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Disorders of miR-484 expression are observed in cancer, different diseases or
pathological states. There is accumulating evidence that miR-484 plays an essential
role in the development as well as the regression of different diseases, and miR-484 has
been reported as a key regulator of common cancer and non-cancer diseases. The miR-
484 targets that have effects on inflammation, apoptosis and mitochondrial function
include SMAD7, Fis1, YAP1 and BCL2L13. For cancer, identified targets include VEGFB,
VEGFR2, MAP2, MMP14, HNF1A, TUSC5 and KLF12. The effects of miR-484 on these
targets have been documented separately. Moreover, miR-484 is typically described as
an oncosuppressor, but this claim is simplistic and one-sided. This review will combine
relevant basic and clinical studies to find that miR-484 promotes tumorigenesis and
metastasis in liver, prostate and lung tissues. It will provide a basis for the possible
mechanisms of miR-484 in early tumor diagnosis, prognosis determination, disease
assessment, and as a potential therapeutic target for tumors.
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INTRODUCTION
MICRORNAS BIOLOGICAL ORIGIN AND FEATURES

According to current knowledge, about 90% of the human genome is transcribed, and less than 3%
of the genome is capable of encoding proteins, yet most of the genome produces non-coding RNA
(ncRNA) (1). MicroRNA (miRNA), with a length of about 22 nucleotides(nt), is a member of the
regulatory and small ncRNAs. miRNAs are widely observed in eukaryotes and remain highly
conserved and homologous, suggesting that miRNAs have the same regulatory mechanisms during
development in different organisms (2, 3). In addition, miRNA expression maintains a dynamic
regulatory state at different developmental time points or in diverse cells and tissues (4–6). Although
only about a thousand miRNAs have been identified, they regulate close to 30% of gene expression,
which is closely related to the phenomenon of miRNA motif clustering. miRNAs bind to target
RNAs through complementary pairing at the 5’ end (known as seed sequences) and down-regulate
gene expression at the post-transcriptional level consisting mainly of mRNA degradation or
translational repression (7). In recent years, some scholars have proposed that miRNAs can
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activate gene transcriptional expression by binding to enhancers
and changing the chromatin state of enhancers, and named these
miRNAs as Nuclear Activating miRNA (NamiRNA) and
proposed a new regulatory model of “NamiRNA-enhancer-
gene activation” (8–10). In conclusion, miRNAs have a dual
function of repressing gene expression in the cytoplasm and
activating gene transcription in the nucleus.

Since miRNAs regulate multiple biological functions in many
different specific pathways or physiological processes, abnormal
miRNA expression has great potential in disease diagnosis and
prognosis. The role of miRNAs in cancer is divided into
oncogenes, tumor suppressor genes, and mixed effects. For
example, miR-126 contributes to the development of chronic
granulocytic leukemia by promoting the downregulation of B-
cell differentiation genes and regulating the ability of myeloid
cells to adhere and migrate (11). However, deletion or
downregulation of miR-15 and miR-16 gene fragments are
present in more than half of the B-cell chronic lymphocytic
leukemia (12). The miR-29 family plays an oncogenic role in
colorectal cancer (13) nevertheless high expression of miR-29
advances acute myeloid leukemia disease progression (14).
miRNAs are also involved in the regulation of embryonic
development. The first identified miRNAs, miRNA-lin4 and
let-7, are involved in controlling the timing of nematode
development. In addition, miRNAs are also engaged in the
regulation of immune response, glucolipid metabolism and
ischemia-hypoxia related pathways, such as ankylosing
spondylitis (15), diabetes (16), non-alcoholic fatty liver diseases
(17) and myocardial infarction (18).

In summary, individual miRNA could regulate complex
physiological or disease phenotypes by modulating entire
functional networks. Screening specific miRNA molecules as
biomarkers for assessing disease progression and prognosis,
especially targeting miRNA therapy is not only challenging but
also promising for some diseases.
IMPORTANT CHARACTERISTICS
OF MIR-484

miR-484 is not highly conserved in mice, rats, and humans and
located in the Meiosis arrest female 1 (MARF1) promoter region on
host gene chromosome 16p13.11 in human and mouse and on rat
chromosome 10q11, respectively. Notably, the human chromosome
16p13.11 microduplication may be pathogenic for the nervous
system (19, 20). In this review, we focus on the essential functions
of miR-484 in health and various diseases. In human, mice and rat,
mature miR-484 is composed of 22 nucleotides (Figure 1).
However, miR-484 stem-loop sequences are not identical among
various genera (Figure 1). Our initial screening of miR-484
downstream targets by classical miRNA target gene prediction
tools (TargetScan, PITA, DIANA-micro and miRanda) revealed
45 and 49 target genes for miR-484 in mouse and human species,
respectively (Figure 2A and Supplementary Tables 1–2). Further
analysis revealed that only 5 of the above target genes were targeted
by miR-484 in both human and mouse species (Figure 2A).
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In addition, as shown in Table 1 is a comprehensive list of miR-
484 downstream targets that have been validated to date. The
physiological functions of miR-484 in mammals are multifaceted
and involve endoplasmic reticulum stress, oxidative stress,
inflammation, cell proliferation and apoptosis. Besides, several
reports have confirmed the abnormal expression of miR-484 in
both tissue and serum specimens from clinical patients (29, 30, 32).
The modalities and regulatory mechanisms of miR-484 regulation
of downstream target genes in different types of cells and their
microenvironments are unique. First, mutations in the bta-miR-484
seed sequence neo-SNPs (G4693T) directly lead to increased
expression of heat shock transcription factor 1 (HSF1) while
affecting the heat stress resistance response in cows (21, 22).
Secondly, miR-484 has a unique type of regulation in the
cytoplasm. miR-484 reduces Fis1 protein expression levels by
binding to the amino acid coding sequence of Fis1 and inhibiting
its translation (48). Next, unlike the former, miR-484 undergoes its
own maturation disorder in the nucleus.miR-361 can bind to the
primary transcript of miR-484 (pri-miR-484) resulting in the
inability of Drosha to process into pre-miR-484 in the nucleus
(23). Finally, miR-484 regulates its own expression in the nucleus
through epigenetic mechanisms. Hu et al. demonstrated that the
reduction of DNAmethyltransferase DNMT1 recruited by EZH2 in
cervical cancer cells resulted in decreased CpG methylation of the
miR-484 promoter raising the expression level of miR-484 (32).
Consistency with the former, hypermethylation at the CpG island
site of the miR-484 promoter in microsatellite instability colorectal
cancer significantly downregulates miR-484 production (33). In
apart from the above mechanisms, mature miRNAs compete with
long-stranded non-coding RNAs (lncRNAs) to bind the 3’-UTR of
target mRNAs and indirectly inhibit the negative regulation of
target genes by miRNAs, such as lncRNA Ttc3-209 in human
retinal cells (24), PGM5-AS1 in colorectal cancer (28), TMEM220-
AS1 in hepatocellular carcinoma cells (29), THAP9-AS1 in
pancreatic ductal adenocarcinoma (30) and PCED1B-AS1 in
Clear Cell Renal Cell Carcinoma (27), which are considered as
ceRNAs, by competitively inhibiting miR-484 binding and
upregulating the translation of target proteins.

Hypoxia, chronic inflammation, immunosuppression,
ionizing radiation and other cellular microenvironmental
factors can affect miRNA expression. For example, the
pathological process of ischemic perfusion injury induces miR-
484 expression in retinal ganglion cells (24), cardiac muscle (26,
49, 50) and brain tissue (25). Low-dose ionizing radiation
exposure induces downregulation of miR-484 expression in
small cell lung cancer cells (51, 52). Chronic inflammation
stimulates keratin-forming cells and endometrial cells to
upregulate miR-484 (53, 54).
PHYSIOLOGICAL ROLES OF MIR-484

miR-484 Mediates Endothelial Cell
Vulnerability
Normally, endothelial nitric oxide synthase (eNOS) is activated
by binding to tetrahydrobiopterin (BH4) in endothelial cells
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(ECs) and catalyzes the synthesis of nitric oxide (NO) from
arginine and oxygen, leading to vasodilation. However, reactive
oxygen species (ROS) degradation of BH4 leads to eNOS
inactivation causing EC dysfunction. miR-484 and miR-93 in
ECs are able to target the seed sequence of the 3’UTR of eNOS
and Krüppel-like factor 2 (KLF2) mRNAs and repress protein
transcription (31, 55). The sustained low expression of miR-484
in ECs under physiological conditions protects against
endothelial injury by pulsatile shear (PS) and oscillatory shear
(OS). Interestingly, there was a high enrichment of miR-484 in
diseased endothelial progenitor cells (56). Furthermore, miR-484
is a molecular marker of carotid plaque development and rupture
vulnerability (56). It is reasonable to speculate that miR-484
plays an important role in maintaining vascular endothelial cell
homeostasis and inhibiting endothelial dysfunction (Figure 2B).
Frontiers in Oncology | www.frontiersin.org 3
miR-484 Affects Mitochondrial Biological
Function and Morphology
The physiological balance of mitochondria to maintain the fused
and divided state provides important energy for cellular life
activities. miR-484 was ability to alleviate the reduced I/R
mitochondrial membrane potential in cardiomyocytes by
decreasing the level of apoptosis (26). In addition, a long-
stranded noncoding RNA called mitochondrial dynamics-
related lncRNA (MDRL) regulates mitochondrial division and
apoptosis by targeting miR-361 to block pri-miR-484 binding to
Drosha, leading to impaired production of mature miR-484 (23).
Recently, it has been demonstrated that the Foxo3a-miR-484-
Fis1 signaling axis directly regulates the mitochondrial division
program in cardiac myocytes (48). Based on the effect of miR-
484 in regulating mitochondrial morphology and function, it is
FIGURE 1 | The sequence structure of the miR-484. Hsa-miR-484, mmu-miR-484 and rno-miR-484 are located on chromosome 16 (chr16: 15643294-15643372),
chromosome 16 (chr16: 14159626-14159692) and chromosome 10(chr10: 27845-27921and 908408-908484). They all have the same and only one miR-484
mature sequence.
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expected to be an important research target for mitochondria-
related diseases in the future. (Figure 2C).

miR-484 Regulates Glucolipid Metabolism
miRNAs play an active role in glucose synthesis and lipid
metabolism. Elevated glucose significantly downregulated miR-
484 levels in pancreatic b-cells, suggesting that miR-484 may be a
regulator of insulin gene expression (57). Raitoharju et al.
revealed (58) that hsa-miR-484 is strongly associated with
insulin resistance-related metabolites. RNA-seq analysis of
serum circulating miRNA (c-miRNA) revealed that miR-484
was significantly up-regulated in obese children of born small for
gestational age (SGA) and appropriate for gestational age (AGA)
(59). Surprisingly, a study confirmed that circulating miR-484
and miR-378 were most significantly negatively associated with
BMI and visceral fat content, and even GO analysis showed that
miR-484 and miR-378 target genes are closely associated with
carbohydrate and lipid metabolism (60). Further, Miyamoto
et al. constructed palmitate-induced endoplasmic reticulum
Frontiers in Oncology | www.frontiersin.org 4
stress conditions in hepatocytes in vitro and found that
significant downregulation of miR-484 is closely associated
with lipoapoptosis (61). In summary, miR-484 may be more
promising and has potential for study in insulin signaling,
glucose transport, insulin resistance and lipid metabolism.

miR-484 Contributes to Neurological
Function
Some specific miRNAs in the central nervous system (CNS) are of
vital concern in various aspects involved in central development,
neuronal differentiation and synaptic shaping (62–64). Luceri et al.
identify that mmu-miR-484 upregulation in the cortex and
cerebellum regions may be associated with changes in cognitive,
motor and emotional behavior in mice (65). Interestingly, mmu-
miR-484 is involved in stress resilience through the regulation of
Map2k4 and Pik3r1in prefrontal cortical regions (66). In other, it
has been documented that the predicted targets of miR-484 are
enriched in protein co-expression modules of synaptic transmission
and long-term synaptic plasticity regulation, which may be relevant
A

B C

FIGURE 2 | Prediction of miR-484 downstream targets and the role of miR-484 in physiological states. (A) The Wayne diagram shows the results of hsa-miR-484
and mus-miR-484 target prediction by four miRNA-related databases. In addition, a cross-set of common downstream targets for mouse and human. Left: hsa-miR-
484 predicted target results. Right: mus-miR-484 predicted targets. Middle top: cross-set of three databases common to human (blue) and mouse (red) targets.
Middle bottom: cross-set of four databases common to human (blue) and mouse (red) targets. (B) Mockup shows the mechanism of miR-484 involvement in
maintaining the function of Ecs. (C) The mechanism of miR-484 involvement in mitochondrial function division in cardiomyocytes.
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TABLE 1 | Validated targets of the miR-484.

miRNAs Downstream
Target Gene

Upstream
Target Gene

Feature Effect Tissue or cell line PMID

1 bta-miR-
484

HSF1 NA-binding transcription factor Transcriptional activation of the
heat shock response

Chinese Holstein cattle (21,
22)

2 pri-miR-
484

miR-361
MDRL

Inhibition of mature miR-484
production

Neonatal mouse
cardiomyocytes

(23)

3 mmu-
miR-484
hsa-miR-
484

Fis-1 Foxo3a Mitochondrial fission
Transcriptional activator which triggers
apoptosis

Apoptosis Mouse cardiomyocytes
Human adrenocortical cancer
cells (H295R cell)

(23)

4 mmu-
miR-484

Wnt8a lncRNA Ttc3-
209

Transmembrane receptor Apoptosis Retinal ganglion cells (24)

5 mmu-
miR-484

LncRNA: ceRNA Apoptosis Retinal ganglion cells (24)

6 mmu-
miR-484

BCL2L13 Apoptosis facilitator Apoptosis Mouse brain tissue (25)

7 rno-miR-
484

SMAD7 TGF-b receptor antagonist Apoptosis Rat heart tissue (26)

8 hsa-miR-
484

ZEB1 lncRNA
PCED1B-AS1

Transcriptional repressor Proliferation, migration and EMT Human clear cell renal cell
carcinoma

(27)

9 hsa-miR-
484

lncRNA
PGM5-AS1

Proliferation, migration and EMT Human colorectal cancer
(SW480 and HCT116 cells)

(28)

10 hsa-miR-
484

MAGI1 lncRNA
TMEM220-AS1

Membrane associated guanylate
kinases

Proliferation, migration and EMT Human liver tumor tissue (29)

11 hsa-miR-
484

YAP lncRNA
THAP9-AS1

The critical downstream regulatory
target in the Hippo signaling pathway

Promotes THAP9-AS1 transcription
to form a feed-forward circuit

Human pancreatic ductal
adenocarcinoma

(30)

12 hsa-miR-
484

eNOS Nitric oxide synthase Evokes endothelial dysfunction Human umbilical endothelial
cells (HUVECs)

(31)

13 hsa-miR-
484

MMP14
HNF1A

Endopeptidase
Transcriptional activator

Regulates the WNT/MAPK and
TNF signaling pathway

Human cervical cancer tissue (32)

14 hsa-miR-
484

EZH2
DNMT1

Transcriptional repression
Methylates hemimethylated DNA.

CpG methylation of miR-484
promoter

Human cervical cancer tissue (32)

15 hsa-miR-
484

CD137L Tumor necrosis factor family Attenuated IL-8 production Human colorectal cancer (33)

16 rno-miR-
484

YAP1 Transcriptional coactivator Apoptosis Rat cardiomyocytes (H9c2) (34)

17 rno-miR-
484

LINC00339 LncRNA Inhibit proliferation
Promotes apoptosis

Rat cardiomyocytes (H9c2) (34)

18 Mmu-
miR-484

PCDH19 Potential calcium-dependent cell-
adhesion protein

promotes neurogenesis Mouse cortical progenitor
Mouse cortical neuron

(20)

19 Hsa-miR-
484

CCL-18 CC-type chemokine Suppress cell proliferation Human GC tissue (35)

0 Hsa-miR-
484

ZFAS1 LncRNA Suppress cell proliferation and
invasion

Human CRC tissue
Human CRC cell lines

(36)

21 Hsa-miR-
484

KLF12 LINC00239 Transcriptional repression Suppress cell proliferation and
invasion

Human CRC tissue
Human colon epithelium cell
line (FHC)
Human CRC cell lines

(37)

22 Hsa-miR-
484

CircADAMTS13 circRNA Promotes tumorigenesis Human tumor and matched
peritumor tissues

(38)

23 Hsa-miR-
484

TUSC5 Tumor suppressor Promotes tumorigenesis Paired HCC and adjacent
normal tissue

(39)

24 Hsa/mus-
miR-484

SAMD9 Endosome fusion facilitator, Promotes tumorigenesis Human HGDN specimen
Mouse liver tissue

(40)

25 Hsa-miR-
484

YAP THAP9-AS1 Transcriptional coactivator
LncRNA

Tumour-suppressive Female Balb/C athymic nude
mice

(30)

26 Hsa-miR-
484

PSMG1 Promotes proteasome assembly Promotes recurrence and migration Human prostate cell lines (41)

27 Hsa-miR-
484

Apaf-1 Apoptotic protease-activating factor Promotes tumorigenesis Human NSCLC tissues
Human NSCLC cell lines

(42)

28 Hsa-miR-
484

OLA1 Hydrolyzes ATP and GTP Potential biomarkers Human nasopharyngeal cell
lines

(43)

29 Hsa-miR-
484

KLF4 Kruppel family of transcription factors Reduce
tamoxifen resistance

The human breast carcinoma
cell lines

(44)

(Continued)
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to cognitive function (67). Consistent with the former results, miR-
484 target genes were mainly concentrated in cognitive function-
related genes and neurotrophin signaling genes were significantly
enriched (68). It is reasonable to speculate that miR-484 has a
potential regulatory role in neurological cognitive function.
THE ROLE OF MIR-484 IN
NON-CANCEROUS DISEASES

Cardiovascular Diseases
Acute Myocardial Infarction
Acute myocardial infarction (AMI) has constituted one of the
major hazards to the public, featuring high incidence, mortality
and disability. The time from the onset of infarct symptoms to
the onset offibrous reperfusion is a key determinant of successful
recanalization and survival. Nevertheless, there is no effective
treatment for the reperfusion process that naturally induces
cardiomyocyte death. Some cardiac-specific miRNAs have
gained attention as potential therapeutic targets due to their
role in gene regulation during disease progression. For example,
MRG-110, which targets miR-92a, entered clinical trials because
it significantly stimulated revascularization and healing and
alleviated ischemic injury in the heart (69). miR-484 is most
abundantly expressed in the heart and dysregulated in human
ischemic heart samples, suggesting a potential close relationship
between miR-484 and cardiac ischemia-related diseases
(70).TGF-b-SMADs signaling axis as one of the major
pathways of myocardial ischemia-reperfusion injury (MI/R)
(71, 72). Notably, Liu et al. revealed that rat-miR-484 directly
targets SMAD7 to inhibit apoptosis to protect against MI/R in
rats (26). Furthermore, whether the relationship of miR-484
indirectly regulating SMAD2 in cervical cancer tissues (45) also
exists with cardiac tissues or even involved in MI/R remains to be
further tested. Particularly, miR-484, which was shown to be a
Foxo3a trans-activator, exerts a protective importance by directly
targeting Fis1 during MI/R (48) (Table 2). Moreover, ability to
tolerate high-intensity exercise in patients recovering from AMI
has a significant positive correlation with circulating miR-484
levels (49). Combining these results revealed that both MI/R
process tissue and circulating miR-484 act as protective factors to
slow down impaired cardiomyocyte function and accelerate the
recovery process, promising to already be a powerful diagnostic
Frontiers in Oncology | www.frontiersin.org 6
or prognostic biomarker and a particularly promising drug target
candidate for therapeutic applications in cardiovascular disease.

Atherosclerosis
Atherosclerosis (AS) is one of the most common diseases of the
cardiovascular system. Its pathogenesis is complex and is mainly
characterized by plaques formed by lipid accumulation, fibrous
tissue proliferation and calcium deposition in the intima.

High-risk factors such as inflammation, blood flow shear and
hypertension accelerate impaired endothelial cell (EC) function
as one of the main pathological processes in AS. miRNA-induced
EC dysfunction and high expression of adhesion molecules
accelerate AS plaque formation (80). For example, miR-34a
and miR-216a inhibited silent information regulator 1 (SIRT1)
(81) and SMAD3 (82) expression levels promoting ECs
senescence and adhesion, respectively. Caparosa et al. collected
identical post-bifurcation rupture-prone plaques from
symptomatic and asymptomatic patients with carotid stenosis
by microarray assay of miRNA and mRNA expression profiles to
finally screen for differentially expressed miRNAs. surprisingly,
miR-484 was included, and DACH1 screened as a high
confidence mRNA target for miR-484 (73). Given the
instability of post-bifurcation plaques, miR-484 is expected to
be a molecular marker of carotid plaque rupture vulnerability.
Furthermore, the role of DACH1 on vascular endothelial cell
development and migration is supported by evidence (83, 84). In
another study, it was demonstrated that high expression of
DACH1 in mouse cardiac endothelial cells (ECs) significantly
promoted coronary artery differentiation and significantly
improved survival after myocardial infarction in mice (85).
The potential of miR-484 to target DACH1 molecules to
regulate arterial EC cell activity and differentiation, among
others, remains to be further tested. Moreover, abnormal levels
of exosomal miRNA in serum of AS patients have been
demonstrated (86). Notably, Wang et al. found by small RNA
sequencing (smRNA-seq) that miR-484 showed high enrichment
in both diseased endothelial progenitor cells and plasma from
patients with coronary atherosclerotic heart disease (56)
(Table 2). The literature has reported that miR-484 is elevated
in the serum of CAV patients compared to EC healthy
individuals, which is consistent with the former results (31).
Unfortunately, miR-484 cannot inhibit the expression of VEGF,
significantly involved in the progression of AS pathogenesis, and
modulate the cell activity of ECs (56). In summary, miR-484
TABLE 1 | Continued

miRNAs Downstream
Target Gene

Upstream
Target Gene

Feature Effect Tissue or cell line PMID

30 Hsa-miR-
484

CDA Key regulator of deoxyuridine
conversion

Improves chemosensitization and
cell proliferation

The human breast carcinoma
cell lines

(12)

31 Hsa-miR-
484

ZEB1
SMAD2

Promotes cell growth, migration,
invasion, and EMT

Suppression of the malignant
behavior

Human cervical cancer tissue
specimens and cell lines

(45)

32 Hsa-miR-
484

VEGFB
VEGFR2

Involved in angiogenesis Improves chemotherapy sensitivity Human ovary carcinoma
tissues

(46)

33 Hsa-miR-
484

MAP2 c-Myc A-kinase anchoring proteins Augment the tumor-initiating
capability

Human glioma tissues and
cell lines

(47)
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TABLE 2 | The role of miR-484 in Non-Cancerous Diseases.

Disease Species and
tissue or cell

type

Alteration
of miR-484
expression

Method for
miR-484detec-

tion

Target
gene

Method for target
validation

Biological
function

Sample size in clinical
studies

Ref

1 MI/R Rat heart tissue down-
regulation

qRT-PCR SMAD7 qRT-PCR and the
luciferase reporter gene
assay

Anti-
inflammatory
Anti-
apoptotic
Protection of
mitochondria

N/A (26)

2 MI/R Mouse heart
tissue

down-
regulation

qRT–PCR Fis-1 qRT-PCR, WB and
Luciferase assays

Inhibit
mitochondria
fission

N/A (48)

3 MI/R Human BS
(Japan)

up-
regulation

qRT–PCR N/A N/A High exercise
capacity after
MI/R

AMI patients(n=20) and
healthy control subjects (n=5)

(49)

4 AS Human
postbifurcation
carotid plaques
(Pennsylvania)

up-
regulation

Affymetrix
GeneChip
microRNA Array
and qRT–PCR

DACH1 N/A Associated
with plaque
fragility after
carotid
bifurcation

symptomatic (n=9) and
asymptomatic patients (n=9)
with carotid stenosis

(73)

5 AS Human BS
(American)

up-
regulation

qRT–PCR N/A N/A Induction of
endothelial
dysfunction

patients with CAD (n = 56)
and HCs (n = 10)

(31)

6 AS Human plasma
and EPCs of
patients with
CAD

up-
regulation

smRNA-seq
qRT–PCR

N/A N/A Cannot
inhibit VEGF
expression
and EPC
activity

N/A (56)

7 SIC Rat
cardiomyocytes
(H9c2)

up-
regulation

qRT–PCR YAP1 qRT-PCR, WB and the
luciferase reporter gene
assay

Promoted
cell viability
Decreased
apoptosis
and
inflammation

N/A (34)

8 DIC Rat
cardiomyocytes
(H9c2)

down-
regulation

qRT–PCR LINC00339 the luciferase reporter
gene assay

Promot
proliferation
Inhibit
apoptosis

N/A (74)

9 16p13.11
microduplication
syndrome

Mouse cortical
progenitor
Mouse cortical
neuron

up-
regulation

qRT–PCR PCDH19 the luciferase reporter
gene assay

promotes
neurogenesis

N/A (20)

10 Cerebral injury-
related diseases

Mouse brain
tissue

down-
regulation

qRT–PCR BCL2L13 the luciferase reporter
gene assay

Inhibit
apoptosis

N/A (25)

11 Psoriasis Human
epidermal
keratinocyte
(China)

down-
regulation

LncRNA and
mRNA
microarray and
construction of
the competing
endogenous
RNA (ceRNA)
network

MLH3,
lncSNX10-
2:8,
lnc-MNX1-
5:1,
lnc-1QCD-
1:1

N/A N/A 15 age-matched and gender-
matched (n=15) healthy skin
control
15 patients with progressive
psoriasis vulgaris (n=15)

(53)

up-
regulation

DCTN3
Lnc-
AGXT2L1-
2:2

12 Hepatitis B virus Human
dendritic cells
(India)

up-
regulation

qRT–PCR
Unsupervised
hierarchical
clustering and
principal
component
analyses

N/A N/A N/A HBV infection and liver
disease namely, immune
active (IA; n = 20); low
replicative (LR; n = 20);
HBeAg negative (n = 20);
acute viral hepatitis (AVH, n =
20) and healthy controls (n =
20).

(75)

(Continued)
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increases the fragility of vascular plaques, but its specific
mechanism for regulating endothelial cell damage is still unclear.

Sepsis Induced Cardiomyopathy
Sepsis Induced Cardiomyopathy (SIC) is clinically defined as
sepsis in combination with cardiac dysfunction including
myocardial depression and acute heart failure. Current studies
have shown that the pathogenesis of SIC involves a multifactorial
role, mainly including the release of large amounts of
inflammatory factors, imbalance of calcium homeostasis,
mitochondrial dysfunction (87), apoptosis and cell death, and a
complex association between these factors (88). In addition,
miRNAs have been shown to play a potential role in the
pathophysiology and clinical diagnosis and even prognosis of
SCI. For example, miR-539-5p targets IRAK3 to inhibit
inflammatory release to alleviate LPS-induced sepsis (89). miR-
223 knockout mice significantly exacerbated SIC-induced cardiac
dysfunction (90). Interestingly, LPS treatment of H9C2 cells
promoted miR-484 to negatively regulate YAP1 expression.
Interestingly, LPS treatment of H9C2 cells promoted miR-484 to
negatively regulate YAP1 expression (34) (Table 2). miR-484
inhibitor significantly improved LPS-induced cell viability and
apoptosis, whereas YAP1 knockdown reversed the effect of miR-
484 inhibitor (34). YAP1, a key downstream regulatory target in
the Hippo pathway, is closely associated with immune disorders
and inflammatory diseases (91). Endothelial YAP1 deficiency
increases cardiovascular dysfunction in a microbial sepsis
model (92).

Drug-Induced Cardiomyopathy
Cardiotoxicity caused by antineoplastic drugs is statistically the
second leading cause of death in long-term oncology survivors (93).
Frontiers in Oncology | www.frontiersin.org 8
Anthracyclines have been reported to be the most common drugs
causing cardiotoxicity (94). It has been proposed that doxorubicin,
one of the anthracycline antitumor drugs, significantly upregulates
LINC00339 after treatment of cardiomyocytes (74) (Table 2).
Further studies revealed that LINC00339 directly inhibits miR-
484 expression promoting cardiotoxic injury (74). The present
results provide new biomarkers and therapeutic targets for dox-
induced cardiotoxicity.

Neurological Diseases
16p13.11 Microduplication Syndrome
16p13.11 microduplication syndrome is an autosomal dominant
disorder caused primarily by a mesenchymal duplication of
16p13.11 with a duplication region containing two genes
associated with the neurobehavioral phenotype nucleus
distribution gene homolog 1 (NDE1) and asparaginase1
(NTAN1), respectively (Table 2). The disorder manifests itself
primarily as a syndrome associated with behavioral abnormalities,
developmental delays, congenital heart defects and skeletal
abnormalities, and other clinical features of the syndrome.
Surprisingly, human and mouse miR-484 are located exactly in
the mutated gene sequence, which in part suggests a link between
miR-484 in neurodevelopment. In addition, it has been
documented that NDE1 is a potential downstream target of miR-
484 (95). Fujitani (20) and Khattabi (19) proposed that the
16p13.11 microduplication is strongly associated with miR-484.
The mechanism of genetic variation therein confirms that
imbalance in the expression of mature mmu-miR-484 and
protocadherin-19 (PCDH19) affects neurogenesis (19) (Table 2).
PCDH19 mutant mice exhibit significant synaptic dysfunction and
cognitive impairment. In summary, we believe that miR-484 has
important potential research value in neurological development.
TABLE 2 | Continued

Disease Species and
tissue or cell

type

Alteration
of miR-484
expression

Method for
miR-484detec-

tion

Target
gene

Method for target
validation

Biological
function

Sample size in clinical
studies

Ref

13 Hepatitis C virus Human BS
(Egyptian)

up-
regulation

qRT–PCR N/A N/A N/A Egyptian patients with HCV
liver fibrosis(n=47), HCV-
cirrhosis(n=40), HCV- HCC
(n=41)
Healthy controls(n=40)

(76)

14 Dengue Vero cells down-
regulation

qRT–PCR DENV RNA qRT–PCR
The RNAhybrid program
MicroInspector

virus
replication

Vero cells (CCL-81)
Mosquito C6/36 HT cells

(77)

15 Tuberculosis Human serum-
derived
exosomes (Iran)

up-
regulation

qRT–PCR N/A N/A N/A Patients with TB(n=25)
Healthy controls with a
negative history of TB (n=25)

(78)

16 Leprosy Human leprosy
skin lesions
(Brazil)

up-
regulation

qRT–PCR FASN The genes selected from
the miRNA/mRNA analysis
were submitted to
pathway enrichment
analysis by using the
ReactomeFIViz plugin from
the Cytoscape software

N/A Leprosy lesions (TT = 10,
BT = 10, BB = 10, BL = 10,
LL = 4, R1 = 14, and R2 = 10)
Healthy control (n = 9)

(79)
March
 2022 | Volume 12 | Article 830
BS, Blood sample; CAD, coronary artery disease; EPC, endothelial progenitor cell; IA, immune active; LR, low replicative; AVH, acute viral hepatitis; TT, tuberculoid; BT, borderline
tuberculoid; BB, borderline borderline; BL, borderline lepromatous; LL, lepromatous; R1, type 1 reaction; R2, type 2 reaction.
NA, Not answered.
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Alzheimer’s Disease
Alzheimer’s disease (AD) is a heterogeneous central
neurodegenerative disorder, and its pathogenesis is mainly related
to the abnormal deposition of amyloid Ab and Tau protein
hyperphosphorylation causing impaired neuronal function and
synaptic transmission. Aberrant miRNA expression in the CNS
affects regulatory target genes causing CNS dysfunction. Cai et al.
first constructed miRNA-seq on Alzheimer’s disease model mice
(APPswe/PS1DE9 transgenic mice) and found aberrant mmu-miR-
484 expression (68). Analysis of the abnormal upregulation of miR-
484 in bipolar disorder exosomes using the Kyoto Gene and
Genome Encyclopedia (KEGG) pathway with DIANA-miRPath
v3.0 revealed that it was mainly associated with the PI3K/Akt
signaling pathway (96) (Table 2). Interestingly, the PI3K-Akt
signaling pathway may be an important target for AD therapy
(97). In addition, it has been proposed that low levels of miR-484 are
associated with rapid cognitive decline (67). Further studies
confirmed that the downstream predicted target functions of
miR-484 are mostly associated with motor and cognitive behavior
(65) and neurotransmitter synaptic transmission (68, 98). Up to
now there is a paucity of literature related to miR-484 and the
pathogenesis of AD, but it is undeniable that miR-484 is closely
related to the occurrence of AD-related cognitive functions.

Cerebral Injury-Related Diseases
The current effective methods for ischemic cerebral infarction
include intravenous thrombolysis and mechanical embolization.
Nevertheless, reperfusion injury is the main cause of poor
healing and high morbidity and mortality in ischemic stroke.
Although the mechanism of injury and its complexity but the
role of neuronal apoptosis-induced cerebral ischemia/
reperfusion injury cannot be ignored (99).

A recent study initially demonstrated that cerebral ischemia/
reperfusion injury in mice induced a significant downregulation
of mmu-miR-484 expression (25). Further studies revealed that
miR-484 acts as a neuroprotective factor and inhibits BCL2L13
overexpression to attenuate neuronal apoptosis (25) (Table 2).
Similarly, miR-484 was reported to exert a protective effect by
inhibiting Wnt8a mRNA translation to attenuate apoptosis
during retinal ischemia re-injury (24). In addition, miR-484
levels in blood are valuable for the diagnosis of the degree of
traumatic brain injury (100).

Skin Diseases
miRNAs play an integral role in skin and appendage genesis, and
skin morphogenesis is regulated by the discontinuous differential
expression of miRNAs. Its role in coordinating the proliferation
and differentiation of the epidermis is attracting increasing
attention from domestic and international dermatologists.
Three miRNAs (miR- 203, miR-146a and miR-125b) currently
associated with psoriasis are involved in the natural immune
response and the TNF-a pathway (101). Wang et al. used
microarrays to compare LNCRNA and mRNA expression in
keratin-forming cells from patients with psoriasis and healthy
patients, showing that the miRNA maximally linked to
LNCRNA and mRNA was miR-484, adding some theoretical
Frontiers in Oncology | www.frontiersin.org 9
basis for miR-484 in the mechanism of psoriasis (53) (Table 2).
Notably, the ability of miR-484 to negatively regulate the TNF
signaling pathway in cervical carcinogenesis development was
previously reported (32).

Infection-Related Diseases
Viral Infections
Hepatitis B virus (HBV) infection is one of the global health
problems. The interaction of host genes as well as the respective
miRNAs encoded by viral genes affects the replication and
transcription of HBV. Differentially expressed miRNAs may be
associated with persistent HBV infection. Singh et al. revealed
(75) that miR-484 is significantly upregulated in dendritic cells of
patients with acute viral hepatitis B compared to healthy
individuals and is accompanied by alterations in this antigen
processing and delivery related target genes. Besides, hepatitis C
virus infection (HCV)-mediated liver fibrosis and cirrhosis are
also receiving increasing attention from clinicians. El-Maraghy
et al. (76) examined miR-484 expression levels in plasma from
patients with HCV infection-induced liver fibrosis, cirrhosis,
hepatocellular carcinoma (HCC) and healthy volunteers, and
confirmed that miR-484 showed significantly low expression in
the advanced fibrosis stage, however, it was significantly
upregulated in the mild fibrosis stage and in liver cirrhotic and
HCC (Table 2). From another perspective, miR-484 could be
used for staging prognosis and early diagnosis of HCV-induced
progression of liver lesions. Similarly, circulating miR-484 in
plasma may serve as a useful biomarker for predicting Ebola
virus vaccine VSV-EBOV-induced induction of immunogenicity
(102). On the other hand, miR-484 and miR-744 were able to
bind to a conserved region in the 3’ -untranslated region (3’-
UTR) of dengue virus RNA (DENV-RNA) to exert antiviral
effects by inhibiting viral gene replication (77).

Mycobacterium Bifidum Infection
Tuberculosis (TB) is a chronic infectious disease caused by
infection with Mycobacterium tuberculosis. Globally, TB is the
leading cause of death from a single source of infection
(surpassing AIDS). Patients with active tuberculosis (ATB) are
a major source of TB infection, making rapid and accurate
diagnosis of ATB particularly important to control disease
transmission and improve treatment outcomes. Several studies
have shown that miRNAs are associated with MTB activity in the
host. Alipoor et al. demonstrated that miR-484, miR-425, and
miR-96 expression was elevated in serum exosomes of patients
with TB compared to healthy subjects, and miR-484 was
particularly elevated (103). Similarly, miR-484 expression was
found to be upregulated by infection with Bacillus Calmette-
Guérin (BCG) human macrophages (78) (Table 2). Interestingly,
the expression level of miR-484 showed a significant positive
correlation with the degree of smear positivity. To further test the
correlation between specific miRNAs and the active phase of
tuberculosis, the alteration of miR-484 and miR-425
combination had considerable predictive value for tuberculosis
by ROC curve analysis (103) In addition, as a representative of
nontuberculous mycobacteria, leprosy caused by Mycobacterium
March 2022 | Volume 12 | Article 830420
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leprae infection shows clinically different histopathological
changes caused by differences in the organism’s response to
immunity. Leprosy is classified according to the intensity of
cellular immunity into type I reactions (R1) which are
Mycobacterium leprae mediated immune reactions or delayed
metaplasia, and type II reactions (R2) which occur in antigen,
antibody complex metaplasia, i.e. vascular inflammatory
reactions. Cleverson T Soares et al. found that hsa-miR-484
was significantly more expressed in skin lesion tissues of R2
patients than healthy individuals and predicted a potential
downstream target molecule as FASN (79).
THE ROLE OF MIR-484 IN CANCER

Digestive System Tumors
Gastric Cancer
Gastric cancer (GC) is one of the most common cancers causing
cancer mortality, especially in Asian populations, and poses a
serious threat to human life. Recent clinical data confirmed that
miR-484 was significantly downregulated in GC tissues
compared to paraneoplastic tissues, and similarly, GC cell lines
showed a typical decrease in miR-484 expression (35, 104).
Surprisingly, GC tissue miR- 484 low levels were closely
associated with hypodifferentiated or undifferentiated cells,
distant metastasis in lymph nodes, and reduced 5-year overall
survival (104). Overexpression of miR-484 significantly reduced
subcutaneous tumorigenicity in mouse GC cells (35).
Mechanistically, exogenous increase in miR-484 level
expression in GC cell lines promoted cell cycle G1 phase arrest
and apoptosis through. In addition, it has been proposed that
miR-484 directly targets and negatively regulates CCL-18
expression in GC tissues and overexpression of CCL-18
restores the proliferative effect of miR-484 on GC cells (35)
(Table 3). Knockdown of miR-484 and overexpression of CCL-
18 both promoted the phosphorylation of PI3K and AKT in
MGC-803 cell, suggesting that miR-484 exerts anti-cancer effects
by targeting the CCL-18-PI3K/AKT pathway (35). In conclusion,
miR-484 as a tumor suppressor can be used as an independent
prognostic indicator for gastric cancer patients.

Colorectal Cancer
Colorectal cancer (CRC) is the second leading cause of cancer
mortality in Western countries. Chai et al. (122) found
significant downregulation of miR-484 expression in 20 human
CRC tissue samples. In recent years, there is increasing evidence
that lncRNAs are involved in the development of CRC by
regulating miR-484 expression in a “sponge” manner. For
instance, upregulation of lncRNA PGM5-AS1 significantly
inhibited miR-484 to promote CRC metastasis (28) (Table 3).
Similarly, LncRNA ZFAS1, a known oncogenic molecule of CRC,
is involved in tumorigenesis by targeting miR-484, however miR-
484 overexpression reversed the tumor enhancing effect of
ZFAS1 on CRC cells (36) (Table 3). LINC00239 competitively
inhibits miR-484 expression and enhances KLF12 expression to
promote oncogenicity in colorectal cancer (77). Another study
Frontiers in Oncology | www.frontiersin.org 10
demonstrated by network modeling that the KCNQ1OT1/miR-
484/ANKRD36 axis is involved in colon carcinogenesis (123).
Interestingly, the drop of miR-484 in microsatellite instable
colorectal cancer (MSI-CRC) was associated with CpG island
methylation (Table 3). After demonstrating through in vivo and
in vitro experiments that miR-484 inhibits the expression of
CD137L and IL-8, which in turn inhibits the activity of MSI CRC
cells (33). The above studies demonstrated that lncRNA-miR-
484 is closely related to the development of CRC and is expected
to be an anti-cancer target. Surprisingly, miR-484 was not only
aberrantly expressed in colon cancer tissues, but also plasma
expression levels correlated with colon cancer progression. A
study revealed (105) that serum miR-484 expression levels were
significantly lower in patients with early-stage CRC (stages I-II)
than in healthy controls, whereas serum miR-484 was
abnormally elevated in patients with advanced CRC (stages III-
IV), suggesting that serum miR-484 could help in early diagnosis
and monitoring of CRC progression.

Hepatocellular Carcinoma
Hepatocellular Carcinoma (HCC) are the most common
substantial tumors worldwide and the second most common
cause of cancer-related death. A growing body of literature
reports a close relat ionship between miR-484 and
hepatocarcinogenesis development. Wang (39) and Yang (40)
et al. found that 62% and 88% of clinical HCC tissue specimens
showed significant upregulation of miR-484, respectively.
Surprisingly, this phenomenon was frequently accompanied by
elevated serum ALT levels (P = 0.024), increased tumor volume
(P = 0.010), and elevated T stage (P = 0.001), and importantly,
Kaplan-Meier survival analysis showed that patients in the miR-
484 high expression group had a significantly shorter survival
time than the low expression group (38). Thus, it is evident that
miR -484 high expression significantly promoted the progression
of HCC. Mechanistically, miR-484 directly targets the tumor
suppressor TUSC5 to promote HCC cell proliferation and
metastasis (39). In addition, overexpression of miR-484 was
able to reverse the tumor suppressive effect of circADAMTS13
during HCC progression (38)(Table 3).

On the other hand, miR-484 also plays a highly critical
driving role in hepatic precancerous lesions. Liver nodules may
encounter low grade dysplastic nodules (LGDN), described as
non-malignant, and high-grade dysplastic nodules (HGDN),
considered as precancerous lesions, preceding progression to
HCC. Yang et al. (124)showed that precancerous lesions were
accompanied by abnormally high miR-484 expression in a
mouse model of HCC constructed using diethylnitrosamine-
injected oncogenes. Interestingly, NAFLD and NASH, as a pre-
stage of high lipid-induced HCC development, exhibit high
expression of miR-484 in serum and liver tissues, which is
consistent with our previous study (125). Yang et al.
demonstrated that miR-484 tumor-promoting effects are
associated with direct negative regulation of Sterile Alpha
Motif Domain Containing 9 (SAMD9), an endosome fusion
facilitator, and TBL1X (Transducin b-Like 1X-Linked), a
proteasome degrader. Nevertheless, only SAMD9 was the true
functional target gene of miR-484 for promoting malignant
March 2022 | Volume 12 | Article 830420
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TABLE 3 | The role of miR-484 in Cancerous Diseases.

Disease Species and tissue or cell
type

Alteration of
miR-484

expression

Method for
miR-

484detection

Target
gene

Method for
target

validation

Biological
function

Sample size in clinical studies Ref

1 GC Human gastric tissue
(China); Gastric cell lines
(HGC-27, SNU-1, AGS,
NCI-N87, GES-1)

down-regulation qRT-PCR N/A N/A Inhibit cell
proliferation,
migration, and
invasion

The paired GC tissue and
matched adjacent normal tissue
specimens(n=124)

(104)

2 GC Human gastric tissue
(China); Gastric cell lines
(MGC-803, BGC-823, SGC-
7901, MKN-45, MKN-7,
GES-1)

down-regulation qRT–PCR CCL-18 qRT-PCR,
WB and
Luciferase
assays

Inhibit cell
proliferation

The GC tissues and
paracancerous tissues

(35)

3 GC Human gastric tissue (Iran); down-regulation polyA-qPCR N/A N/A N/A The GC(n=40), NG (n=31) and
GD(n=45) samples

(100)

4 CRC Human CRC cell lines
(HCT116, SW480, SW620,
HT-29 and LOVO)

down-regulation qRT–PCR N/A N/A Suppress cell
proliferation and
invasion

N/A (28)

5 CRC Humam CRC tissues (China)
Human CRC cell lines
(HCT116, SW480, SW620,
HT-29 and LOVO)

down-regulation qRT–PCR N/A N/A Suppress cell
proliferation and
invasion

The CRC tissues and adjacent
non-tumor tissues (n = 49)

(36)

6 CRC Humam CRC tissues (China)
Human colon epithelium cell
line (FHC)
Human CRC cell lines
(HCT116, SW480, SW620,
DLD-1, HT-29)

down-regulation qRT–PCR KLF12 qRT-PCR,
WB and
Luciferase
assays

Suppress cell
proliferation and
invasion

CRC tissues and matched
adjacent normal tissues(n=63)

(37)

7 MSI-
CRC

Humam CRC tissues (China)
MSS cell lines (HT29,
Caco2, SW620, and
SW480) and MSI cell lines
(HCT116, LoVo, and
LS174T)

down-regulation miRCURY
LNA
microRNA
array (version
8.1)
qRT–PCR

CD137L qRT-PCR,
WB and
Luciferase
assays

Tumour
suppressor; Arrests
the production of
IL-8

Divided the CRC specimens into
a testing set of 54 samples and a
validation set of 67 samples

(33)

8 CRC Human BP(China) In stage I-II
CRC: down-
regulation
In stage III-IV:
up-regulation

qRT–PCR N/A N/A Contribute to early
diagnosis and
surveillance of the
progress of CRC.

The blood samples of CRC
patients of I-IV stage (n=53) and
controlled healthy people(n=50)

(105)

9 HCC Human HCC tissues (China)
Human HCC cell line PLC/
PRF/5, SK-Hep-1, Hep3B,
HepG2

up-regulation Luciferase
reporter

N/A N/A Promotes
tumorigenesis

HCC primary tumor samples (n =
112) and matched peritumor
tissue samples (n = 36), adjacent
normal tissue of hepatic
hemangioma patients (n = 10)

(38)

10 HCC Human HCC tissues (China)
The human HCC cell lines
Hep3B and HCCLM3

up-regulation qRT–PCR TUSC5 IHC and
WB

Promotes
tumorigenesis

Paired HCC and adjacent normal
tissue(n=50)

(39)

11 HCC
(HGDN)

Human HGDN specimen
(China)
Mouse liver tissue
Cell lines: THLE-3, NIH/3T3,
HL7702, QSG7701,
human-induced hepatocytes
(hiHeps), mouse-induced
hepatocytes (miHeps).

up-regulation H&E staining
and in situ
hybridisation

SAMD9
TBL1X

TargetScan
analysis
pull-down
assay
Luciferase
reporter
Immunoblot
analysis
Western
blot assays

Induce
hepatocellular
malignant
transformation

All HGDN samples obtained
during liver transplantations or
liver resections.

(40)

12 PC Pancreatic ductal
adenocarcinoma cell lines:
PANC-1, SW1990, CFPAC-
1, bxpc-3

down-regulation DIANA tools
and
TargetScan

YAP WB
Luciferase
reporter
qRT-PCR

Suppress cell
proliferation
Predicts a good
outcome in
patients with PDAC

N/A (30)

(Continued)
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TABLE 3 | Continued

Disease Species and tissue or cell
type

Alteration of
miR-484

expression

Method for
miR-

484detection

Target
gene

Method for
target

validation

Biological
function

Sample size in clinical studies Ref

13 PC N/A down-regulation TCGA
database
GEO
database

N/A N/A N/A N/A (106)

14 PC Human BPs (American) up-regulation qRT–PCR
(normalized
using miR-16)
TaqMan Array

N/A N/A N/A Serum samples from PC patients
(n=19; stage I: 3; stage II: 16)
chronic pancreatitis (n = 10),
healthy controls (n = 10), and
patients with PNETs (n = 10)

(107)

15 PCa Human prostate cell lines:
RWPE-1, RWPE-2,22Rv1,
LNCaP, DU145 and PC-3

up-regulation qRT–PCR PSMG1 qRT–PCR
Luciferase
reporter

Promotes
recurrence and
migration

N/A (41)

16 PCa Human BP(China) Dwon-
regulation

qRT–PCR N/A N/A Assess drug
therapy

Healthy Males(n=34)
PCa Patients (n=72)

(108)

17 PCa Human urine (Egypt) Down-
regulation

qRT–PCR N/A N/A Predict the
occurrence,
progression, and
prognosis

Healthy Males(n=10)
Pca Patients (n=8)
Benign Prostatic Hyperplasia
Patients(n=12)

(109)

18 RCC
(ccRCC)

Human kidney tissue (China)
Human ccRCC cell lines
(786-O, A498, ACHN and
aki-1)

Down-
regulation

qRT–PCR ZEB1 TargetScan
database
The dual-
luciferase
reporter
experiment
qRT-PCR
WB

Tumor-Suppressive The ccRCC samples and
matching normal kidney tissue
samples(n=40)

(27)

19 RCC
(mRCC)

Human kidney tissue (Czech
Republic)

Responders to
sunitinib: Down-
regulation
Nonresponders
to sunitinib:
Up-regulation

High-
throughput
miRNA
analysis
qRT–PCR

N/A N/A Connected with
sunitinib resistance
and failure of the
mRCC

The mRCC patients treated with
sunitinib after 9 months and
divided into two groups: (a)
responders to the treatment
(n=44) (b) nonresponders with
rapid progression(n=19).

(110)

20 RCC
(mRCC)

Human kidney tissue (Spain) Responders to
sunitinib: Down-
regulation
Nonresponders
to sunitinib:
Up-regulation

qRT–PCR N/A N/A Connected with
sunitinib resistance
and failure of the
mRCC

The mRCC patients treated with
sunitinib. Responders to the
treatment(n=14) Nonresponders
with rapid progression(n=6).

(111)

21 LC
(NSCLC)

Human BPs (China)
NSCLC cell lines: A549,
NCI-H460, 95D, H358,
16HBE.

Up-regulation qRT–PCR N/A N/A Promotes
tumorigenesis

serum samples from patients with
NSCLC(n=150) and healthy
volunteers(n=50)

(112)

22 LC
(NSCLC)

Human lung tissue (China)
Human NSCLC cell lines,
A549, H1650, PC9 and
BEAS–2 B

Up-regulation High-
throughput
miRNA
analysis
qRT–PCR

Apaf-1 IF
qRT–PCR
WB

Promotes
tumorigenesis

NSCLC tissues and their matched
adjacent non-tumor tissues(n=20)

(42)

23 LC
(LUDA)

Exosome from Human BP
(China)

Up-regulation qRT–PCR N/A N/A Promotes
tumorigenesis

Human BP exosome from LUAD
patients((n=6)) and healthy
controls(n=6)

(113)

24 MPM Human pleural tissue
(Turkey)

Up-regulation qRT–PCR N/A N/A Potential
biomarkers

Pleural specimens from MPM
patients(n=18) and BAPE patients
(n=6)

(114)

25 NPC Human nasopharyngeal cell
line, HONE1

NPC
radioresistant
patients:
Up-regulation

GSE4850
qRT–PCR

OLA1 qRT–PCR
mirDIP
database

Potential
biomarkers

N/A (43)

26 NPC
(NMC)

Human tumors tissue from
nasal cavity and maxillary
sinus.

Up-regulation qRT–PCR N/A N/A Potential
biomarkers

The tumors of the nasal cavity
(n=2) and the maxillary sinus(n=1).

(115)
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transformation of hepatocytes. Further in-depth studies revealed
(40) that miR-484 upregulation in the precancerous state is
dependent on TGF-b/Gli and type I IFN pathway activation,
which subsequently generates an inflammatory environment
conducive to liver tumor development and induces malignant
cell transformation and even tumor progression (Table 3).
Frontiers in Oncology | www.frontiersin.org 13
More importantly, specific acetylation of H3K27 is critical in
IFN-induced miR-484 transcriptional activation and cellular
transformation (40). Convincingly, the tumorigenic effect of
mmu-miR-484 was substantially attenuated in TGF-b and
IFN-b knockout mice (40), suggesting that miR-484 may induce
tumorigenesis through pro-inflammation. Hence, miR-484
TABLE 3 | Continued

Disease Species and tissue or cell
type

Alteration of
miR-484

expression

Method for
miR-

484detection

Target
gene

Method for
target

validation

Biological
function

Sample size in clinical studies Ref

27 BCa
(ER
positive)

Human breast carcinoma
cell lines (MCF-7 and T-47D)

Down-
regulation

qRT–PCR KLF4 TCGA
qRT–PCR
WB
The dual-
luciferase
reporter
experiment

Reduce
tamoxifen
resistance

N/A (44)

28 BCa Human breast cancer
tissues (China)
Human breast cancer cell
lines (MCF7, MDA-MB-231
(MDA-231), MDA-MB-436
(MDA-436), MDA-MB-468
(MDA-468), ZR-75-30, and
Hs-578T)

Up-regulation qRT–PCR CDA qRT–PCR
WB
The dual-
luciferase
reporter
experiment

Improves
chemosensitization
and cell
proliferation

Primary breast cancer samples
(n=193) and noncancerous
mammary controls(n=36)

(116)

29 CC Human cervical cancer
tissue (China) and cell lines
(S12)

No treatment:
Down-
regulation
5-Aza-CdR
treatment:
Up-regulation

qRT–PCR
The luciferase
reporter
assay
Genomic
bisulfite
sequencing

MMP14
HNF1A

qRT–PCR
WB
The dual-
luciferase
reporter
experiment

Inhibited cell
adhesion and
tumor growth

The cervical cancer tissues (n=20
pairs)

(32)

30 CC Human cervical cancer
tissues (China) and cell lines:
HeLa, Caski, ME-180,
C33A, SiHa and SW756

Down-
regulation

qRT–PCR ZEB1
SMAD2

qRT–PCR
WB

Inhibits cell growth,
cell cycle but
exacerbates
apoptosis

Human cervical cancer tissues
and the adjacent noncancerous
tissues(n=15)

(45)

31 CC Human BPs (China) Up-regulation qRT–PCR N/A N/A Differential miRNAs Venous blood from cervical
cancer patients(n=13), CINIII
patient(n=1) and normal controls
(n=10)

(117)

32 OC Human BPs
(Denmark)

Up-regulation qRT–PCR N/A N/A Differential miRNAs The plasma samples from age-
matched patients with malignant
(n=95) and benign pelvic mass (n
=95)

(118)

33 OC Human BP exosomes
(China)

Down-
regulation

qRT-PCR N/A N/A Differential miRNAs The blood samples from OC
patients(n=113) and healthy
volunteers(n=60)

(119)

34 FTC Human thyroid tissues
(Germany)

Down-
regulation

miRNA
sequencing

N/A N/A Differential miRNAs FTC samples(n=19) and FA
samples(n=23)

(120)

35 Glioma Human glioma tissues
(China)
Human glioma cell lines:
U87 and U251

Up-regulation ISH
qRT-PCR

MAP2 qRT–PCR
WB
The dual-
luciferase
reporter
experiment

Augment the
tumor-initiating
capability

The glioma tissues(n=153) and
para-carcinoma tissues(n=30)

(47)

36 OS Human BPs (China) Down-
regulation

RT-qPCR N/A N/A Differential miRNAs The BP samples from healthy
volunteers, OS patients, and
periostitis patients.

(121)
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NG, normal gastric tissue; GD, gastric dysplasia; PDAC, pancreas ductal adenocarcinoma; PNET, pancreatic neuroendocrine tumors; ccRCC, clear cell renal cell carcinoma; mRCC,
metastatic renal cell carcinoma; NSCLC, non-small cell lung cancer; LUAD, lung adenocarcinomas; MPM, malignant pleural mesothelioma; NPC, nasopharyngeal carcinoma; NMC,
nuclear protein of the testis (NUT) midline carcinoma; CIN, cervical intraepithelial neoplasia; FTC, follicular thyroid carcinoma; FA, follicular thyroid adenoma; IF, immunofluorescence; ISH, in
situ hybridization; WB, western blotting.
NA, Not answered.
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inhibitors may be an option for hepatocellular carcinoma
treatment in the future. Ultimately, plasma miR-484 is
significantly upregulated in HCV-mediated HCC and cirrhosis
(76), so miR-484 has promising potential as a biomarker for
disease diagnosis in addition to its therapeutic potential.

Pancreatic Cancer
Given that pancreatic cancer (PC) is characterized by difficult
early diagnosis, low surgical resection rate, easy recurrence and
metastasis after surgery, and very poor prognosis, finding more
effective methods for early detection of pancreatic cancer is an
urgent need. In both clinical PC specimens and pancreatic ductal
adenocarcinoma cell lines, high levels of consistent lncRNA
THAP9-AS1 expression were observed, which competitively
inhibited the negative regulatory effect of miR-484 on YAP
and thus accelerated the proliferation of pancreatic ductal
adenocarcinoma cells (30). Moreover, miR-484 directly
induced downregulation of YAP1 expression involved in
apoptosis and inflammatory response in cardiomyocytes (34)
(Table 3). Similarly, Ma et al. (106) identified 19 differentially
expressed miRNAs (DE-miRNAs) with down-regulated
expression, including miR-484, by integrating data from the
Cancer Genome Atlas and Gene Expression Comprehensive
Database. Traditionally, the expression levels of miRNAs in
tissues and serum have been significantly correlated. However,
another study found that circulating miR-484 levels were
significantly higher in pancreatic cancer patients compared to
controls (107). miR-484 expression trends in tissues and serum
were contrasting. It is known that miRNA abundance is much
lower compared to tissues, but has an abnormal stability
unmatched by tissues. Since only 19 PC patient samples were
Frontiers in Oncology | www.frontiersin.org 14
selected in the latter experimental design, which may cause
sample bias, the sample size needs to be expanded to further
clarify the altered expression of serum miR-484. In conclusion,
miR-484, as a key tumor suppressor gene and miRNA related to
the pathogenesis of pancreatic cancer, is expected to improve the
early detection of pancreatic cancer in the future.

Urological Tumors
Prostate Cancer
Prostate cancer (PCa) has become one of the fastest growing
male malignancies in the last decade. Surprisingly, miR-484 plays
a role as a candidate oncogene in the development, progression
and recurrence of PCa. Lee et al. (41) first demonstrated that
miR-484 was significantly negatively associated with disease-free
survival and highly expressed in PCa tissues. Upregulation of
miR-484 expression in prostate tumors is associated with early
disease recurrence. Mechanistically, miR-484 directly targets
PSMG1 to enhance the invasiveness of cancer cells.

Further, a Meta-analysis of multiple miRNA datasets on
existing recurrent PCa found that miR-484 is one of the
commonly upregulated miRNAs (126). This is consistent with
the former result. In recent years, early sensitive serological
markers regarding PCa have been the focus of clinical studies.
It has been demonstrated that miR-1825 and miR-484 are highly
specific in PCa patients’ sera (108) (Table 3). Interestingly,
miRNA expression profiling by collecting urine from PCa
patients, benign prostatic hyperplasia (BPH) patients and
healthy men revealed that miR-484 had a high sensitivity
(80%) for detect ing PCa, while miR-1825/miR-484
combination(75%) was able to enhance the specificity of miR-
484 alone(19%) for detecting PCa in BPH individuals (109).
FIGURE 3 | Effects of miR-484 target genes in apoptosis, tumorigenesis, and tumor drug resistance. miR-484 inhibits the tumorigenic process by suppressing the
expression of ZEB1, SMAD2, HNF1A, MMP14, MAP2, PSMG1, SMAD9, MAGI1, and TBL1X. miR-484 targets SMAD7, YAP1, Fis1 BCL2L13, CD137L, Apaf-1,
CCL18 and Wnt8a to affect the level of apoptosis. In addition, miR-484 regulates chemoresistance of cancer cells by targeting CDA, KLF-4, VEGFB and VEGFR1.
Potential targets are screened and predicted through a database.
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Consequently, monitoring changes in serum and urine miR-484
expression levels can help in PCa risk assessment and
therapeutic intervention.

Renal Cell Carcinoma
The lncRNA PCED1B-AS1 located on human chromosome
12q13.11 targets and regulates miR-484 to play an oncogenic
role in colorectal tumorigenesis, as described previously (28).
Notably, PCED1B-AS1 and miR-484 are synergistically involved
in the development of clear renal cell carcinoma (ccRCC). ccRCC
tissues showing high expression of PCED1B-AS1 and low
expression of miR-484 are commonly associated with high
tumor stage, high Fuhrman grading, and shortened overall
patient survival (127). The dual luciferase assay validated the
direct targeting relationship (127) (Table 3). Overexpression of
miR-484 exacerbated the negative regulation of the downstream
target ZEB1 and thus reversed PCED1B-AS1-induced
proliferation and migration of ccRCC cells. Remarkably, besides
miR-484, PCED1B-AS1 may also target multiple miRNAs that
may be involved in the regulation of multiple signaling pathways.

Currently, the tyrosine kinase inhibitor sunitinib has become
the first-line agent for the treatment of metastatic renal cell
carcinoma. Based on the current clinical patient response to
Frontiers in Oncology | www.frontiersin.org 15
sunitinib-induced drug resistance and the rate of disease
progression are both heterogeneous. Several studies have
sought biomarker miRNAs that predict response to sunitinib
treatment by detecting miRNA changes in metastatic renal cell
carcinoma after sunitinib treatment. Patients in the sunitinib-
treated group with reduced levels of miR-155 and miR-484 were
able to prolong the time to progression (TTP) (110). Consistent
with the former results, another study found that high miR-484
expression was significantly associated with reduced TTP and
overall survival by comparing tumor tissues from patients with
extreme phenotypes of mRCC with significant efficacy and
resistance to sunitinib (111). Combining the above data
confirmed that miR-484 expression differences in mRCC
patients were closely related to significant sensitivity or
resistance to sunitinib.

Respiratory Tumors
Lung Cancer
Elevated serum miR-484 has been reported to be positively
correlated with histologic grade, lymph node metastasis,
distant metastasis and clinical stage in NSCLC patients, but
there was no statistically significant relationship between
patient gender, age or tumor volume (112). It was also noted
FIGURE 4 | Role of miR-484 and its target genes on cancer cell biology. Different cell types or tissues regulate miR-484 mainly by LncRNA competitive repression
and epigenetic mechanisms. miR-484 exerts oncogenic or pro-carcinogenic effects in different cancers by targeting genes related to cell proliferation and apoptosis.
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that miR-484 upregulation significantly decreased the overall
survival rate of NSCLC patients (112). Further mechanistic
studies confirmed that miR-484 knockdown induced cell cycle
arrest and thus inhibited cell growth (112). These results suggest
that serum miR-484 may serve as a potential noninvasive
biomarker for NSCLC. Likewise, another study found that
miR-484 expression was significantly higher in NSCLC tissues
than in matched adjacent non-cancerous tissues (42).
Convincingly, in vivo experiments in mice demonstrated that
miR-484 overexpression significantly increased tumor volume
(113). miR-484 was mechanistically found to enhance migration
and proliferation of NSCLC through inhibition of Apaf-1 and
caspase-3 expression (113) (Table 3).

Exosomes serve as an important pathway for material and
signaling communication between cells. In recent years, miRNAs
contained within exosomes have had a major boost in the
diagnosis and treatment of tumor diseases. Xue et al. (113) first
analyzed and compared plasma exosomal miRNA expression
differences in patients with lung adenocarcinoma (LUAD) and
performed Kaplan-Meier survival analysis based on online
clinical data and found that patients with high miR-484
expression generally had lower survival rates. It was concluded
that exosomal miR-484 is a potential prognostic marker for
LUAD. Overall, miR-484 plays an oncosuppressor role in
lung malignancies.

Breast Cancer
Breast cancer (BCa) is the most common malignant tumor in
women and its incidence has been on a continuous increase in
the last decade. Given that the breast is an estrogen-dependent
organ, patients with estrogen receptor (ER)-positive BCa may
benefit from endocrine therapy that targets the ER pathway.
Nevertheless, the development of resistance to endocrine therapy
remains a major clinical concern. The engagement of miR-484 in
studies related to sunitinib resistance in metastatic renal cancer
has been previously reported in the literature (110, 111, 128).
Wei et al. (44) showed that tamoxifen-resistant BCa cells showed
a malignant phenotype with high KLF4 expression, increased
stemness and invasiveness. It is notable that miR-484 directly
negatively regulates KLF4 expression to induce re-sensitization
of BCa cells to tamoxifen (116). Furthermore, chemotherapy is
crucial for patients with advanced BCa, whether ER-positive, ER-
negative, or human epidermal growth factor receptor 2 (HER2)-
positive. Currently, gemcitabine is unanimously recommended
by national and international guidelines for the treatment of
advanced BCa. Studies have confirmed that cytidine nucleoside
deaminase (CDA) is significantly upregulated in a gemcitabine-
resistant BCa model and plays a key role in regulating cell cycle
redistribution and replication (116) (Table 3). Notably, miR-484
was upregulated in primary BCa tissues compared to CDA.
Further studies confirmed that overexpression of miR-484 in
BCa cells markedly inhibited CDA-mediated gemcitabine
resistance, cell proliferation regulation and cell cycle
redistribution, thereby enhancing gemcitabine sensitivity. In
conclusion, miR-484 has some potential in resisting
chemotherapeutic drug resistance. Beyond this, miR-484
is worthy of attention in terms of breast cancer disease
Frontiers in Oncology | www.frontiersin.org 16
and prognosis. Shi et al. (129) concluded from a comparative
analysis of miRNA profiles in 253 patients with invasive BCa that
higher hsa-miR-484 expression was associated with worse
prognosis (Table 3). Similarly, Volinia et al. (130) by
integrating miRNA sequencing data from 466 patients with
primary invasive ductal carcinoma (IDC) and performing
survival analysis similarly found a strong association between
miR-484 and prognosis of IDC patients (Table 3).

Indeed, differential expression of miR-484 was also present in
the sera of Bca patients. Elevated miR-484 levels were found in
breast cancer sera compared to healthy volunteers (131, 132).
However, serum miR-484 levels did not correlate with
pathological grade and tumor size (131). Such results are based
on 39 early-stage breast cancer patients with serum indicators
and may lead to unexpected and surprising findings if the sample
is further expanded or if more subjects with different stages of
Bca are included. In conclusion, miR-484 may be demonstrated
and applied to the clinical diagnosis, treatment and prognosis of
breast cancer.

Cervical Cancer
Recently miRNAs may help to improve the early detection of
malignancies in women. A latest study (117) revealed that
circulating miR-484 has potential in identifying cervical cancer
(CC) and cervical intraepithelial neoplastic cycle (CIN) and is
expected to be a non-invasive biomarker for CC. Previously,
Andrea Ritter et al. (133) suggested that miR-484/-23a in serum
could be a potential diagnostic marker for CC. Tumor or lesion
cells can secrete aberrant miRNAs into the blood. Thus,
dysregulated miRNAs identified from patient plasma may
influence tumor or lesion cytogenesis. In combination with the
published data to date, it is confirmed that miR-484 plays an
anticancer role in CC histogenesis and cell development.

A research uncovered that reduced miR-484 expression levels in
clinical cervical cancer specimens and cell lines could restore ZEB1
and SMAD2, key transcription factors of epithelial-mesenchymal
transition (EMT), inducing CC malignant behavior (45) (Table 3).
Additionally, Hu et al. (32) revealed for the first time the presence of
a CpG island in the miR-484 promoter region (-218 to +5). Both
bisulfite genome sequencing and luciferase reporter gene analysis
confirmed that miR-484 promoter activity and expression levels
were lower in CC than in normal cervical epithelial cells, which was
attributed to the direct induction of miR-484 promoter CpG
hypermethylation by EZH2-mediated DNA methyltransferase 1
(DNMT1) (Table 3). Further studies indicated that miR-484
exerts anti-cancer effects by inhibiting the MMP14-TNF axis and
HNF1A-Wnt axis involved in CC cell adhesion, migration, invasion
and EMT expression (32) (Table 3). This is consistent with the
former results. miR-484 acts as a key regulator of CC metastasis
inhibition, extending our understanding of the molecular
mechanisms underlying CC progression and metastasis.

Ovarian Cancer
Ovarian cancer (OC) is currently regarded as a “silent killer” of
women’s life and health, due to its late diagnosis and high
recurrence rate. Although the combination of platinum and
paclitaxel analogs is the first-line regimen for treating patients
March 2022 | Volume 12 | Article 830420
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with ovarian cancer, chemoresistance is a key factor constraining
the improvement of ovarian cancer cure rates. miR-484 was found
to be closely associated in OC biology and chemoresistance by
Andrea Vecchione et al. (46) through the analysis of 198 ovarian
plasmacytoma tissue specimens. VEGFB- VEGFR1 axis is
recognized as an important signaling pathway involved in OC
neoangiogenesis. Interestingly, miR-484 in OC cells directly
regulates VEGFB protein on tumor cells or inhibits the receptor
VEGFR2 targeting VEGF signaling pathway on tumor-associated
endothelial cells in a paracrine manner to control angiogenesis,
leading to normalization of tumor microenvironment and
enhanced drug sensitivity (46) (Table 3).

The late diagnosis of OC is partly due to the absence of reliable
non-invasive tests to help early identification of the pathological
nature of the tumor. Free cell or plasma miRNAs have been shown
to be effective in both normal and cancerous tissue classification and
cancer prognosis. Plasma miR-484 has potential in differentiating
benign from malignant ovarian tumors. miR-484 was significantly
upregulated in serum of OC patients (118). Yet another study (119)
detected a dramatic decrease in serum exosome miR-484 levels in
OC patients, accompanied by an exacerbation of the malignant
phenotype and a reduction in overall and progression-free survival.
The above two reports on circulating miR-484 expression in OC
showed distinctly opposite results. Notably, the composition of
miRNAs and their abundance in plasma exosomes is different
from that in the overall blood. Some miRNA differential
expression is evident in exosomes, but miRNA expression in
overall blood is masked by other complex and diverse molecules.
Moreover, miRNAs were detected in exosomes and plasma samples
with divergent changes, implying that distinct mechanisms are used
to regulate miRNA packaging in exosomes or other vectors (134).
Since there are relatively few studies related to the involvement of
miR-484 in OC development, whether miR-484 plays a pro-
oncogenic role, an oncogenic role or a dual role in OC is unclear.
In spite of the fact that the mechanism is not yet clear, it is
undeniable that the sensitizing effect of miR-484 on
chemotherapeutic drugs may hold promise for OC patients in
the future.

Other Tumor Diseases
The circulating two-miRNA classifier (miR-484/miR-148b-3p)
has a degree of advantage in differentiating thyroid tumors
(sensitivity of 89% and specificity of 87%) (120). However still
further validation in histology is needed to better compensate
and improve the clinical uncertainty of mutation-negative fine
needle aspiration test. In addition, low miR-484 expression in
serum of patients with osteosarcoma is closely associated with
clinical malignant phenotype, poor prognosis, and has been
initially confirmed as a promising biomarker (121).

Yi et al. (47) unveiled that the combination of low miR-484
and high MAP2 levels is associated with the best prognosis of
glioma. Further in-depth exploration revealed that miR-484
promotes tumor initiation properties by activating ERK1/2 and
Myc signaling through MAP2-mediated interaction between
Grb2 and SOS (Table 3). Interestingly, miR-484 is regulated by
c-Myc in glioma cells, so that c-myc-miR-484- ERK1/2
constitutes a closed positive feedback loop exacerbating the
Frontiers in Oncology | www.frontiersin.org 17
gliomagenesis process. Notably, the stem cell nature of tumors
is closely related to the resistance to tumor therapy. Therefore, it
remains to be further confirmed whether miR-484 occurs by the
same mechanism in different types of tumors presenting a high
degree of chemotherapy insensitivity.

A recent study revealed a significant upregulation of hsa-miR-484
in pleural tissue of patients with malignant pleural mesothelioma
(MPM) compared to benign asbestos-associated pleural effusion
(BAPE), indicating that miR-484 could be a new potential
biomarker for the diagnosis of mesothelioma (114). Meanwhile,
Zhao et al. (43) searched and analyzed publicly available microarray
data and found that miR-484 was remarkably up-regulated in
radiation-resistant nasopharyngeal carcinoma (NPC) samples
accompanied by decreased expression of miR-484-targeted genes
and verified the negative regulation of miR-484 with OLA1 by qRT-
PCR method (Table 3). Similarly, miR-484 was also upregulated by
RT-qPCR in NUT midline carcinoma (NMC) specimens located in
the nasal cavity andmaxillary sinus (broadly classified as NPC) (115)
(Table 3). Although the mechanism of miR-484 expression
upregulation is unclear, these data may provide a basis for future
studies on the molecular mechanisms of treatment and radiation
resistance in NPC.
PERSPECTIVE

In recent years miRNAs have greatly enriched the clinical
understanding of diseases, including tumors, as key regulators of
different human diseases. Based on the data reported so far, it is
clear that miR-484 is expressed in multiple types of cells and tissues
and targets multiple mRNAs. In this review, the development of
many diseases accompanied by miR-484 overexpression or
inhibition is to some extent predictive of disease outcome. It is
noteworthy that the way of regulating miR-484 expression and
miR-484 targeting regulatory molecules are different in different
types of tissues or even different injury factors in the same tissues
(Figures 3, 4). The reasons for differential miR-484 expression,
however, could be mutations in miR-484 seed sequences, altered
promoter methylation levels, blocked miR-484 maturation
processes and competitive repression by accepting non-partial
lncRNAs, among others (Figure 4). Moreover, miR-484 targets
different mRNAs in different cellular settings which may result
from differential expression of miR-484 basal or competition with
RNA-binding proteins. To our surprise, miR-484 directly targets
amino acid coding sequences that block the translation process of
proteins such as Fis1.

We outlined some of the biological functions and target genes
of miR-484 to elucidate the multiple potential mechanisms of
miR-484 (Figure 3). Considering that most common disease
screening methods fail to accurately screen tumors at early stages
of disease, detecting miR-484 expression in serum and tissues
may become an effective target for tumor diagnosis, prognosis
and treatment, providing a promising application for miRNA in
tumor therapy. However, many questions remain to be clarified,
such as the specific regulatory mechanism of miRNA-484 in
tumors (Figure 4). Given that miR-484 can act as both a proto-
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oncogene and an oncogene, how to develop precise therapeutic
strategies based on the biological properties of miR-484 still
needs to be explored. Further research on the above issues will
help to explore the mechanism of tumorigenesis and promote the
development of tumor-related clinical diagnostic methods and
new therapeutic targets. At the same time, the improvement of
RNA molecular delivery technology has also made miRNA-
based disease treatment options more realistic.
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