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Abstract

Background and aim: There are two significant challenges in cancer treatment: malignancy and resistance
to anti-cancer drugs. As a result, a thorough understanding of cancer etiology is essential for developing
new cancer treatments. There is a crucial role for micro-RNAs in physiological processes as well as
pathological processes. Cancer pathogenesis is strongly influenced by miRNAs, which play a crucial role
in neoplastic disease pathophysiology. They can be used to diagnose, prognosticate, and treat a wide range
of cancers. Also, they play an important role in metastasis and resistance to treatment and the stamens of
cancer stem cells by regulating several signaling networks. A better understanding of the miRNAs that play
arole in cancer's signaling pathways could lead to new cancer diagnostic, prognostic, and treatment options.
This study focuses on miRNAs, which play a vital part in regulating cancer-related signaling networks and

pathogenic signaling pathways in cancer.

Relevance for patients: This study highlights the relevance of microRNAs (miRNAS) in cancer, as they
have a significant role in cancer development, metastasis, treatment resistance, and cancer stem cells.
Understanding the role of miRNAs in cancer signaling pathways could lead to improved diagnostics,

prognostics, and treatment options for patients.
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1. Introduction

While significant efforts have been made to enhance cancer detection and treatment, up to 90% of cancer-
related deaths result from the spread of the disease rather than the original tumor itself [1]. Invasion and
metastasis are essential hallmarks of cancer. The primary carcinoma cells are dispersed into local tissues,
then infiltrate into the adjacent circulation and travel through the hematogenous system to the capillaries of
distant organs [2]. "Cancer colonization" is the development of overt and clinically identifiable
macrometastases that result from the expansion of micrometastatic colonies in the parenchyma of distant
tissues. Complex molecular processes are involved in these metastatic phases, underscoring the importance
of examining the issue from a different perspective. Cancer was thought to be a hereditary disease but this
is still debatable [3]. Mutations in various important genes are associated with cancer development and
metastasis. The most important signaling pathways involved in tumor metastasis are Wnt/B-Catenin [4],
NF-kB [5], PISK/AKT [6], STAT3 [7], p53 [8], and Hedgehog [9]. Nevertheless, evidence suggests that
epigenetic modulation is as important as possible regulatory mechanisms in cancer metastasis and may shed

light on novel cancer metastatic techniques [10,11].

miRNAs have gained much attention in cancer research. Tumor genesis, development, invasion, and
metastasis have been linked to abnormalities in miRNA expression. Many new miRNAs have been
discovered in the last few years, which have helped us better understand the contribution of miRNAs in
cells. Competing endogenous RNA networks is an important aspect of cancer, which include microRNAs,
long non-coding RNAs (ncRNASs), and circular RNAs (circs) [12]. Genome-wide association analyses of
tumor samples have linked miRNAs to cancer. Alterations in INCRNA expression and mutations in these
genes aid tumorigenesis and metastasis. miRNAs may exhibit tumor-suppressive and cancer-promoting
(oncogenic) activities. It is possible that miRNAs could be used as new cancer biomarkers and therapeutic
targets because of their tissue- and genome-specific expression patterns [13,14]. The microRNAs have been

found in B-cell CLL (Chronic lymphocytic leukemia), but the gene responsible for them has not been



Journal of Clinical and Translational Research
10.18053/]ctres/09.202304.22-00195

identified. miR-15 and miR-16 genes were not the cause of the disease, but rather the genes that produced
miRNAs [15]. The role of miRNAs as tumor suppressors [16] or oncogenes [17] has been established

repeatedly.

miRNAs have also been extensively researched for their potential as biomarkers in diagnosing GC (Gastric
cancer) [18]. Many types of cancer, such as BC (Breast cancer) [19], CRC (Colorectal cancer) [20], and
liver cancer [21], are aided by the actuation of the Wnt/B-catenin signals. The development of GC tumors
is intimately linked to the actuation of the Wnt/B-catenin pathway [22]. A better understanding of how
miRNAs affect the Wnt/B-catenin, STAT-3, p53, NF-kB, PI3K/AKT, and Hedgehog signaling pathways
may lead to earlier detection of GC, as well as the development of new treatment options. miRNAS' role in

modulating several cancers-associated signaling pathways has been reviewed in this study.

2. miRNA biosynthesis

Following RNA polymerase |l transcription of pri-miRNA precursors, an endonuclease enzyme, such as
DROSHA or DGCRS, produces pre-miRNA sequences of about 80-100 nucleotides[23,24]. A recent study
found that exportin-5 plays an important role in transporting pre-miRNA from the nucleus to the cytoplasm
[25]. In the cytoplasm, Dicer cleaves the miRNA into mature, double-stranded molecules [26]. miRNA
duplexes bind to Argonaute (Ago) proteins after maturation, forming RNA-induced silencing complexes
(RISCs), which regulate messenger RNA (mRNA) translation. miRNA recognizes complementary
sequences in its target mRNAs' 3’ untranslated regions (UTRS). Recent studies indicate miRNA binds to
target mRNAs' 5'UTR or open reading frame (ORF) [27,28]. Because miRNA regulation does not require
high complementarity, a single miRNA can regulate up to several hundred mRNAs, resulting in aberrant

miRNA expression that profoundly impacts cancer-related signalling pathways.

3. miRNAs in cancer
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s several studies found that half of the miRNA genes are located in cancer-related genomic regions or fragile
sites. The aberrant expression of miRNAS is a standard rather than an exception in cancer tissues/cells based
on microarray data. Multiple reports have involved miRNAS in many types of cancers, such as breast, colon,
gastric, lung, prostate, and thyroid [29,30]. In March 2015, about 15,943 PubMed hits indicated that
miRNAs have massive peer-reviewed scientific literature. Their role in cancer is very diverse in terms of
the disease and experimental approaches used. Despite the overwhelming majority of published papers
focusing on single mRNA targets, many miRNAs act by targeting multiple mRNAs, some of which may
reside in the same cellular pathway. Several studies have also shown that similar mRNAs are repressed by
redundant distinct sequences [31]. A causal relationship has been established between miRNA expression

and cancer development in mouse models using miRNA overexpression or downregulation[32,33].

4. Sample preparation techniques and analytical approaches used for mRNA analysis

MRNA analysis plays a crucial role in understanding gene expression patterns, identifying biomarkers, and
studying various cellular processes. To analyze mRNA, researchers employ specific sample preparation
techniques and utilize various analytical approaches. Here are some commonly used techniques and

approaches in mRNA analysis:

4.1 Sample preparation technique:

a. RNA Extraction: The first step in mRNA analysis is to extract RNA from the biological sample. Total
RNA extraction methods, such as phenol-chloroform extraction or column-based purification kits, are

commonly employed to isolate RNA from cells or tissues [34].

b. mRNA Enrichment: Since mRNA constitutes only a small fraction of the total RNA in a sample,
enrichment techniques are used to selectively isolate and enrich mRNA molecules. Poly(A) tail selection,
where oligo(dT) beads are used to capture mRNA through hybridization with the poly(A) tail, is a widely

employed method for mRNA enrichment [35].
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c. cDNA Synthesis: Once mRNA is enriched, it needs to be reverse transcribed into complementary DNA
(cDNA) for downstream analysis. Reverse transcription converts the mRNA into cDNA using reverse

transcriptase and a primer, often oligo(dT) or random hexamers [36].

4.1 Analytical approaches

a. Quantitative PCR (gPCR): qPCR is a widely used technique to measure mMRNA expression levels. It uses
fluorescently labeled probes or DNA-binding dyes to monitor the amplification of cDNA derived from
mRNA. The fluorescence signal is recorded in real-time during each amplification cycle, allowing

quantification of mMRNA levels [37].

b. Reverse Transcription Polymerase Chain Reaction (RT-PCR): RT-PCR is similar to qPCR but lacks real-
time monitoring. It is used for qualitative or semi-quantitative analysis of mMRNA expression levels. The
amplified PCR products can be visualized on an agarose gel or further analyzed by techniques like Sanger

sequencing [38].

c. RNA Sequencing (RNA-Seq): RNA-Seq is a high-throughput sequencing technique that enables
comprehensive analysis of the entire transcriptome, including mRNA. It involves converting mRNA into a
complementary DNA library, followed by sequencing using next-generation sequencing platforms. RNA-
Seq provides information about gene expression levels, alternative splicing events, novel transcript

discovery, and more [39].

d. Microarrays: Microarray technology allows the simultaneous analysis of thousands of MRNA molecules.
The mRNA is reverse transcribed into labeled cDNA, which is then hybridized to a microarray chip
containing immobilized probes representing specific mMRNA sequences. The intensity of the hybridization

signal indicates the abundance of mMRNA in the sample [40].
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e. In situ Hybridization (ISH): ISH is a technique used to visualize mRNA molecules in fixed cells or
tissues. It involves the hybridization of labeled RNA or DNA probes complementary to specific mMRNA

sequences. The probes can be labeled with fluorophores or enzymes for detection [41].

f. Northern Blotting: Northern blotting is an older, yet reliable, technique for mRNA analysis. It involves
the separation of mMRNA molecules by gel electrophoresis, followed by transfer to a membrane and
hybridization with labeled probes. Northern blotting provides information about mRNA size, abundance,

and alternative splicing patterns [42].

5. miRNAs in the regulation of Wnt/g-Catenin pathway

The Wnt/B-catenin pathway is not only controlled by IncRNA-mediated mechanisms but also by specific
miRNAs, which have direct regulatory effects. For example, scientists have discovered that miR-214
suppresses GSK-3 expression. Genes downstream of GSK-3a, such as GSK-3b, have been considerably
increased, therefore promoting cell proliferation and reducing the death of GSK-3b-positive cells [43].
Additionally, miR-501-5p suppresses the expression of DKK1, NKD1, and GSK-3 [44]. Several human
cancers have been associated with WNT ligands, including breast, colon, and prostate cancers [45]. In

addition, Wntl and Wnt2 work together to trigger the Wnt/p-catenin signaling pathway [46].

In the miR-34 study, tumor suppressor depletion is linked to the activation of carcinogenic pathways. P53
is directly downstream of the Wnt and EMT genes targeted by miR-34, such as WNT1, WNT3, AXIN2, -
catenin, and LEF1. miR-34/UTR lacks p53 function, which increases Wnt activity and Snail-dependent
EMT in the absence of p53. There is a decrease of miR-34 in the oncogenic pathway that affects TCF/LEF
transcriptional signatures in clinical samples. These findings support a continuum model of human cancer
since preserving cancer stem cell characteristics and developing the metastatic program when wt-p53 is lost
or Wnt is hyper-activated [47]. One of the most common cancer-related genes, PTEN, is targeted by miR-
188-5p. Wnt/B-catenin signaling is activated by miR-188-5p, which inhibits PTEN, causing metastases and

a poor prognosis [48]. According to the research, miR-19 levels in GC clinical samples are consistently
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lower than in normal stomach tissue. Researchers have shown MEF2D (Myocyte Enhancer Factor 2D) to
be one of the targets of miR-19. High MEF2D expression enhances Wnt/B-catenin signaling and encourages
cancer cell development. This study further showed that MEF2D's effects are reversed by MiR-19 [49].
Overexpression of miR381 and 489 together could reduce cell motility, invasion, and EMT by targeting
cullin 4B synergistically [50]. A better knowledge of the role of miRNAs in modifying Wnt/B-catenin

signaling pathways in cancer is critical to its success (Fig. 1).
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Fig. 1 Some miRNAs, including miR-1229, miR-125b, miR-3646, miR-29a, and miR-301, may be
overexpressed, resulting in abnormal Wnt/B-catenin signaling. A number of tumor suppressors are targeted

by these miRNAs, including GSK-3, APC, and PTEN. In breast cancer patients, Wnt signaling downstream
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target genes were consistently increased, resulting in tumor growth, metastasis, and resistance to therapy.
In contrast, tumor suppressor mMiRNAS such as miR-26b, miR-135, miR-214, miR-216a, and miR-340 are
downregulated in breast cancer patients. It has been proven that these miRNAs act tumor-suppressing by
inhibiting the growth of cancer cells through p-catenin. Combining these findings with previous research
indicates that unregulated activation of oncogenic Wnt/f3-catenin signaling is linked to poor prognosis and

aggressive behavior in breast cancer patients.

6. miRNAs in the regulation of NF-kB Pathway

There are approximately 2600 miRNAs have been discovered [51]. According to current estimations, there
are an estimated 45,500 miRNA-targeted sites in the human genome based on current estimations, which
means that over 60% of genes are affected by miRNA regulation [52]. miRNAs are involved in cancer
progression as they activate abnormally the NF-kB pathway. Increasing evidence indicates that miRNAs
and their target genes play a critical role in carcinogenesis and cancer progression through the NF-kB
signaling cascade. When NF-kB is bound and sequestered by IkBs in the cytoplasm, the signal-triggered
breakdown of IBks drives nuclear translocation, and NF-kB is released from the I1kBs. Researchers do not
know how cancer cells break this negative feedback loop, which supports the production of its inhibitors,
IkBs, which maintain NF-kB activity in the cytoplasm. A previous study has demonstrated that miR-30e
binds the IB 3-UTR, deactivates NF-kB hyper-activation, and triggers glioma cell invasion and
angiogenesis by modulating NF-kB expression [53]. A new epigenetic mechanism that interrupts the IB-
NF-kB loop is mediated by miR-30e. miR-30e has been found to suppress tumor invasion and neo-vessel

creation in gliomas, providing new information for developing therapeutic interventions.

Cancer of the digestive tract, known as esophageal squamous cell carcinoma (ESCC), is highly aggressive.
NF-kB signaling disorder contributes to ESCC [54]; downregulation of miR-138 in squamous cell
carcinoma is linked to an increased risk of disease progression. TRAF2 (TNF receptor-associated factor 2)
and RIP1 (Receptor-Interacting Protein 1) poly-ubiquitination are increased when miR-138 is inhibited,

resulting in prolonged activation of NF-kB. These findings reveal a new method for ESCCs to activate NF-
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kB and a possible therapeutic target [55]. The ubiquitin-proteasome system regulates NF-kB signaling by
destroying IBks [56]. An unexpected feature of human cancer is abnormal ubiquitin conjugation. CYLD
(conserved cylindromatosis), A20, and Cezanne deubiquitinate NF-kB [57]. Inflammatory glioma cells are

more aggressive when miR-486 is present [58].

NF-kB signaling is positively influenced by ubiquitin conjugation [59]. Tumor development is stimulated
by TGF-B/Smad signaling. According to Song et al., overexpression of miR-182 in gliomas directly inhibits
CYLD, a negative regulator of NF-kB activation [60]. Cellular aggressiveness is increased when the
components of NF-kB signaling pathways are ubiquitinated. To enhance NF-kB signaling, TGF-induced
miR-182 is activated. As TGF and miR-182 are linked in clinical glioma specimens, so is the activation of
nuclear factor-kB. miR-182 targets TCEAL7 (Transcription Elongation Factor A Like 7), an NF-kB
negative regulator. The deletion of miR-182 slows the growth of endometrial cancer cells. NF-kB is

activated in glioblastoma using a novel pathway [57].

Overexpression of miR-892 reduced tumor development, metastasis, and angiogenesis, whereas miR-892b
inhibits NF-kB signaling by targeting TRAF2, TAK1, and TAB3 [61]. PPF (propofol _ effectively reduces
bacterial translocation in the intestines by preserving intestinal mucosal barrier function in CRC surgery
model mice. By decreasing the expression of miR-155, PPF may prevent the actuation of the NF-kB
pathway, hence decreasing the production of cytokines. According to this study, PPF anesthesia during

clinical CRC surgery protects the intestinal mucosa barrier [62].

NF-kB activation appears to be regulated by miRNAs in different cancers. Furthermore, the relevance of
posttranscriptional control of miRNAs in modifying NF-kB signaling is underscored because these
miRNAs target gene regulators in the NF-kB signaling network. Therefore, anti-cancer treatments targeting
a miRNA-based regulatory system will benefit from a deeper understanding of whether this mechanism is

crucial for NF-kB signaling oncogenic involvement in cancer.
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According to research, increasing the expression of tumor-suppressor miRNAs and reducing NF-kB
activation in cancer patients may be possible with the administration of anti-tumor medicines. As a result,
it is vital to thoroughly investigate the relationship between miRNAs and NF-kB signaling in cancer (Fig.

2).
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Fig. 2 In cancer, NF-kB signaling regulation via miRNAs is important. For example, GLIS2, CircC3P1,
CircPLCE1-411, FTH1P3, SCL4Al, and ANRIL enhance cancer advancement by enhancing NF-kB
signaling, whereas tumor-suppressing miRNAs such as miRNA30*, miRNA-182, and miRNA-892b

suppress cancer progression by reducing NF-kB signaling in cancer therapy.

mMiRNAs in the regulation of PI3BK/AKT pathway
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A decrease in miR-155-5p expression was observed in Wilms' tumor (WT) patients who did not receive
chemotherapy before surgery, but a higher expression was seen in those who had received chemotherapy.
This miRNA inhibits PI3BK/AKT/mTOR, which is linked to cell proliferation in WT tissues, which are
elevated for IGF2, PI3K, AKT, and mTOR [63]. Researchers are now targeting regulatory miRNAs with
specific inhibitors to reduce cancer risk. Several studies have demonstrated that tumor suppressor and
oncogenic miRNAs play critical roles in cancer management because of their complicated interactions with

downstream targets, suggesting that they may be used for diagnostics and prognostics (Fig.3).
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Fig. 3 The role of miRNAs in regulating PI3K/Akt pathway in cancer.

In addition, some carcinogenic miRNAs increase activity in PI3K/AKT pathways. It has been shown, for

instance, that miR-182 and miR-135b are upregulated in colorectal cancer tissues compared to non-cancer
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tissues. miR-182/-135b activates the PI3BK/AKT pathway, which is a direct target of miR-182/-135b. A
potential biomarker and treatment option for colorectal cancer patients is thus the miR-182/-
135b/ST6GALNAC2/PI3K/AKT axis [64]. Colorectal cancer patients' serum specimens display lower
miR-182 expression postoperatively compared to preoperatively. Those whose disease recurred had
significantly higher levels of expression of this miRNA. In cancer cells, overexpression of this miRNA
induces cell proliferation, colony formation, ki67 expression, and invasiveness by upregulating the
expression of MMP-2 and MMP-9. Also, miR-182 inhibits the production of DAB2IP (disabled homolog
2-interacting protein) by binding to its 3' UTR. Thus, miR-182 regulates the expression of DAB2IP in
colorectal cancer cells, which could activate the PI3K/Akt/mTOR and Wnt/B-catenin pathways [65]. This
miRNA overexpression was associated with poor prognosis in patients with triple-negative breast
neoplasms when compared with normal tissue and normal cell lines. Furthermore, miR-193 regulates the
PI3K/AKT pathway and promotes cell invasion. When miR-193 is silenced, cell invasion-mediated EMT

is also inhibited. [66].

miRNA in the regulation of STAT3 pathway

The expression of Bcl-2 increases cancer cell proliferation, whereas silencing the gene reduces cell death
[67]. The glioma cells die and undergo autophagy because the let-7a-1 let-7d miRNA cluster inhibits
STAT3. When Let-7 miRNA dual-luciferase reporters were used, they found STAT3 was a direct target.
miRNA clusters act as tumor suppressors in glioma cell lines and animal models [68]. GBM invasion and
migration depend on matrix metalloproteinase 2 expressions (MMP?2). In terms of cancer metastasis, MMP2
is by far an essential factor [69]. miR-506's tumor suppressor activity directly targets STAT3. In glioma
cells, motility and invasion and MMP2, cyclin D1, and Bcl-2 protein synthesis are inhibited by
overexpression of miR-506 [70]. According to the Schrodinger PyMOL 2.3 molecular docking and
visualization program, miR-181d directly links and binds to STAT3, STAT5A, and STAT7. Reducing
STAT3 and STAT5A expression in GBM mice models lowers GBM cell motility, invasion, and tumor

growth [71]. As a result, microRNAs can be effective in the therapy of GBM since they can target STAT3
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directly. Temozolomide is often used to treat GBM multiforme, which is resistant to chemotherapy.
However, the prevalence of TMZ resistance in clinical settings is increasing. Anti-drug resistance has lately
been linked to the role of microRNAs (miRNAs) [72]. Tumor cells that overexpress miR-29b are more
sensitive to TMZ treatment because it inhibits STAT3 production [73]. Specifically targeting the STAT3
transcription factor in GBM, miR-519a slows tumor growth. For the treatment of glioma, miR-519a
enhances TMZ's efficacy in vitro and in vivo in naked mice. Tumor-free and overall survival are both
reduced when miR-519a expression is low. The microglia/macrophage-mediated immune response relies
heavily on STAT3 signaling [74,75]. miR-124 can inhibit glioma cell proliferation and increase cell death
by targeting STAT3 in glioma cells. Using genetically modified mice that produce the STAT3 protein,
miR-124 has been demonstrated to enhance the immunological response mediated by T cells [76]. STAT3
expression has been found to be inhibited by the overexpression of miRNA-143 in stomach cancer. Similar
to the overexpression of mMiRNA-143, STAT3 silencing may suppress the development of AGS gastric
cancer cells. STAT3 inhibition is required for the oncogenic effects of mMiRNA-143 on gastric cancer cells.
miRNA-143 may be a primary target for treating GC [77]. miR-124-3p inhibited STAT3 activity in tumor-
infiltrating immune cells, increasing cervical cancer progression. By inhibiting STAT3 signaling,
microRNA-29a reduces cell growth and motility in laryngeal squamous cell carcinoma cells. This study's
findings will aid in developing new cancer treatments for laryngeal squamous cell carcinoma (LSCC) [78].
PDL1 expression in CRC cells could be reduced by miR124, which could lead to a T cell-mediated anti-
cancer response. The miR124 lowered STAT3 activity and its downstream pathways in CRC cells,
suggesting a tumor-suppressive role in the illness [79]. The tumor suppressor miR-125b is involved in the
growth and progression of CSCC cancers. By blocking the STAT3 pathway, this drug slows down the
growth of cells as well as the advancement of the cell cycle [80]. In gastric cancer tissues, QRT-PCR
showed a negative correlation between the expression of PD-L1 and miR-375. According to luciferase
reporter tests, microRNA-375 can bind to the JAK2 (Janus Kinase 2 ) gene's 3-UTR regions [81]. It's
possible that miR-124 might be used as a unique target in the development of PD-L1-mediated immune

response evasion strategies because blocking PD-L1 may improve the efficacy of CRC therapy.
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STATS3 function is said to depend on p-STAT3. p-STAT3's nuclear entrance regulates gene transcription.
Itis inhibited when STAT3 is activated by the SOCS (Suppressor of cytokines signaling) and PIAS families
of negative regulators. To inhibit JAK from phosphorylating STAT3, SOCS3 has an SH2 domain that can
connect to STAT3's active area. SOCS3 hinds to JAKs and blocks STAT3 phosphorylation [82]. miR-221
and miR-222 are oncogenes that are expressed in gliomas. However, their expression is restricted.
Phosphorylation of p-STAT3 is increased due to the miR-221/222 cluster's targeting of SOCS3 [83]. GBM
has also been linked to the oncogene miR-30. By targeting SOCS3, miR-30 can also induce cancer by
increasing p-STATS3 protein expression [84]. To suppress the DNA binding activity of STAT3, PIAS3
attaches to the inactive STAT3 homodimer or heterodimer [85]. GSCs (glioblastoma stem cells) express
miR-125b at a very high level. An inhibitor of miR-125b, which targeted PIAS3, inhibited STAT3
transcriptional activity, resulting in decreased MMP2 and MMP9 production in GSCs [86]. STATS,
SOCS3, and PIAS3 are activated by miRNAs, affecting the growth factor/cytokine receptors. Cell
proliferation, development, adhesion, migration, angiogenesis, and prognosis are all affected by connective
tissue growth factor (CTGF) [87]. Human glioma tissue and glioma cells express low tumor suppressor
gene miRNA-133a. It binds CTGF and regulates the JAK/STAT signaling pathways as a tumor suppressor
gene [88]. The TGF-beta oncogene only stimulates the Jak/Stat3 pathway when the Smad signaling pathway
is present. Smad4 and the transcription factor are targets of miR-124, limiting cell proliferation by
regulating STAT3 and pSTAT3 protein levels [89]. STAT3 activation is suppressed by CADML1's
interactions with HER2 and ltga6b4. CADM1 gene expression and STAT3 pathway activity are controlled
by miR-148a [90]. The STATS3 signaling pathway is not the only one that miRNAs can target. Kinesin
superfamily 6 member 20A (KIF20A) members have been discovered to be associated with tumor genesis
and progression [91]. According to functional investigations, cell proliferation, migration, and invasion are
all inhibited by miR-876-3p. miR-876-3p inhibits JAK2/STAT3 signaling in naked mice by inhibiting
KIF20A [92]. Intracellular communication is maintained by exosomes, including microRNAs, LNC, and
other RNAs [93]. According to a new study, GBM patients' blood and CSF have higher levels of miR-1246

than individuals with low-grade glioma. It has been found that the production of miR-1246 from H-GDE
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has accelerated glioma growth in both in-vivo and in-vitro. miR-1246 decreased TERF2IP expression in
macrophages, activated the STAT3 signaling pathway, and reduced the NF-kB response. H-GDE miR-1246
is essential for the polarization of macrophages into M2 [94]. One of the most common types of GBM is
proneural; the other two are neural and classical. Proneural GBM is the most common type of GBM [95].
GBM's current health is maintained in part by miRNAs. FZD6 and ALDH1A3 can be suppressed in prostate

cancer patients by Wnt/B-catenin signaling, which results in the production of miR-125b and miR-20b.

It is becoming more and more common to see non-coding RNAs linked to a wide variety of cancers.
Glioblastoma's non-coding RNAs (ncRNAS) are expected to become diagnostic and prognostic indicators
and therapeutic targets. The expression and actuation of STAT3 in gliomas are also linked to the
development and progression of the tumor. It's a given that STAT3, as a transcription factor, affects ncRNA
formation somehow. Using the ceRNA pathway, CASC9 and miR155HG increase STAT3, and STAT3
appears to be a transcription factor in glioma cells to encourage the synthesis of CASC9 and miR155HG.
Molecule expression is boosted by a positive feedback molecule. Stable STAT3 can boost the expression

of cancer-causing microRNAs such as miR-182-5p, 21, and 30b-3p.

Additionally, STAT3 can block the tumor suppressor miR-218. The most typical function of a miRNA is
to attach to the 3’-UTR of a target mMRNA and inhibit translation. STAT3-related genes (PIAS3, SOCS3)
and STAT3 upstream genes can be targeted by miRNAs in glioma, as can STAT3 mRNA. Specific miRNAs
can influence STATS3 expression and activation. However, the method by which they do so is unknown.
miRNAs can affect gene expression in several ways, including epigenetic regulation, transcription, and
posttranscriptional regulation. Many studies, however, have concentrated on miRNAs that influence the

STAT3 pathway (Fig.4).



Journal of Clinical and Translational Research
10.18053/]ctres/09.202304.22-00195

v
L] o Growth factor Q Cytokine

miRNA-148a

ctor receptor

Growth fa Cytoki
" Ytokines receptor

ol T 7Y

} -
e00e00®? 9000es
/ o m|RNA200b

\ @

miRNA-221/22 P ~ %- }— mIRNA 876-3p

iANA-30 }_h ey —1 B
mi e J
l STAT3 P
m|RNA155HG/m|RNA185 > @B a3 p |—— miRNA-262
CRNDE/mlRNA 384 3 - T l - miRN.A-6743-5p
o0
. o
miRNA-125b ——— ( pjas3 STS/-‘\FE\-%Ts P . }— ""ENA'”“
miRNA-125b
) miRNA-20b
[ o)
Circ-HIPK3
[ o)
CASCO =
STAT3 P @ Promote cell proliferation

@ Inhibit cell proliferation
STAT3 © Promote migration
STAT3 mRNA @ Inhibit migration
STAT3 ‘ P
let-7d,f
STAT3 W p miRNA-506 00

miRNA-181d @@

@® Promote chemoresistance

Inhibit chemoresistance

® Promote immunotherapeutics

) miRNA-124 ©®
v Mm,RNA-m miRNA-519a @@

miRNA-29b

Fig. 4 miRNAs associated with gliomas and linked to the STAT3 pathway. miRNAs and their targets in
the STAT3 signaling pathway are thought to regulate the formation and development of glioma. Growth
factors and cytokines, can activate STAT3 in gliomas. By binding to their respective receptors, cytokines
and growth factors can phosphorylate JAK. To perform its function as a transcription factor, STAT3 needs
to be activated by JAKs, where it can make homodimers or heterodimers. miRNAs can influence the

expression and activation of STAT3, or miRNAs can influence STATS3.
mMiRNAs in the regulation of p53 Signaling Pathway

According to a number of recent studies, miRNASs play an essential role in the tight regulation of TP53 by

interacting directly with its 3' UTR. Thus, these miRNAs may function as clinically important oncogenes
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by acting upstream of TP53. The miR125b seed region binds to TP53 and inhibits apoptosis; inhibiting
miR125b had the opposite effect [96]. In addition to PUMA (p53 upregulated modulator of apoptosis) and
IGFBP3, miR125 targets other components of the p53 network, which are conserved in humans, mice, and
zebrafish [97]. A higher expression of miR125b was linked to larger tumors, invasion, a poorer prognosis,
and shorter survival in 89 colorectal cancer samples [98]. In human B cell precursor acute lymphoblastic
leukemia (BCP-ALL), a chromosomal translocation permanently activates the mir125b gene, and animals
with this gene under the control of an E-enhancer develop deadly B cell malignancies [99]. miR125b is
known to negatively regulate the p53 pathway, which is in accordance with these findings. However,
miR125b has been shown to suppress breast cancer growth. Perhaps this is another example of miRNAS'

context-dependent function [100].

There have been several reports of miRNAs indirectly regulating p53 via downregulation of its upstream
regulators. For example, SIRT1 (Sirtuin 1) was downregulated by miR34a, resulting in an increase in p53
activity, increased expression of its targets p21 and PUMA, and increased apoptosis [101]. A positive
feedback loop forms between miR34a, SIRT1, and p53 due to miR34a being induced by p53. The self-
activating loop in tumors may be broken by CpG methylation of mir34 genes and/or mutation of p53.
Because miR200a has been proven to target SIRT1 expression [102], this induction of p53 may increase
the feedback. For p53, miR34, and YY1, a miR34 target that adversely controls p53 by promoting MDM2
(murine double minute 2) ubiquitylation, a feedback loop is possible [103,104]. Both the oncogene and
tumor suppressor miRNAs are represented in fig. 5, which directly or indirectly target p53 to promote or

inhibit cancer progression.
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Fig. 5 The figure shows microRNA-mediated regulation of TP53's 3 untranslated regions (UTR) and
miRNA-mediated downregulation of p53modifying enzymes. Some miRNAs match seed sequences in
TP53's 3 UTR or miRNASs that inhibit the expression of tumor suppressors. By adding single adenosine
(miR122+A in the picture), the poly(A) polymerase GLD2 can stabilize the miR122 microRNA. The
adenylated miR122, in conjunction with the RNA-induced silencing complex (RISC), downregulates the
expression of cytoplasmic polyadenylation element binding protein 1 (CEBP1) by binding target sites in
the 3 UTR. When CEBPL1 is downregulated, GLD4 poly(A) polymerase is not recruited to the 3 UTR of

TP53, resulting in reduced p53 expression.

mMiRNAs in the regulation of Hedgehog pathway



Journal of Clinical and Translational Research
10.18053/]ctres/09.202304.22-00195

Abnormalities in tumor stem cells' genes are common in malignant tumors; these mutations allow the tumor
stem cells to grow unchecked. Skin cancer, GC, PC, BC, lung cancer, acute myeloid leukemia, and
pancreatic cancer have all been connected to the Hh signaling system [105]. Tumorigenic effects of
Hedgehog signaling are inhibited in HCC by contending with miR-132 for attachment to sonic hedgehog
protein by TUG1 (taurine-upregulated gene 1), a competitive endogenous RNA [106]. Overexpression of
miR205HG reduced cell proliferation and cell cycle progression of cells from the EAC (esophageal
adenocarcinoma), which were found to be downregulated compared to cells from the NE. In mice,
overexpression of miR205HG slowed the growth of xenograft tumors. Hh signaling is inhibited by
miR205HG in EAC and BE tissues (r = 0.73), and in vitro studies showed the details of this inhibition. As
part of the Hh pathway, miR205HG works as a tumor suppressor to develop both BE and EAC [107].
Among described miRNAs in MB etiology, the miR-17-92 cluster, also known as Oncomir-1, has been
extensively studied for its potential role in modulating this oncogenic pathway. miR-17, miR-19a, miR-20,
and miR-92, which comprise the Oncomir-1 cluster, cause increased SHH pathway activity, leading to
tumorigenic consequences in MB formation, including tumorigenic consequences and Myc activation (Fig.

6).
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Fig. 6 Inresponse to SHH binding to its receptor, Smoothened (Smo) is unrepressed, allowing Gli proteins
to translocate to the nucleus and block SUFU repression on those proteins. A second pathway through

which SHH signaling promotes proliferation is via Smo-induced upregulation of N-Myc. The deregulation
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of multiple miRNASs supports the active status of this oncogenic pathway: the loss of miR-324-5p, 326, and
125b causes an increase in Smo and Gli expression. In addition, increased miR-214 expression may
suppress SUFU inhibition of Gli proteins. N-Myc is upregulated when Oncomir-1, which is part of the

oncogenic miR-17/92 cluster, is downregulated.

Conclusion

Understanding the role of miRNAs in cancer signaling will inspire novel research, diagnosis, and treatment
avenues. Early detection of cancer patients is greatly facilitated by the aberrant expression of miRNAs,
which varies as the disease advances. For example, with prostate cancer antigen 3, researchers have found
that it is highly specific and sensitive in detecting prostate cancer. In addition, miRNAs could be useful
therapeutic targets. Multiple techniques can be used to target the many functions of miRNAs, which can be
regulated through the spatial blockage, genome editing, or inhibition of RNA-protein interactions. miRNAs
can also be prevented from acting by preventing secondary structures from forming. A few years ago,
researchers began considering miRNAs as cancer treatment targets. The use of miRNAs as potential targets
for cancer detection and treatment holds great promise for the future of cancer care. However, utilizing
miRNAs as possible therapeutic targets and biomarkers has various drawbacks. Thanks to the rapid
development of biochemical tools and technological advancements in this field, it's still possible to identify
new miRNA molecules. However, the rapid identification of new miRNAs offers additional problems for
their definition and annotation, requiring more complete transcriptome investigations and transcription
assembly. In addition, miRNAs are still challenging to study because of the intricacy and diversity of their
interactions with cancer cell activities. We hope this research will help us better understand miRNAs and
give us new tumor indicators that may be used in the clinical diagnosis of cancer and the prognosis of the

disease.

Moreover, experimental investigations in the field of mMRNA analysis aim to achieve several objectives.
Researchers seek to study gene expression patterns to identify genes that are upregulated or downregulated

in response to stimuli or diseases. They also aim to discover mRNA-based biomarkers for diagnostic or
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prognostic purposes by comparing mRNA expression profiles between healthy and diseased individuals.
Investigating alternative splicing patterns helps uncover novel splice variants and understand their roles in
cellular processes and diseases. Additionally, researchers strive to comprehensively characterize the
transcriptome by identifying, quantifying, and understanding the functional relevance of different mMRNA
transcripts. Furthermore, mRNA analysis assists in gaining insights into cellular pathways and signaling
networks, elucidating the underlying mechanisms involved in various biological processes, including

development, disease progression, and drug response.

Future perspectives

Future perspectives in the field of MicroRNAs (miRNAs) regulating the Wnt/B-Catenin, NF-kB,
PI3K/AKT, STATS3, p53, and Hedgehog pathways hold great promise for advancing our understanding of
cellular signaling and its implications in various diseases. To further our knowledge, future research should
focus on identifying novel miRNA targets within these pathways using advanced computational methods
and experimental techniques. Additionally, functional validation of miRNA pathway crosstalk is crucial to
unravel the intricate interplay between miRNAs and these signaling pathways. Investigating the role of
miRNAs in disease pathogenesis related to these pathways, such as cancer and neurodegenerative disorders,
will provide valuable insights and may lead to the discovery of novel therapeutic targets. Furthermore, the
development of miRNA-based therapies, exploring non-coding RNA interactions, and understanding their
impact on pathway regulation are areas that hold significant potential for future exploration. These future
perspectives aim to shed light on the regulatory mechanisms governed by miRNAs, expand our knowledge

of disease mechanisms, and potentially open new avenues for therapeutic interventions.
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