds, Cells, Biomolecules, and Nanomaterials. https://doi.org/10.31219/0sf.io/px3qy.

98. Moataz Dowaidar. Immune Evasion Is Linked to Histone Variation Malfunction. Gene Therapy Could Provide Tools
for Targeting Histone Variant Deposition as a Critical Part of Its Pharmacology. https://doi.org/10.31219/0sf.io/kjm76.

99. Moataz Dowaidar. Implementing the Human Artificial Chromosome Gene Therapy Platform Remains Challenging, but
Continuous  Animal Model Research Will Advance the Platform Closer to Clinical Trials.
https://doi.org/10.31219/0sf.i0/a53f7.

100. Moataz Dowaidar. Inflammatory Breast Cancer Remains the Most Aggressive Form of Breast Cancer. A Multimodality
Therapeutic Plan Has Shown Improved Survival Results. https://doi.org/10.31219/o0sf.io/cr935.

101. Moataz Dowaidar. Inherited Immunohematological and Metabolic Diseases Have the Potential to Improve Significantly,
or Be Cured, Using Haematopoietic Stem Cell Transplantation Gene Therapy. https://doi.org/10.31219/osf.io/ukbnm.

102. Moataz Dowaidar. Insulin and IGF-1 Receptors Mutations Can Lead to Targets for Gene Therapy in Diabetes, Obesity,
and Metabolic Syndrome. https://doi.org/10.31219/0sf.i0/s86x5.

103. Moataz Dowaidar. Integrating High-Throughput Genetics and Neuroimaging Technologies Promises Greater
Information on Neurobiological Anomalies in Neurodegenerative Diseases. https://doi.org/10.31219/0sf.io/hpgyz.

104. Moataz Dowaidar. Intravitreal and Subretinal Injections Currently Deliver Most Gene Therapy, Including siRNA for
Eye Illnesses. Non-Viral Vectors May Provide Targeting. https://doi.org/10.31219/0sf.io/rjkhy.

105. Moataz Dowaidar. LncRNA Regulating Reprogramming Glucose Metabolism Has Become One of the Most Tempting
Antineoplastic Targets for Gene Therapy. https://doi.org/10.31219/0sf.io/hqma5.

106. Moataz Dowaidar. IncRNAs Are Upregulated and Downregulated in OS Cells. Angiogenesis, Metastasis, Cell Signaling,
Autophagy, and Death Are among Biological Processes That RNAs Play a Role in.
https://doi.org/10.31219/0sf.i0/48n7q.

107. Moataz Dowaidar. Magnetic Nanoparticles Are Widely Used in Drug Delivery, Imaging, Diagnosis, and Targeting. It
Has Promises for the Treatment of Inflammatory Disorders such as Rheumatoid  Arthritis.
https://doi.org/10.31219/0sf.i0o/p2gme.

108. Moataz Dowaidar. Many miRNAs Participate in Inflammatory Regulation and Bone Metabolism. Overexpression of
miR21 and miR155 Releases Proinflammatory Cytokines. https://doi.org/10.31219/0sf.io/2wuvp.

109. Moataz Dowaidar. MiR490’s Diagnostic Capacity Was Demonstrated in Various Cancer Kinds and Diseases, Adding
to Its Clinical Value. https://doi.org/10.31219/0sf.io/wysre.
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110. Moataz Dowaidar. miRNAs Have an Impact on Xeno-Infectious Diseases by Influencing Host And/or Infection Factors.
https://doi.org/10.31219/0sf.i0/7qewx.

111. Moataz Dowaidar. Mutations in MEDI12 Lead to Mental Retardation, Including Opitz—Kaveggia Syndrome, Ohdo
Syndrome,  Lujan—Fryns  Syndrome, and  Psychosis. It’s a  Target for Gene  Therapy.
https://doi.org/10.31219/0sf.io/cyns8.

112. Moataz Dowaidar. Nanocarriers Can Be Used to Control the Activity of Genome Editing in a Spatiotemporal Way by
Using Stimulusresponsive Nanocarriers. https://doi.org/10.31219/osf.io/nua89.

113. Moataz Dowaidar. Nanomaterials Were Formed into Various Shapes, with Functionalization Aimed at Various
Internalization Processes. Their Nanoscale Size Allows Drugs to Reach Cells or Extracellular Environments.
https://doi.org/10.31219/0sf.io/p2ajv.

114. Moataz Dowaidar. Nanomedicine Is Offering Promising Strategies for Tumor Blockade Treatment.
https://doi.org/10.31219/0sf.io/yzxuq.

115. Moataz Dowaidar. Network Medicine Might Lead to New Treatments for Dyslipidemia. It Will Be a Challenging
Method to Implement in a Clinical Context. https://doi.org/10.31219/0sf.io/nksbw.

116. Moataz Dowaidar. Neuroinflammation Caused by Activated Microglia and Astrocytes Can Contribute to the Progression
of Pathogenic Damage to Substantia Nigra Neurons, Playing a Role in Parkinson’s Disease Progression.
https://doi.org/10.31219/0sf.i0/ac896.

117. Moataz Dowaidar. Neurologists Rarely Perform Genetic Testing for Parkinson’s Disease. Evidence Suggests That Many
Patients with Major Genetic Variants Go Undiagnosed. https://doi.org/10.31219/0sf.io/ykpb2.

118. Moataz Dowaidar. Neuronal Intranuclear Hyaline Inclusion Disease Is a Neurodegenerative Condition Which Can Be a
Target for Gene Therapy. https://doi.org/10.31219/osf.io/upgqd.

119. Moataz Dowaidar. New Therapies Aim at Restoring the Molecular, Morphological, and Functional Integrity of
Parkinson’s Specific Brain Circuits. https://doi.org/10.31219/0sf.io/dvyxc.

120. Moataz Dowaidar. Not All IncMIRHGs Are ‘Junk Transcripts,’. LncM IRHG Loci May Make Both Functional miRNAs
and IncRNAs, Which Can Work Together or Separately. https://doi.org/10.31219/0sf.i0/a567w.

121. Moataz Dowaidar. Nrf2 Signaling Pathways Are Part of a Wider Network of Signaling Pathways Regulating
Thymoquinone Therapeutic ~Actions Which Need Innovative Formulations and Delivery Methods.
https://doi.org/10.31219/0sf.io/u2fa7.

122. Moataz Dowaidar. Omics Should Be Integrated with Genomics to Uncover Molecular Networks and Tissue and Single-
Cell Epigenetic Changes. With These Findings, Targeted Pseudoexfoliation Syndrome and Glaucoma Gene Therapy
Procedures May Be Viable. https://doi.org/10.31219/0sf.i0/481j5.

123. Moataz Dowaidar. Ophthalmic Gene and Cell Therapies. https://doi.org/10.31219/0st.io/n84m9.

124. Moataz Dowaidar. P21 Is a Flexible, Multi-Functional Protein. It Governs Various Tumor Cell Activities, Including
Autophagy. p21 Is a Possible Radiotherapy Target. https://doi.org/10.31219/osf.i0/ydkca.

125. Moataz Dowaidar. Parkinson’s Disease Simulating Complexity via Improving the Identification of Significant Genetic
Alterations and Environmental Contaminants Should Be a Priority. https://doi.org/10.31219/o0sf.io/pmcu9.

126. Moataz Dowaidar. Patient-Specific Microphysiology Systems Are Likely to Become a Crucial Aspect of Translational
Research and Precision Medicine. https://doi.org/10.31219/0sf.io/bc8fr.

127. Moataz Dowaidar. Patients with PMD Who Are Thoroughly Screened by Genomic Medicine Have a Considerable
Chance of Benefiting Greatly from Whole-Genome Sequencing. https://doi.org/10.31219/osf.io/dajft.

128. Moataz Dowaidar. Polydopamine Nanoparticles’ Activity and Long-Term Stability Should Be Fully Studied for Gene
Therapy Applications. https://doi.org/10.31219/0sf.io/x4nej.

129. Moataz Dowaidar. Potential Therapeutics for Primary Mitochondrial Disorders. https://doi.org/10.31219/0sf.io/6pz5k.

130. Moataz ~ Dowaidar.  Potentials of Medicinal = Nanostructured  Diamond  Particles and  Coatings.
https://doi.org/10.31219/0sf.io/h68xz.

131. Moataz Dowaidar. Preclinical Investigations Revealed Possibilities for Salmonella Tumor Treatment. Bacteria Can Also
Be Coupled to Nanomaterials Enabling Drug-Loading, Photocatalytic And/or Magnetic Properties, Using the Bacteria’s
Net Negative Charge. https://doi.org/10.31219/0sf.io/embqk.

132. Moataz Dowaidar. Research into P2X Purinergic Receptor Function in Tumor Growth Has Made Substantial Progress
with Potential Gene Therapy Targeting. https://doi.org/10.31219/0sf.io/r34fs.

133. Moataz Dowaidar. RNA Therapies Hold Great Promise for Treating Cancer. High-Throughput Screening Techniques
Have Facilitated the Development of RNA Treatments. https://doi.org/10.31219/osf.io/9vxrb.

134. Moataz Dowaidar. RNAi Treatment Has Been Shown to Successfully Modify Human-Related Target Gene Expression,
Including Cancer. It Has the Capacity to Control Non-Standard Oncogenes, such as Oncogenic IncRNAs.
https://doi.org/10.31219/0sf.io/bwqep.

135. Moataz Dowaidar. RNAs Hold a Lot of Potential When It Comes to Druggable Molecular Targets.
https://doi.org/10.31219/0sf.i0/2dtxg.

ISSN: 1559-0836 20-3 | 35



Metal lons in Life Sciences

136. Moataz Dowaidar. Shadow Enhancers’ Objective Seems to Be to Establish Robust Growth Patterns Independent of
Genetic or Environmental Stress. https://doi.org/10.31219/osf.io/qfnkp.

137. Moataz Dowaidar. Sickle Cell Disease Hematopoietic Stem Cell Gene Therapy with Globin Gene Addition Is Promising.
https://doi.org/10.31219/0sf.i0/j5fkb.

138. Moataz Dowaidar. Single-Gene Mutations in mtDNA-Associated Proteins Are Unlikely to Be the Main Cause of
Sporadic Parkinson’s Disease. Cumulative Genetic Variation in Numerous Genes May Be Important in
Neurodegeneration and PD Risk. https://doi.org/10.31219/osf.io/89qte.

139. Moataz Dowaidar. Small Nuclear Ribonucleoproteins (snRNPs) Based Gene Therapy.
https://doi.org/10.31219/0sf.io/c4319.

140. Moataz Dowaidar. Studying the Pathologic Mechanisms of Osteoporosis and the Bone Microenvironment May Help
Researchers Better Know the Etiology of Rheumatoid Arthritis, Periodontitis, and Multiple Myeloma, as Well as Other
Inflammatory and Autoimmune Disorders. https://doi.org/10.31219/0sf.i0/t3z6y.

141. Moataz Dowaidar. Suicide Gene Therapy May Be Effective in the Treatment of Malignant Glioma.
https://doi.org/10.31219/osf.io/vdkst.

142. Moataz Dowaidar. Synuclein Is a Protein That Is Expressed in Brain Tissue. The Specific Missense Mutation (SNCA)
Found in a Family with Parkinson’s Disease Is the Cause. Other Diseases Include Alzheimer's Disease and REM Sleep
Behavior Disorder. https://doi.org/10.31219/osf.i0/bs8rc.

143. Moataz Dowaidar. Systems Biology Is a Method for Analyzing Massive Amounts of Multidimensional Data Generated
by Omics Technologies. Cross-Validation of the Various Technological Platforms Is  Critical.
https://doi.org/10.31219/0sf.io/p8vkd.

144. Moataz Dowaidar. Targeting Mitochondria and Especially Taz Gene Mutation Induces CL May Give Novel Therapeutic
Alternatives for Treating Barth Syndrome. https://doi.org/10.31219/osf.io/unfpy.

145. Moataz Dowaidar. The Ability to Combine Multiple mRNA Antigens Targeting Multiple Pathogens Simultaneously,
and the Robust Immune Responses Are Confirmed in Several Clinical Studies. https://doi.org/10.31219/osf.io/6qksx.

146. Moataz Dowaidar. The Cubic Polyhedral Oligomeric Silsesquioxanes Based Hybrid Materials Have a Wide Variety of
Applications, Including Drug Administration, Gene Therapy, Biological Imaging, and Bone Regeneration.
https://doi.org/10.31219/0sf.i0/9peq8.

147. Moataz Dowaidar. The Development of Tissue Replacement Therapies and Drug Discovery Was a Critical Milestone in
Advancing Regenerative Medicine. https://doi.org/10.31219/0sf.io/w9bsm.

148. Moataz Dowaidar. The Epidemic of COVID-19 Prompted Widespread Use of mRNA Vaccinations.
https://doi.org/10.31219/0sf.i0/jqws5.

149. Moataz Dowaidar. The Most Useful and Commonly Available Acute Rejection Surveillance Strategies Are Routine
Monitoring of Myocardial Function and Donor-Specific Anti-HLA Abs Monitoring.
https://doi.org/10.31219/0sf.i0/ebw6S8.

150. Moataz Dowaidar. The Protease MBTPS2 Is an Important Regulator of Several Cellular Processes, Especially in Health
and Sickness. https://doi.org/10.31219/osf.i0/qyn6h.

151. Moataz Dowaidar. The Sigma 1 Receptor (SIR) Is a Potential Therapeutic Target for the Treatment of Huntington’s
Disease. https://doi.org/10.31219/0sf.io/mcefx.

152. Moataz Dowaidar. The Use of a Network Medicine Approach Might Result in Innovative Strategies for Lowering
Coronary Heart Disease and CV Risks. https://doi.org/10.31219/o0sf.io/eakg8.

153. Moataz Dowaidar. The Vasoconstrictor Endothelin System Involvement in Chronic Kidney Diseases Pathogenesis Is
Now the Most Often Employed Treatment Method. https://doi.org/10.31219/0sf.io/cnkqy.

154. Moataz Dowaidar. The VPS35-D620N Mutation Is Associated with Parkinson’s Disease and Can Be a Target for Gene
Therapy. https://doi.org/10.31219/0sf.i0/83sxr.

155. Moataz ~ Dowaidar.  Therapeutics  Including Gene  Therapy for Osteoarthritis as a  Concept.
https://doi.org/10.31219/0sf.i0/7zsqy.

156. Moataz Dowaidar. Tissue Hypoxia Has Been Established as a Master Regulator for Alternative Splicing, with Substantial
Clinical Consequences and Possibilities for Gene Therapy Targeting. https://doi.org/10.31219/0sf.io/5pbw4.

157. Moataz Dowaidar. To Rectify Alzheimer’s Disease Etiology, Excessive Mitochondrial Division Might Be Stopped or
Mitophagy Might Be Promoted. https://doi.org/10.31219/0sf.io/6kdxw.

158. Moataz Dowaidar. Transcriptomics Is a Rapidly Growing Field That Generates New Data That May Be Used on Its Own
or in Combination with Existing Clinical Data for Development of New Therapeutics, Including Gene Therapy.
https://doi.org/10.31219/0sf.i0/kfr6a.

159. Moataz Dowaidar. Tumor Microenvironment Has Clinical Significance in Terms of Prognosis and Therapy Prediction.
https://doi.org/10.31219/0sf.i0/4dz8q.

160. Moataz Dowaidar. Using AAV as a Gene Delivery Vector in the Neural System Is Effective in Several Animals, such
as Nonhuman Primates. https://doi.org/10.31219/osf.io/ut4fa.
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161. Moataz Dowaidar. Using Pre-Existing Datasets to Combine Published Information with New Metrics Would Help
Researchers Construct a Broader Picture of Chromatin in Disease. https://doi.org/10.31219/osf.io/gsqvS5.

162. Moataz Dowaidar. Virus-like Particles Are Good Nanocarriers for Liquid Biopsy Probes, Imaging Contrast Agents, and
Anticancer Medications. https://doi.org/10.31219/osf.io/xbtka.

163. Moataz Dowaidar. ZEB1 Controls the Expression of ICAM1, Promoting Monocyte-Macrophage Adhesion and Hence
the Formation of Atherosclerotic Lesions. https://doi.org/10.31219/0sf.i0/kzjqg.

164. Moataz Dowaidar. Gene Therapy Development and Legislation. https://doi.org/10.31219/osf.io/mwb2n.

165. Moataz Dowaidar. Next-Generation Sequencing Is Now Ultilized to Identify Genetic Abnormalities and Develop Gene
Therapy. https://doi.org/10.31219/0sf.io/em7xp.

166. Moataz Dowaidar. Nucleic Acid Designs, Artificial Intelligence for Screening Nanomaterials, and Enhanced
Characterization Methods Are Needed to Make Nanomedicine More Successful. https://doi.org/10.31219/0sf.i0/2w5aq.

167. Moataz Dowaidar. Potential Strategies for Cancer Gene Therapy. https://doi.org/10.31219/osf.io/atcqz.

168. Moataz Dowaidar. Quantitative Groups Will Be Critical to the Success of Future Gene Therapy Programs.
https://doi.org/10.31219/0sf.i0/v97ht.

169. Moataz Dowaidar. The Treatment of Major Human Illnesses with Recombinant Adeno-Associated Virus (rAAV) Has
Shown Tremendous Promises. https://doi.org/10.31219/osf.io/uwade.

170. Moataz Dowaidar. Carbon Nanotubes Have Enormous Potential in Gene Therapy. https://doi.org/10.31219/0sf.io/9bcxk.

171. Moataz Dowaidar. Charge-Alteration-Based Approaches Can Address the Evolving Needs of Nucleic Acid-Based Gene
Therapy, Charge Reversal Techniques Are Also Promising. https://doi.org/10.31219/0sf.i0/zwq5h.

172. Moataz Dowaidar. Chromosome X, the Most Explored Genome-Editing Chromosome, Presents Possibilities for
Hemophilia A Treatments. https://doi.org/10.31219/ost.i0/6vsdz.

173. Moataz Dowaidar. Clinical Investigations Show That siRNA May Be Used to Treat a Variety of Disorders, Including
Cancer. https://doi.org/10.31219/osf.io/fcsgq.

174. Moataz Dowaidar. Cyclodextrins as Potential Gene Therapy Vectors. https://doi.org/10.31219/osf.i0/zhtsc.

175. Moataz Dowaidar. Development of Specialized Carriers Capable of Delivering Effective RNAi and siRNA Gene
Therapy. https://doi.org/10.31219/0sf.io/3ykwm.

176. Moataz Dowaidar. Gene Therapy Can Target Mutations such as BRAF, Which Have Been Shown to Make Tumors
More Susceptible to Autophagy Suppression. https://doi.org/10.31219/0sf.i0/3gwra.

177. Moataz Dowaidar. Gene Therapy Vectors Should Enable CRISPR Systems to Accumulate at Disease Sites and
Successfully Penetrate Nuclei. https://doi.org/10.31219/osf.io/xzmnc.

178. Moataz Dowaidar. Nanoformulations Can Be Utilized to Deliver Effective siRNA to Tumor Cells to Decrease Gene
Expression. https://doi.org/10.31219/osf.i0/zvuke.

179. Moataz Dowaidar. Neuronal Ceroid Lipofuscinosis Therapeutics. https://doi.org/10.31219/0sf.i0/75vcp.

180. Moataz Dowaidar. Nonviral Gene Delivery Vectors for Transfection of the CAR Gene for CAR-T Cell Therapy.
https://doi.org/10.31219/0sf.io/ckxh5.

181. Moataz Dowaidar. Potential HIV Gene Therapy Strategies. https://doi.org/10.31219/0sf.io/eShm2.

182. Moataz Dowaidar. Research on Cell Sources for Brain Cell Replacement Methods Has Gained Major Importance. Cell
and Gene Therapy Are Potentially Intriguing New  Domains of Regenerative  Medicine.
https://doi.org/10.31219/0sf.i0/g835b.

183. Moataz Dowaidar. RNAi-Based Gene Therapy Provides a Wide Variety of Applications. Safe, Biodegradable Nano
Delivery Vectors Are Still Needed. https://doi.org/10.31219/0sf.i0/s2zhn.

184. Moataz Dowaidar. Strategies for Treating Multiple Sclerosis with Gene Therapy. https://doi.org/10.31219/0sf.i0/sycn6.

185. Moataz Dowaidar. The Combination of Unique Biomolecules and Nanoparticles Has Shown Successful Gene Therapy
Treatment Approaches for Non-Small Cell Lung Cancer Treatment. https://doi.org/10.31219/0sf.i0/yeq5z.

186. Moataz Dowaidar. Understanding Why the Same Gene Delivery Vector Behaves Differently in Different Cell Types Is
Essential for Developing More Adaptable Transfection Systems. https://doi.org/10.31219/0sf.i0/6q8af.

187. Moataz Dowaidar. AAV9 Is Considered the Most Efficient AAV Serotype Targeting Blood-Brain Barriers. To Enhance
Effective Gene Therapy for CNS Illnesses, Testing Novel Vectors with More Efficient Crossing Capabilities Is Vital.
https://doi.org/10.31219/0sf.10/7bf5s.

188. Moataz Dowaidar. Artificial miRNAs Are Potential Gene Therapy Tools, Especially for Incurable Monogenic Disorders.
https://doi.org/10.31219/0sf.i0/d5Srnm.

189. Moataz Dowaidar. Breakthroughs in mRNA Modification and Nanoparticle-Based Delivery Vehicles Facilitate Gene
Therapy Strategies. https://doi.org/10.31219/0sf.io/ky7dt.

190. Moataz Dowaidar. CRISPR/Cas9-Mediated Genome Editing Has Demonstrated Significant Promise for Genetic
Correction in Autologous Hematopoietic Stem/progenitor Cells (HSPCs) and Induced Pluripotent Stem Cells (iPSCs).
https://doi.org/10.31219/0sf.i0/xk54r.

191. Moataz Dowaidar. Gene Therapy Vectors for Targeting the Heart. https://doi.org/10.31219/0sf.io/gcbhf.
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192. Moataz Dowaidar. Liposomes Can Minimize Cardiotoxicity, Address Drug Resistance, and Improve Overall Drug
Release Profiles in Breast Cancer. https://doi.org/10.31219/osf.io/tn56d.

193. Moataz ~ Dowaidar.  Liposomes  with  Cerasome-Forming  Lipids as  Gene  Therapy  Vectors.
https://doi.org/10.31219/0sf.i0/zjn6v.

194. Moataz Dowaidar. Nanomaterials Combine Multiple Therapeutic Approaches for Cancer Cell Multidrug Resistance,
Ferroptotic Cell Death Is Promising in Various Cancers. https://doi.org/10.31219/0sf.io/7bg9t.

195. Moataz Dowaidar. Nanomedicines for Enhanced Permeability and Retention (EPR)-Stratified Patients Have the
Potential to Improve Treatment Outcomes. https://doi.org/10.31219/osf.io/xrcb2.

196. Moataz Dowaidar. RNA-Based Gene Therapy for Manipulating the Neuroinflammatory Cascade Closely Linked to
Neurodegeneration Can Help Reduce Disease Development. https://doi.org/10.31219/0sf.io/2hswv.

197. Moataz Dowaidar. Targeted Chemical Nucleases Have a Wide Range of Untapped Applications in Biological Fields,
Including Gene Therapy. https://doi.org/10.31219/osf.io/6bexs.

198. Moataz Dowaidar. Bacterial Nanoparticles Can Deliver Proteins, Medications, Enzymes, and Genes to Diagnose and
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