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MiR-4492, a New Potential MicroRNA for Cancer Diagnosis and

Treatment: A Mini Review
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There is no doubt that the incidence of cancer sufferers is rising in the world, and it
is estimated that in the next several decades, the number of people suffering from malig-
nancies or the cancer rate will double. Diagnostic and therapeutic targeting of non-
coding RNAs (ncRNAs), especially microRNAs (miRNAs) and long noncoding RNAs
(IncRNAs), represent an excellent approach for cancer diagnosis and treatment, as well
as many other diseases. One of the latest miRNAs is miR-4492, upregulating some
genes in tumor tissues including ROMO1, HLA-G, NKIRAS2, FOXK1, and UBE2C.
It represents an attractant example of a miRNA acting at multiple levels to affect the
same malignancy hallmark. Based on the studies, miR-4492 plays a key role in several
cancers such as, breast cancer, bladder cancer, osteosarcoma, glioblastoma multi-
forme, hepatocellular carcinoma, colorectal cancer, and ovarian cancer. Putting it all
together, identifying the precise mechanisms of miR-4492 in the pathogenesis of can-
cer, could pave the way to find better diagnostic and therapeutic strategies for cancer
sufferers. For this reason, it might be a novel potential diagnostic biomarker and ther-
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INTRODUCTION

One of the most important responsible for the majority
of global deaths is non-communicable diseases," and cancer
is estimated become as the major death cause and the most
critical obstacle to enhancing life span all over the world
in the 21st century. Neoplasms include several diseases in
which the major factor is the uncontrolled cell prolifera-
tion, invasion, and diffusion of cancerous cells from pri-
mary spot to the other organs.” In a malignant tumor, cells
are immensely dissimilar to typical cells, both physiologi-
cally and morphologically.” It is proven that cancers are the
second major cause of mortality in developing nations and,
also are the major death cause in industrialized nations.”
The essential genes that participate in neoplasms are gen-
erally categorized into five major groups: 1) proto-carcinogens
(proto-oncogenes), 2) DNA repairing genes, 3) tumor sup-
pressor genes, 4) genes associated with apoptosis, and 5)
genes associated with telomere homeostasis.” Furthermore,
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the other crucial factor that scientists consider as a critical
part of beginning and deteriorating numerous diseases, es-
pecially neoplasms is increasing oxidative stress.”* Scien-
tists and clinical practitioners have applied numerous bio-
markers for therapeutic, diagnostic, and prognostic as-
sessment of neoplasms. Due to heterogeneity in the precise
molecular and cellular mechanisms in cancerous cells, nov-
el biomarkers are always required.

Noncoding RNAs (ncRNAs) are originated from the
greater constituent of the genome that do not encode any
amino acid sequence though create noncoding transcripts
that adjust the function and expression of genes and pro-
teins. MicroRNAs (miRNAs) and long ncRNAs (IncRNAs)
are the two important types of ncRNAs the well-studied
and the more lately verified. Deregulation of miRNAs and
IncRNAs has been associated to neoplasm scrutinize to
date and influences all critical neoplasm aspects.”” As
mention before, miRNAs are a great and critical class of
small noncoding RNAs found in various organisms includ-
ing plants, animals, and also in some viruses, which in-
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versely regulate expression of coding genes at the mRNA
level.® Let-7 was the first human miRNA and it was in-
troduced in 2000,>° and for the present approximately
more than 1,900 human mature miRNAs have been identi-
fied and illustrated in the miRBase miRNA online data-
base."® Most of mature miRNA sequences are positioned in
exons or introns of ncRNAs along with introns of pre-
mRNA." RNA polymerase II (Pol II) is responsible for tran-
scription of many miRNAs genes as long primary miRNAs
(pri-miRNAs), the sequence that contains a small number
of stem-loop structure made of about 70 nucleotides indi-
vidually. Mature miRNAs are orientated to the 3’ end of
their target mRNA via base pairing, subsequently result
in the destabilization and translational suppression of
mRNA. It has been assessed that miRNAs modulate the ex-
pression of already one-third of the genes coding peptides
and proteins.™

Two important roles are identified for miRNAs are regu-
lation of the epigenetics modifiers, including DNA methyl-
transferases and targeting of epigenetic modifications (i.e.,
DNA methylation)." In addition, miRNA biological func-
tions have been comprehensively investigated by the studies
about transgenic up-regulation experiments and miRNA-
knockout models."” Functional studies have shown the cru-
cial function of miRNAs in several biological actions as me-
tabolism, embryogenesis, developmental timings, apopto-
sis, cell differentiation, and organogenesis." It has been re-
cently recommended that miRNAs present in the circu-
lation could possibly participate in inter- and intra-cellular
communication."* MiRNAs have been suggested as diag-
nostic and therapeutic targets of numerous diseases.'"
Many research works have proved the major function of
miRNAs in several cancer-associated mechanisms and
pathways, like apoptosis, metabolism, proliferation, inva-
sion, drug resistance, metastasis, and differentiation. The
pathological route of malignancy has also been confirmed
to be directly linked to the miRNAs dysregulation.'® Fur-
thermore, miRNASs could be specific to one or a few tissues.
Moreover, many studies have shown that various neo-
plasms have distinguishing profiles regarding miRNA
expression. Until now, the fundamental biogenesis and in-
teractions of the intracellular miRNAs were examined in
numerous subjects.’® Alternatively, the presense of ex-
tracellular RNAs in circulation was introduced first by
Bartel and several miRNAs are confirmed to be found in
a stable cell-free condition in biofluids and other extracel-
lular milieu, including plasma, seminal serum, ascites, sal-
iva, urine, cerebrospinal fluid, and amniotic pleural ef-
fusions.'®"®

The usage of miRNA-based diagnostics and therapeutics
have advantages. MiRNAs play through targeting various
genes within pathways, thus provoking a wider yet specific
response. For example, one of the latest miRNAs intro-
duced as miR-4492, upregulating several genes such as
ROMO1, HLA-G, NKIRAS2, FOXK1, and UBE2C, consti-
tutes a great example of a miRNA functioning at many lev-
els to influence the same neoplasm hallmark.”"** For in-
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stance, miR-4492 upregulation as a ncRNA targeting HLA-G
in trophoblasts is associated the secretion of extracellular
vesicle secretion.” LncRNA FTX and UBE2C, upregulated
in renal cell carcinoma (RCC) are crucial factors promoting
proliferation, migration and invasion capacities in this
neoplasms. The link between these two genes is miR-4429
which could block UBE2C and also be targeted by IncRNA
TFX, providing an opportunity to develop a biomarker in
RCC.” Additionally, miR-4492 sponged by hsa_circ_0000043
along with expression of BDNF and STAT3 are associated
with 16HBE-T cell migrating, invading, and proliferating.*
The usage and targeting of occurring miRNAs can be an-
other bright approach to existing RNA-based therapies
and diagnosis, and also might potentially promote diag-
nostic and therapeutic effects.”

As it is established, not all but only a portion of RNA pool
is translated to proteins. This phenomenon brings the
chance for some RNA interactions of same or different
types, leading to more roles for RNA pool in cellular func-
tion. Luciferase reporter assay, as a functional test, is ap-
plied to measure assess intermolecular interactions. Re-
cently, luciferase reporter assay has been adapted to eval-
uate the posttranscriptional regulation through miRNA-
mRNA interactions.”* Several works have used the 3UTR
of target genes downstream to the luciferase coding se-
quence and overexpressed the regulator miRNAs to ana-
lyze the effect of miRNA interaction on luciferase expres-
sion.”** Using similar principle, protocols for dual-fluo-
rescence assay have been established with constructs ex-
pressing mCherry with the miRNA target sequence to vali-
date the effect of miRNA on target gene expression. This
evaluation provides numerous advantages, including use
of a larger sample size, promoting in time-course studies,
and even being applied for high throughput techniques,
thus making it a proper choice for understanding RNA-
RNA interactions.”® To start detecting the interaction be-
tween RNA and protein of target, cells expressing the pro-
tein are lysed. For RNA-dependent pull-down, the pre-
pared lysate is incubated with streptavidin-based beads
which are coated with a biotinylated IncRNA (IncRNA is
synthesized and conjugated before). For RNA immunopre-
cipitation (RIP), IncRNA is co-precipitated with the protein
of target from the lysate. In order to pull down IncRNAs in
vitro, the immunopurified and immobilized protein is in-
cubated with radiolabeled transcripts. Both RNA pull-down
and RIP are of prevalently utilized since they are consid-
ered as simple, convenient, and low-cost techniques. How-
ever, contrary to immunoprecipitation methods, pull-down
techniques are mostly beneficial in in vitro settings.””*®

In this mini review, we focus on the biological functions
of miR-4492, interacting with IncRNAs, and also the role
of this miRNA in neoplasms. In the following, association
of miR-4492 with several neoplasms and its diagnostic and
therapeutic potential will be discussed.
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A new role named competing endogenous RNA (ceRNA)
has been reported. This important phenomenon in post-
transcriptional regulation of many kinds of RNAs (coding
and noncoding) competing for the same pool of miRNA to
regulate each other, therefore, it sounds significantly im-
portant in neoplasms. Generally IncRNAs are introduced
as a sponge to miRNAs in order to limit their accessibility
and consequently, control the expression of their target
mRNAs.*** The ongoing research to offer novel insight in-
to the roles and interaciotns of ncRNAs in cancer is pro-
mising. The investigation of miR-4492 in cancer literature
generally is mainly ill investigated. However, it is note-
worthy to mention that some IncRNAs have also been eval-
uated along with miR-4492 to find their possible interac-
tions. Here we mention a few examples of IncRNAs studied
in various cancers and their relations with miR-4492 are
assayed (Fig. 1).

Forkhead Box D2 adjacent opposite strand RNA 1
(FOXD2-AS1) is an IncRNA showing an overexpression in
ovarian cancer, both in human cancer tissues and cancer
cell lines.” FOXD2-AS1 is generally known as a tumor pro-
moter/accelerator and predicts poor prognosis in some
cancers.”®® This oncogene targets miR-4492 directly as a
sponge via a mutual binding site (validated by lucifar-
ese-based assay), hence they are negatively correlated. By
a clinical approach, it is possible that FOXD2-AS1 could
promote the cancer cells by reducing miR-4492 expression,
the phenomenon which might be informative both in diag-
nosis and targeting of ovarian cancer.”’ Further analyses
are needed to confirm this interaction since FOXD2-AS1
shows correlation with more ncRNAs, including miR-143,*
miR-485-5p,%® and miR-7-5p.*" Additionally the sponge ac-
tion of FOXD2-AS1 has been reported for other miRNAs

IncRNAFOXDZ-AS1‘ ’ IncRNA SNHG22 ‘
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(including miR-182-5p and miR-375) as well.*** These
phenomena add to the complexity of the action of these
ncRNAs.

Long intergenic noncoding RNA 319 (LINC00319) is an-
other noticed IncRNA, presenting a role in cancer cell pro-
gression, proliferation, metastasis, poor prognosis and
metastasis.*”* It is also upregulated in bladder cancer tis-
sue as well as bladder cancer cell lines and provokes cancer
progression. The upregulated expression of this IncRNA is
positively correlated to the stage of the cancer, and neg-
atively correlated to the recurrence-free survival of the pa-
tients and the expression of miR-4492. Studies also has
shown that the latter leads to the overexpression of reactive
oxygen species modulator 1 (ROMO1).* Similar to FOXD2-
AS1, LINC00319 has a targeting role for miR-4492 (con-
firmed by lucifarese-based assay, RNA pull down and im-
munoprecipitation) hence these ncRNAs show a direct
correlation. MiR-4492 acts as a tumor suppressor gene in
ovarian and bladder cancers. Accordingly, ROMO-1 is gen-
erally known as a possible target of this microRNA, a pro-
tein which acts as a progression accelerator in cancer.*”*’
It is reasonable to accept LINC00319/miR44-92 as a signal-
ing axis that controls the expression of ROMO1.* It is note-
worthy that inhibition of miR-4492 inverted the LINC00319
and FOXD2-AS1 suppression effects.®**

Small nucleolar RNA host gene 22 (SNHG22) is another
example of IncRNA showing connections with miR-4492 in
cancer. The main role of SNHG22 in many neoplasms is ill
investigated. Similar to the previously described IncRNAs,
SNHG22 acts as a sponge for many miRNAs (including
miR-2467," miR-200c-3p,* and miR-4492,”° the latter con-
firmed by RNA pull-down and RNA immunoprecipitation
measures) in the cytoplasm. The expression of this IncRNA
is downregulated in osteosarcoma, a phenomenon which is
in accordance with activation of migration, proliferation,

’ IncRNA LINC01503 ‘ ’ IncRNA LINC00319

’ Colorectal cancer ‘ ’ Bladder cancer ‘

Hepatocellular
carcinoma

Breast cancer

Glioblastoma

FIG. 1. The association of miR-4492 with several neoplasms. MiR-4492 acts a crucial role in several cancers such as breast cancer, bladder
cancer, osteosarcoma, glioblastoma, hepatocellular carcinoma, colorectal cancer, and ovarian cancer, through various up-stream
IncRNAs and down-stream protein genes. FOXD2-AS1: Forkhead Box D2 adjacent opposite strand RNA 1, SNHG22: small nucleolar
RNA host gene 22, LINC01503: long intergenic non-protein coding RNA 1503, LINC00319: long intergenic noncoding RNA 319,
NKIRAS2: NK-kB inhibitor-interacting Ras-like 2, FOXK1: Forkhead Box K1, ROMO1: reactive oxygen species modulator 1.
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and invasion of osteosarcoma cells. Also the overexpres-
sion of SNHG22 inhibits crucial mechanisms in cancer, like
epithelial-to-mesenchymal transition and angiogenesis.”
It is also reported that miR-4492 regulates NK-kB in-
hibitor-interacting Ras-like 2 (NKIRAS2), a protein that
regulates the activation of NF-kappa B by NK-kappa B
inhibition.” The expression of NKIRAS is downregulated
in osteosarcoma. These findings offers that this protein
could be a direct target of miR-4492 and makes SNHG22
a proper target for the management of osteosarcoma. The
downregulation effects of miR-4492 on NKIRAS2 mainly
effects the protein level, indicating the effect of miR as a
ceRNA in SNHG22-miR-4492- NKIRAS?2 axis.”

The function of long intergenic non-protein coding RNA
1503 (LINC01503) in cancer together with miR-4492 has
also been reported. The expression of this IncRNA is upre-
gulated in many cancers including colorectal,” gastric car-
dia adenocarcinoma,’ and glioma.”* The oncogenic role of
LINC015083 is tightly in relation with overexpression of a
well-known oncogene, Forkhead Box K1 (FOXK1), a phe-
nomenon that happens by LINC01503 sponging miR-4492.
On this basis, miR-4492 is known as another direct target
LINC01503 in neoplasms since it targets FOXK1 directly
(validated by lucifarese-based assay).”

The benefits of miR-4492 assay is not limited to its ex-
pression in tumor tissues but it is useful to be assessed in
plasma as a circulating RNA, providing a possibility to pre-
dict the therapy response in neoplasms. MiR-4492 is re-
ported to be significantly associated with complete re-
sponse (elevated in comparison to partial response) to
transarterial chemoembolization in patients suffering
hepatocellular carcinoma. Together with a combined as-
sessment of specificity and sensitivity through a ROC
curve, miR-4492 is offered as a promising biomarker, sur-
passing alpha-fetoprotein to predict response to trans-
arterial chemoembolization.”

While most of the available data about miR-4492 sup-
ports the tumor suppressor role for this ncRNA, some evi-
dence approve the contrary. All the findings on the tumor
tissues are supported by cell culture evaluations, indicat-
ing that miR-4492 expression opposes tumor progres-
sion,*"***** however, there are certain publications that
offer an oncogenic role for this ncRNA. For instance, sphe-
roid-enriched MCF-7 breast cells have shown some of the
characteristics of cancer stem cells (i.e., cancer stem cell
markers). These cells present the overexpression of mir-
4492 (23 fold-change) simultaneously with chemoresis-
tance, self-renewability, and metastasis.”® These finding
would attract more attention to miR-4492 since the ex-
pression of this miRNA has never been reported in breast
cancer before, and unlike in cancers of ovary, bladder, color-
ectal, and osteosarcoma, miR-4492 might support onco-
genesis in breast cancer. The elevated miR-4492 expres-
sion is reported in spheroid-enriched cells, which represent
cancer stem cells (CSCs). It is noteworthy that CSCs are
associated with the relapses of neoplasms (including self-
renewal and chemoresistance capabilities) and eventually,
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metastasis. In other words, elevated expression on miR-4492
is reported in a specific model, which does not happen in
every breast cancer case. In addition, clinical evidence are
needed to further evaluate these in vitro (spheroid culture)
findings. Such phenomenon is reported regarding glioblas-
toma. It is proposed that miR-4492 could be a new prog-
nostic biomarker of brain cancer, especially glioblastoma,
which is activated in necrosis.” Further, the elevated ex-
pression of this ncRNA is reversely correlated with the ex-
pression of genes acting as focal adhesion.

FUTURE DIRECTION AND CHALLENGES

More effective integration of data-driven and expert-
driven strategies for biomarker discovery and identifica-
tion is seen as key to improved success. Despite the various
studies have been carried out on mir-4492, it must go
through different steps to reach a clinical biomarker. First,
its relationship with other IncRNAs and proteins that play
a pivotal role in inhibiting or launching neoplasms should
be investigated using more and stronger bioinformatics
software. Secondly, these relationships should be proven
by in vitro and in vivo studies. Then, it should be measured
in various populations with different age groups on several
diseases, both in tissue and plasma, and eventually a cutoff
would be determined. After going through these steps,
mir-4492 might be used as a clinical biomarker for diag-
nosis and treatment of neoplasms.

CONCLUSION AND PERSPECTIVES

Since the first ncRNAs uncovering, especially miRNAs,
there has been a noticeable count of research evaluated
their biological roles and the potential of biomarkers for
cancer diagnosis and treatment. As we described here,
miR-4492 has been proven to contribute in several malig-
nancies opposing the tumorigenesis and development of
cancerous cells. However, it is mandatory to examine this
ncRNA in different stages of neoplasms and various speci-
mens (i.e., plasma and urine) to reach a better insight on
its value. For this reason, identifying the exact mecha-
nisms of miR-4492 in the pathogenesis of cancer, might
pave the way to find better diagnostic and therapeutic
strategies for cancer. Further, miRNA-4492 could be a nov-
el potential diagnostic biomarker and therapeutic target
for malignancy. Moreover, the prosperous utilization of
RNA-based diagnostics and therapeutics demands an ex-
traordinary multidisciplinary manner, including meth-
odological promotion in cellular and molecular biology, bio-
chemistry, nanotechnology, pharmacology, and immunology.
Although demanding, with the numerous novel, promising
and creative advancements that are revealing by valuable
preclinical application, the challenges encounter the field
of RNA therapeutics will finally be overcomed in the near
future.
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