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MicroRNAs (miRNAs) are a group of small non-coding RNAs that post-transcriptionally control expression of
genes by targeting mRNAs. miRNA alterations partake in the establishment and progression of different types of
human cancer. Consequently, expression profiling of miRNA in human cancers has correlations with cancer
detection, staging, progression, and response to therapies. Particularly, amplification, deletion, abnormal pattern

of epigenetic factors and the transcriptional factors that mediate regulation of primary miRNA frequently change
the landscape of miRNA expression in cancer. Indeed, changes in the quantity and quality of miRNAs are
associated with the initiation of cancer, its progression and metastasis. Additionally, miRNA profiling has been
used to categorize genes that can affect oncogenic pathways in cancer. Here, we discuss several circulating
miRNA signatures, their expression profiles in different types of cancer and their impacts on cellular processes.

1. Introduction

Cancer is a complex genetic defect comprising structural and
expression abnormalities of coding and non-coding transcripts. The first
indication of miRNAs correlation with cancer was revealed in 2002
through detection of recurrent deletions in a miRNA-coding region in
half of patients with B cell chronic lymphocytic leukemia [1]. Since that
time, it has been shown within the scientific community that miRNAs
dysregulation is highly influential and partakes in cancer development
and progression [2]. Moreover, several miRNAs have been detected that
have tumor suppresser or oncogenic roles [3-5]. It is now clear that the
genomic complexity of the neoplastic cells is much more than estimated.
After these significant findings, the characterization and cloning of
small, non-coding RNAs with ~22 nt length has led to the recognition of
more than 1000 miRNAs. miRNAs play fundamental regulatory roles in
shaping cellular activity, including development, differentiation, pro-
liferation, apoptosis, and genomic stability [6] through specific
base-pairing with target transcript and/or protein molecules, and tran-
scriptional and post-transcriptional regulation of their expression [7].

GENCODE data (v.29) has listed around 2600 mature miRNAs
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encoded by 1872 annotated miRNA precursor genes in human [8].
Functions of many of these miRNAs are still unknown [9]. A single
miRNA might bind with up to hundred different transcripts [8,10].
Moreover, a specific mRNA may attach to various miRNAs, either
simultaneously or in a circumstance-dependent manner [11]. miRNAs
have direct contribution in oncogenesis in diverse tissues since they
function as tumor suppressors (miR-15a and miR-16-1) or oncogenes
(miR-17-92 cluster and miR-155) [12,13]. Moreover, miRNAs have
been regarded as markers for genetic susceptibility to cancers [14,15].
Molecular analysis showed that the genomic aberrations such as chro-
mosomal rearrangements, deletions, and mutations or genomic ampli-
fications impact on the activity of miRNAs [13].

In addition to their effects in the cellular functions in cancer cells,
miRNAs can regulate function of other cells in the tumor niche. Extra-
cellular miRNAs can affect intercellular communications cooperating
with stromal cells and constituents of the extracellular matrix to create a
suitable microenvironment for cancer cells to grow and escape from
immune responses [16]. For instance, miR-200c decreases expressions
of PTEN and FOG2, inducing PI3K/Akt cascade and leading to amass-
ment of myeloid-derived suppressor cells and inhibition of immune
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response in the tumor milieu [17]. Moreover, macrophages have been
shown to secrete miRNA-containing exosomes to enhance invasiveness
of breast cancer cells. Notably, miR-223, a miRNA specific for
interleukin-4-induced macrophages has been among these miRNAs
[18]. In addition, exosomal transfer of miR-144 and miR-126 has an
important role in the establishment of a new metabolic system in favor
of cancer progression [19].

2. Biogenesis of miRNAs

The mechanism of biosynthesis of miRNA is schematically presented
in (Fig. 1). It involves a complex protein process in which the Argonaute
protein family members, RNA pol II, and the RNase III enzymes (Drosha
and Dicer) participate [7]. After being transcribed by RNA pol II, the
long precursor (pri-miRNA) is used to produce another transcript with
hairpin structure an approximately 70 nt, namely the precursor-miRNA
(pre-miRNA) [20,21]. The pre-miRNA then experiences additional
processing steps catalyzed by Dicer [22,23]. This cleavage event results
in production of an approximately 22-nt miRNA duplex comprising of
mature miRNA [24]. Later, the mature double-stranded RNA binds to
Argonaute proteins producing RNA-induced silencing complex (RISC)
[25] which subsequently controls the translation of target mRNA with
complementary sequences in the 3’ untranslated region (UTR). miRNAs
binding with other regions, including open reading frame (ORF) or
5'UTR of the mRNA and gene promoters have been described as well
[26-29]. A schematic illustration of miRNA biogenesis can be seen in
Fig. 1.

3. Mechanisms of abnormal expression of miRNA in neoplasms

Over the last decades, dysregulation of miRNAs expression has been
observed in diverse neoplams. In spite of significant progress in under-
standing and knowing the basic mechanism of miRNA biosynthesis, less
is recognized about the mechanisms that control miRNA biogenesis and
how this process might be dysregulated in the oncogenic process. Ac-
cording to the finding of the recent studies, the mechanisms of miRNA
dysregulation primarily involves the amplification or deletion of miRNA
genes, abnormal activity of transcription factors, epigenetic dysregula-
tion, and defects in the genes in the miRNA biogenesis pathway [13].
Furthermore, competitive endogenous RNAs (ceRNAs) might decrease
intracellular miRNA level.

3.1. Amplification or deletion of miRNA genes

miRNAs are encoded in various regions of the mammalian genome.
Around half of miRNAs are transcribed from non-protein-coding re-
gions, whereas approximately 40% reside in the introns of protein-
coding genes [30,31]. Intronic miRNAs are usually transcribed with
their host genes, yet the pattern of intergenic miRNAs is less understood.
Numerous miRNAs are located in neoplasm-associated genomic regions
or common breakpoints adjacent to fragile sites [32], and in other
genomic sites which harbors cancer-associated rearrangements.

The earliest discovery of miRNAs role on cancer has reported that
two clusters of miRNA genes, miR-15a and miR-16a are located within
the 13q14.3 region which is lost in chronic lymphocytic leukemia (CLL)
and that both genes are frequently deleted in most of CLL cases [1].
Moreover, the loss of both miR-15 and miR-16-1 genes is highly
correlated to CLL, and promotes the overexpression of BCL2 and ROR1
[33-35]. Therefore, loss of miRNAs resulted from chromosomal deletion
or rearrangements may cause oncogenesis. Further comprehensive
analysis revealed that both miR-143 and miR-145 genes located on
chromosome 5q33 region are often deleted in lung cancers, resulting in
reduced expression of both miRNAs [36]. In particular, the miR-17-92
cluster on a translocation site has been overexpressed in T-cell acute
lymphoblastic leukemia and induced lymphomagenesis in vivo [37]. Lin
Zhang et al. identified high-frequency genomic abnormalities in miRNA
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loci in 227 samples of human breast cancer, ovarian cancer, and mela-
noma [38]. Overall, these results indicate that unusual expression of
miRNA in cancer cells might be resulted from amplification or deletion
of particular genomic sites of miRNA genes.

3.2. Regulation of miRNAs transcription

Expression of miRNAs is closely regulated via various transcription
factors, so aberrant expression of miRNA in tumors may be resulted from
dysregulation of some major transcription factors, including p53 and c-
Myec. Several studies have shown conclusive indications that changes in
transcriptional protein activators or suppressors lead to abnormal pri-
miRNA transcription in human cancers. As an example, genes encod-
ing miR-34a, miR-34b, and miR-34c are directly controlled by the p53,
indicating the impacts of the functional p53 in determining expression
of miR-34 in neoplastic cells [39,40]. p53 is upregulated as a response to
DNA damage and oncogenic stress, and controls the transcription of
miR-34, which triggers apoptosis, cell cycle arrest, and cell senescence
in different types of cancer [41]. miR-145 is also transcriptionally
activated via over-expression of p53 to promote apoptosis [42-45].
RAS-responsive element-binding protein 1 (RREB1) downregulates
miR-143/145 levels and promotes tumorigenesis [46]. p53 also controls
expression of a variety of miRNAs, including miR-107 [47], miR-1246
[48], and miR-605 [49,50]. miR-145 expression is also affected by
other transcription factors, such as beta-catenin/T cell factor 4 (TCF4)
[51], C/EBPf, PPARy, BRCA1 DNA repair associated (BRCA1l) and
forkhead box O (FoxO) [52-55] in human tumors. The c-myc
proto-oncogene encodes a protein that controls the transcription of
various genes, including non-coding and protein-coding genes [56,57].
Over-expression of c-myc is a critical step in various cancers and is
correlated with abnormal expression of several genes including miRNA
genes [58,59]. The oncogenic c-Myc protein promotes expression of
miR-17-92 cluster by binding to E-box in the promoter of miR-17-92
[60]. c-Myec inhibits transcriptional activity of tumor-suppressor miR-
NAs such as miR-6-15a-20-29 and let-7 [61]. Moreover, recurrent
amplification of 13q31-q32 locus, which has the miR-17-92, is
frequently found in lymphomas harboring MYC rearrangements, indi-
cating that the miR-17 cluster and c-Myc may work together to promote
aggressive cancer development [62]. In hepatocellular carcinoma
(HCC), c-Myc attaches to the conserved regions of miR-363-3p or
miR-148a-5p promoter genes and suppresses their expression [58]. In
turn, miR-363-3p destabilizes Myc through the direct binding and
inhibiting ubiquitin-specific protease 28, whereas miR-148a-5p directly
binds and suppresses Myc expression [63]. Suppression of miR-363-3p
or miR-148a-5p promotes hepatocellular tumorigenesis by inducing G1
to S phase progression. In addition to p53 and c-Myc, which are two
already studied transcriptional factors, more proteins have been
discovered as transcriptional factors that control miRNA expression. For
example, Mef2c¢ which motivates the proliferation of myeloid progeni-
tor, is influenced by miR-223, and the genetic ablation of Mef2c tran-
scriptional factor advantageously inhibits the progenitor expansion and
amends the neutrophilic phenotypes [64,65].

3.3. Epigenetic control of miRNAs

An eminent characteristic of cancer is epigenetic alteration. DNA
methylation and histone tail modifications change chromatin structure.
Epigenetic is known as meiotically and mitotically heritable gene
expression changes that do not include DNA nucleotide alterations. The
utmost frequent epigenetic modifications are methylation of DNA at the
5-carbon of the cytosine and modification of histone tails (histone
acetylation and methylation) [66,67], which are identified to have
major impacts on the expression of human genes. Methylation of histone
H3 lysine 9 is an important event in epigenetic control of gene expres-
sion and might be stimulated by DNA methylation [68]. Histone meth-
yltransferases have been shown to interact with other enzymes that
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Fig. 1. Biogenesis of miRNAs has several steps: (1) Transcription by RNA polymerase II resulting in the production of long primary miRNA transcripts with diverse
sizes (pri-miRNA). Within the nucleus, pri-miRNA is cleaved by Drosha RNase III enzyme creating a hairpin configuration known as pre-miRNA. (2) Export of pre-
miRNA into the cytoplasm by exportin 5 and its processing by Dicer. (3) Creation of the transient 19-24 nucleotide duplex. Only the mature miRNA from the miRNA
duplex is integrated into RISC. (4) The mature miRNA directs RISC to degrade mRNA or prompt translational suppression or translational activation.
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modify epigenetic marks on DNA or histones [68]. Disruption of
epigenetic mechanisms results in aberrant expression of miRNAs in
cancer cells [69,70]. Fig. 2 depicts the DNA-methylation patterns of
miRNAs in normal and tumor cells.

3.3.1. DNA Methylation

Methylation of DNA typically happens in all vertebrate cells at
carbon-5 of cytosine ring in CpG dinucleotides. This process is mediated
by DNA methyltransferase (DNMT) family, using S-adenosyl-methionine
(SAM) as methyl-donor. Methylation of CpG human promoter genes are
usually inhibited, while unmethylated CpG promoters can be expressed.
Studies have shown that numerous miRNAs target each mRNA, and it is
predicted that up to 30% of human protein-coding genes are controlled
by miRNAs [73]. Similar to protein-coding genes, miRNAs are prone to
epigenetic alterations. For example, Zhenhai et al. has discovered that
intronic miR-340-5p expression was epigenetically downregulated by
promoter DNA methylation of its host gene in multiple myeloma [74].
Saito and his colleagues showed that 17 out of 313 human miRNAs in
T24 bladder cancer cells are over-expressed more than 3-folds after
concurrent treatment with suppressors of DNA methylation of DNA and
histone acetylation. miR-127 is one of these miRNAs which is located in
a CpG island and its expression is extremely promoted in the tumor cells
after treatment with 5-Aza-2'-deoxycytidine in combination with 4-phe-
nylbutyric acid, decreasing levels of its target BCL6 proto-oncogene
[75]. These findings show that both DNA demethylation and histone
deacetylase inhibition could induce the expression of such types of
miRNAs. Another study stated that DNA hypomethylation causes a
release of miR-124a silencing in colorectal cancer cell lines through
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transcriptional inactivation by CGI methylation [76]. miR-34b/c and
miR-148a also undergo certain hypermethylation-associated silencing in
metastatic cell lines from head and neck cancer, colon cancer and mel-
anoma cells. Furthermore, hypermethylation-associated silencing of
these miRNAs reduced tumor growth and inhibited metastasis formation
in vivo [77]. Hyper-methylation of miR-124, miR-125, miR-126,
miR-127, miR-148a, miR-193a, miR-132, miR-133a-3p, miR-137 and
miR-34b/c has been found in breast cancer cells [78-82]. In addition,
let-7a, miR-9, miR-10b, miR-152, miR-200, miR-195/497 family, and
miRNAs at the DLK1-DIO3 imprinted locus harbor similar epigenetic
marks [83-85]. Down-regulation through methylation process of some
miRNA such as miR-149 was described in chemoresistant breast cancer
patients [86]. Furthermore, a number of miRNAs which suppress pro-
liferation, invasion, and migration of cancer cells, were downregulated
due to promoter hypermethylation in different types of cancer. Among
these miRNAs are let-7a, miR-9, miR-34b/c, miR-338-3p, miR-596,
miR-125a-5p, miR-375, miR-27b-3p, miR-495-3p, miR-490-3p and
miR-124a in gastric cancer [87-97], let-7a, miR-9, miR-124s,
miR-125a-5p, miR-192, miR-615-5p, miR-1247, miR-142-3p,
miR-148a, miR-132, miR-200, miR-152, miR-17 and miR-92 in
pancreatic cancer [98-109], miR-9, let-7a, miR-191, miR-203, miR-335,
miR-137, miR-142, miR-148a, miR-375, miR-195, miR-183, miR-497,
miR-124, miR-125, miR-378, miR-639 in HCC [110-120], and let-7a,
miR-107, miR-203a, miR-1258, miR —9, miR-107, miR-124-3p,
miR-125b-5p, miR-127-5p, miR-129-5p, miR-130b, miR-132-3p,
miR-137, miR-148a-3p, miR-339-3p, miR-375, miR-34a, miR-203a,
miR-34b/c, miR-191-5p, miR-193a-5p, miR-193a-3p, miR-196,
miR-508-3p, miR-424/503 cluster in ovarian cancer [121-132].

Intragenic miRNAs
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Fig. 2. A schematic model of DNA methylation-dependent miRNAs in normal & cancer cells. Aberrant promoter DNA methylation pattern in tumorigenesis. In
normal cells, CpG dinucleotides (lollipops) of promoter intergenic or intragenic miRNAs associated CpG island are usually unmethylated (blue lollipops) which could
lead to a euchromatin histone configuration allowing availability of TFs, HATs, HMT and RNA polymerase complex, for miRNA transcription, and thereby tran-
scription could occur. Whilst, in tumor cells, promoter of intergenic or intragenic miRNAs associated CpG islands is aberrantly hypermethylated (red lollipops) via
DNMT that associated with recruitment of HMT, MBD and HDAC, leading to a compact chromatin configuration, and thereby availability of transcription complex is
blocked, resulting in miRNA silencing. TF: Transcription factor; Pol II: RNA polymerase II; HDAC: Histone deacetylase; MBD: Methyl-CpG-binding domain protein;
TAF: TBP-associated factor; TBP: TATA-binding protein; Co-Act: Co-activator; HMT: Histone methyltransferase; DNMT: DNA methyltransferase; HAT: Histone
acetyltransferase [71,72]. (For interpretation of the references to colour in this figure, the reader is referred to the web version of this article.)
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It has been shown by numerous studies that there is a significant
change in the expression profile of the miRNA not just in tumor samples
but also in the blood and urine of patients with bladder neoplasm [133,
134]. Bladder carcinogenesis and chemotherapy resistance are closely
related to miRNA expression dysregulations [135]. Various miRNAs
such as let-7, miR-145, miR-152, miR-10a, miR-129, miR-148, miR-193,
miR-935, miR-137, miR-126, miR-200 and miR-205 showed signifi-
cantly higher methylation levels in bladder cancer patients [136-144].
miR-137, miR-124, miR-2, miR-3 and miR-9 were specifically methyl-
ated in urine specimens of bladder cancer [137,138]. Recent studies
interpreted that aberrant DNA methylation usually leads to dysregula-
tion of miRNAs in cancer, and methylation pattern of certain miRNAs
may be an important marker for cancer diagnosis and prognosis. Such
dysregulation of miRNA signature results in genome-wide epigenetic
abnormalities [145]. For example, hypermethylation of DNA sequences,
histone modifications, and abnormal miRNA expression patterns have
been regarded as three main epigenetic alterations that contribute in
leukemia progression [146].

Promoters of let-7a, miR-9, miR-124-3p and miR-125 genes are
silenced by aberrant CpG methylation in breast, ovarian, gastric, lung,
pancreatic, and bladder cancers. Silencing of miRNA genes allows up-
regulation of essential products of the oncogene, such as epidermal
growth factor (EGF) and cyclin G1 (CCNG1) [147], which lead to pro-
gression of tumor and cancer invasiveness.

Hyper-methylation in the promoter region of miRNA-137 has been
found in more than ten different types of cancer, which is contributed to
transcriptional repression of miRNA-137 and affects the regulation of
various cellular processes in tumor cells, such as remodeling of the
chromosome by direct targeting of the EZH2 [148,149], cell cycle pro-
gression by targeting Cdc42 and Cdk6 [150], metabolism of tumor
glutamine by targeting ASCT2 [151] and TRIM24 [152], chromatin
remodeling by targeting LSD1 [153].

Tumor-suppressor miR-34 gene is also hypermethylated at the CpG
site in the promoter region in numerous tumors, and its silencing has
affected various cellular process by targeting NOTCH1 [154] and CD44
[155]. This process also affects cellular senescence via modulation of
telomerase activity through targeting FoxM1 and c-Myc [156,157], and
apoptosis by direct targeting BCL2 protein apoptosis regulator [158].

3.3.2. Histone modifications

The key protein components of chromatin are histones, a series of
small, highly conserved proteins. Histone tail methylation and acetyla-
tion are the two main modifications of histone proteins in chromatin
that play a key role in its regulation in response to different cellular
signals. The main biological processes including DNA replication, gene
expression, and repair of DNA damage are regulated by histone proteins
modifications, which occur at specific residues on histone N-terminal
tails [159]. Histone deacetylation gave rise to a more compact chro-
matin state and inhibited gene transcription, while acetylation of
lysine-tails in histone protein was associated with a more relaxed
chromatin structure and activation of gene transcription [160]. Scott
et al. were the first group who showed the evidence of miRNA deregu-
lation due to the modification of histone proteins in tumor cells in 2006.
They found 27 aberrantly expressed miRNAs in breast cancer after
treating SKBr3 breast cancer cells with an HDACs inhibitor [161]. Other
investigators have shown that HDAC inhibitor affects miRNA expression
in different types of cancer [69, 160-164]. Due to the overexpression of
HDACs (HDAC1, HDAC2, and HDAC3), miR-29b, miR-15a, and miR-16
are epigenetically repressed in mantle cell lymphoma (MCL) and CLL.
Indeed, HDAC inhibition restores the expression of miR-29b, miR-15a,
and miR-16 in CLL cells, and was associated with declining levels of
MCL-1 and triggered CLL apoptosis [165].

Furthermore, in HCC cells, overexpression of histone deacetylases
(HDAC1-3) decreases expression of miRNA-449. miR-449 attaches to c-
MET mRNA to decrease its levels, reducing proliferation, and promoting
apoptosis of liver cancer cells [166]. Notably, histone acetylation, in
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some settings, is involved in oncomiR activation in cancer. For instance,
in HCC, miR-224 is commonly overexpressed. It has also been reported
that miR-224 expression is positively associated with histone acetylase
EP300 protein in HCC patients [167].

3.4. Abnormal function of genes in the biogenesis of miRNA pathway

In addition to genomic alterations, transcription factors, and alter-
ations of epigenetics mechanisms, defects in the miRNA biogenesis
system influence the expression of miRNA and enhance oncogenesis.
The altered expression of Dicer and Drosha, two main enzymes in the
miRNA maturation is linked to down-regulation of miRNAs in numerous
kinds of human cancer including breast cancer [168,169]. In vitro and
genetically modified human cell lines proved that DICER1 and DROSHA
mutations affect miRNA processing via several routes.

Mutations in DICER1 generally impair miRNAs biogenesis from the
5’-arm of pre-miRNA hairpins, whereas DROSHA mutations impede
miRNA processing via a dominant-negative manner. Mutations in both
DICER1 and DROSHA impair tumor suppressor miRNA expression, such
as let-7 family [170]. Additionally, pre-miRNAs are processed into
mature miRNAs after exported via the nuclear membrane to the cyto-
plasm. The export of pre-miRNAs is mediated by exportin 5 and its
cofactor [171]. Thus, a genetic defect in exportin-5 sequesters
pre-miRNAs in the nucleus, decreases miRNA processing, and reduces
miRNA-target suppression. The mutant form of exportin 5 does not have
the C-terminal region that participates in forming the ternary structure
complex (pre-miRNA/XPO5/Ran-GTP), thus pre-miRNAs amass in the
nucleus of cancer cells [172].

3.5. The competitive endogenous RNA (ceRNA)

The interference between non-coding and coding RNA molecules
characterizes a new way of gene regulation. The principal regulators of
gene expression are miRNAs. They regulate mRNA expression through
the direct binding on their miRNA Response Element (MRE) sites [173].
Besides, protein-coding RNA transcripts and other non-coding RNAs can
attach to miRNAs through MRE sites. Therefore, they are known as
miRNA sponge or ceRNA, since they compete with mRNA target for
miRNA binding [174].

The ceRNA hypothesis proposed that in addition to mRNA, se-
quences of circular RNAs (circRNAs), long non-coding RNAs (IncRNAs),
and pseudogenes contain MREs, inhibiting normal miRNA targeting
activity on mRNA. Recent studies have found that ceRNAs are correlated
with several diseases, including cancer [175-177]. Changes in the
expression levels of ceRNA have to be large enough to reduce or over-
come the miRNA repression on competing ceRNAs. This is characterized
by RNA transcripts “switched” off or on at the transcriptional level in
physiological or pathological conditions. A pseudogene of the PTEN
tumor suppression gene is PTENP1. Its mRNA sequence, near to 3’-UTR,
is highly homologous to the similar region in PTEN, and this charac-
teristic of PTENP1 indicates that it could use as a ceRNA of PTENP gene
[174]. Several studies showed the significance of the ceRNA mechanism
in cancer cells [175, 178-180]. Tay et al. stated ceRNA regulation of
PTEN in prostate cancer and glioblastoma cells, detecting candidates
through mutually targeted MRE enrichment analysis [179]. They had
observed that mRNA sharing the most miRNA binding sites that were
coexpressed with PTEN would potentially bind PTEN-targeting miRNAs
and relieve their repression of PTEN. Along with the variety of bioin-
formatics and experimental approaches used in the above-mentioned
studies, these attributes of PTEN may notify the future identification
of ceRNA cancer-relevant regulatory networks and their pathological
dysregulation. Most notably, ceRNA function is a well-established route
of participation of circular RNAs (circRNAs) in the neoplastic trans-
formation. These covalently enclosed single-stranded RNAs have been
shown to act as sponges for miRNAs, thus sequestering miRNAs and
attenuating their functional roles. [181]. For instance, ciRS-7 has tens of
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conserved binding sites for miR-7 [182], thus having high efficiency for
sponging this miRNA. Moreover, circHIPK3 can serve as a molecular
sponge for several miRNAs [181], including those being involved in the
neoplastic transformation.

4. Onco-miRs and tumor-suppressor-miRNAs

Genome expression studies propose interesting different perspectives
on participation of miRNAs in human neoplasms. miRNAs have been
associated with different cellular functions including controlling cellular
proliferation, differentiation and programing of cell death [183]. It was
found that miRNAs can act as either tumor suppressor genes by targeting
oncogenic mRNAs or oncomiRs, probably through several mechanisms,
such as elimination of tumor suppressor proteins. For example,
miR-125b exerts as a tumor suppressor effects in various solid tumors
because its expression decreases the expression of LIPA, PCTP, ACCS1,
HK2 GSS, IKZF4, SCD1, and TP53 [184]. On the other hand, miR-125b is
an oncomiR in most of human leukemias such as AML [185], AMKL
[186], CML [187] and ALL [188]. Indeed, miR-125b mostly exerts its
oncogenic role by repression of hematopoietic differentiation factors
(PRDM1, CBFB, IRF4, IL10RA, IL2RB) or by direct targeting the
metastasis gene promoters (LIN28B, ARID3B, MMP13), metastasis in-
hibitors (TP53INP1, STARD13) and pro-apoptotic factors (BAK1,TP53,
BMF, MAPK14, BBC3) [189-192]. Another instance of this fact is given
by the miR-155 which possesses an oncogenic role in many hemato-
logical and solid malignancies, so it is considered as an oncomiR [193].
High levels of miR-155 directly targets SHIP1 and IL-6 pathway, a
negative regulator of B-cell differentiation promoting the accumulation
of apoptosis-resistant pre-BI cells [194]. However, despite its strong
oncogenic effects, Levati et al. found that miR-155 impedes cancer
proliferation and induces apoptosis process in several melanoma cell
lines in which it acts as tumor suppressor, due to silencing of SKI gene
[195]. Similarly, Qin et al. and Li et al. showed that miR-155 acts as
tumor suppressor in ovarian and gastric cancer-initiating cells by
directly targeting CLDN1 and SMAD2, respectively [195,196].

Variation of genomic miRNA within target sites may be a major
source for genetic differences in cancer risk. Numerous studies have
revealed that polymorphisms and mutations lead to functional loss or
modification of existing miRNA target sites [193,194] and the formation
of new miRNA binding sites [197]. Even within a single cancer type, the
variance of a miRNA being oncogenic or tumor-suppressive is high-
lighted in this set of studies.

5. miRNA profiling as a new clinical tool

Since various studies proved participation of miRNAs in carcino-
genesis and metastasis, miRNAs are currently being investigated to have
a great role in prognostic and diagnostic methods. It was proved that a
unique signature of thirteen miRNAs was correlated with disease pro-
gression in CLL [198]. Further investigation showed that expression of
numerous miRNAs could accurately distinguish ALL cases with frequent
translocations from other subjects [199]. Additionally, low expression of
let-7a-2 and high expression of miR-155 were related with poor clinical
outcome in lung cancer [200].

Numerous studies indicated that miRNAs can be biomarkers in
prognosis and diagnosis [199,201]. Carme et.al. stated that the level of
miR-210 expression was conversely associated with disease-free survival
proposing that miR-210 might be an independent prognostic factor for
early breast cancer patients [202]. Intriguingly, a recent study using
microarray profiling to investigate the patterns of miRNA expression
showed the association between upregulation of miR-21 and advanced
clinical stage, lymph node involvement, and patient poor survival [203].
Moreover, downregulation of miR-126 and miR-335 expression was
strongly associated with metastatic regression in breast cancer patients
[204]. miRNAs have been found as biomarkers in biopsy specimens. In
addition, more recently, various reports recommended that free
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circulating miRNAs are measurable in plasma or serum and the levels of
tumor-associated miRNAs increased in multiple tumors such as prostate
cancer [205], lung cancer [206], colorectal cancer [207], and ovarian
cancer [208] and other cancers[209,210]. These results indicate that
blood-based miRNAs might emerge as innovative source of biomarkers
for diagnosis of different types of cancer.

6. miRNAs as drugs or therapeutic targets

Many preclinical and in vitro studies have inhibited oncomiRs or
reintroduced oncosuppressive miRNAs in cancer cells, proving that
these therapies are effective in inhibition of cell migration and prolif-
eration or enhancement of cell death. This indicates that these miRNAs
(oncomiRs or oncosuppressor miRNAs) could be used as drugs or ther-
apeutic targets. The advantage of modulating miRNA expression instead
of genes is their ability to target various genes and pathways simulta-
neously. Also, one oncosuppressive miRNA might strongly decrease the
risk of resistance to therapy by targeting critical genes. Conversely, the
miRNA effect on the expression of various genes may also have clinically
significant side effects due to inaccurate target effects. Besides, miRNA
delivery as anticancer therapies is one of the big issues, because a system
might be necessary in which miRNAs should be delivered to every tumor
cells, otherwise untreated cells could help tumor recurrence.

Moreover, re-expression of oncosuppressor miRNAs might be
blocked the progression of cancer in vivo [211]. In vivo model systems
have shown the efficacy of this method in suppression of cancer cells
proliferation and stimulation of apoptosis without toxicity. Oncosup-
pressor miRNAs induction has also been shown to be used in epigenetic
control. Different drugs have been used for remodeling of chromatin to
inhibit methylation of DNA and deacetylation of histone, amending
epigenetic alterations in cancer cells [75]. This understanding recom-
mends that miRNAs delivery could be an essential therapeutic strategy.
Recently, inhibition of miR-124 and prevention of DEN-induced HCC in
animals support application of this kind of anticancer therapeutic ap-
proaches [212]. There are several systems for miRNA delivery as ther-
apies, such as antisense oligonucleotide inhibitors of miRNAs,
double-stranded oligonucleotides, anti-miRs, and miR-mimics to
restore miRNA function. These innovative miRNAs therapeutic systems
open the potential for a novel therapeutics class and recommend a
unique cancer treatment approach via modulating the entire biological
pathways.

7. Conclusion

It is evident that miRNAs participate in tumorigenesis and control
the progression of human neoplasms. While many improvements have
been made in the knowledge of miRNA involvement in cancer, further
understanding of existing form and biological function is necessary, as
many questions still need to answer. The greatest challenge for the
future will be the concept of cancer-specific miRNA signature that could
be used for miRNA-based cancer therapeutic and diagnostic approaches.

Conflict of interest statement

The authors declare they have no conflict of interest.

References

[1] G.A. Calin, C.D. Dumitru, M. Shimizu, R. Bichi, S. Zupo, E. Noch, H. Aldler,
S. Rattan, M. Keating, K. Rai, L. Rassenti, T. Kipps, M. Negrini, F. Bullrich, C.
M. Croce, Frequent deletions and down-regulation of micro- RNA genes miR15
and miR16 at 13q14 in chronic lymphocytic leukemia, Proc. Natl. Acad. Sci. U.S.
A. 99 (24) (2002) 15524-15529.

[2] G. Di Leva, M. Garofalo, C.M. Croce, MicroRNAs in cancer, Ann. Rev. Pathol. 9
(2014) 287-314.

[3] C. Farroni, E. Marasco, V. Marcellini, E. Giorda, D. Valentini, S. Petrini, V. D’Oria,
M. Pezzullo, S. Cascioli, M. Scarsella, A.G. Ugazio, G.C. De Vincentiis,


http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref1
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref1
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref1
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref1
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref1
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref2
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref2
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref3
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref3

B.M. Hussen et al.

[4]

[5]

[6

—

[7

—

[8

—

[9

—_

[10]
[11]

[12]
[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

O. Grimsholm, R. Carsetti, Dysregulated miR-155 and miR-125b are related to
impaired b-cell responses in down syndrome, Front. Immunol. 9 (2018) 2683.
H.Y. Jia, Y.X. Wang, W.T. Yan, H.Y. Li, Y.Z. Tian, S.M. Wang, H.L. Zhao,
MicroRNA-125b functions as a tumor suppressor in hepatocellular carcinoma
cells, Int. J. Mol. Sci. 13 (7) (2012) 8762-8774.

S. Baldari, Di, G. Rocco, A. Magenta, M. Picozza, G. Toietta, Extracellular
vesicles-encapsulated microRNA-125b produced in genetically modified
mesenchymal stromal cells inhibits hepatocellular carcinoma cell proliferation,
Cells 8 (2019) 1560.

J. O’Brien, H. Hayder, Y. Zayed, C. Peng, Overview of microRNA biogenesis,
mechanisms of actions, and circulation, Front. Endocrinol. 9 (2018) 402.

V.N. Kim, J.W. Nam, Genomics of microRNA, Trends Genet.TIG 22 (3) (2006)
165-173.

O. Plotnikova, A. Baranova, M. Skoblov, Comprehensive analysis of human
microRNA-mRNA interactome, Front. Genet. 10 (2019) 933.

Y. Peng, C.M. Croce, The role of MicroRNAs in human cancer, Signal Transduct.
Target. Ther. 1 (2016) 15004.

K.B. Reddy, MicroRNA (miRNA) in cancer, Cancer Cell Int. 15 (2015) 38.

S. Uhlmann, H. Mannsperger, J.D. Zhang, E.A. Horvat, C. Schmidt, M. Kiiblbeck,
F. Henjes, A. Ward, U. Tschulena, K. Zweig, U. Korf, S. Wiemann, 0. Sahin, Global
microRNA level regulation of EGFR-driven cell-cycle protein network in breast
cancer, Mol. Syst. Biol. 8 (2012) 570.

B. Zhang, X. Pan, G.P. Cobb, T.A. Anderson, microRNAs as oncogenes and tumor
suppressors, Dev. Biol. 302 (1) (2007) 1-12.

G.A. Calin, C.M. Croce, MicroRNA signatures in human cancers, Nat. Rev. Cancer
6 (11) (2006) 857-866.

J. Hayes, P.P. Peruzzi, S. Lawler, MicroRNAs in cancer: biomarkers, functions and
therapy, Trends Mol. Med. 20 (8) (2014) 460-469.

H. Yaghoobi, E. Babaei, B.M. Hussen, A. Emami, EBST: an evolutionary multi-
objective optimization based tool for discovering potential biomarkers in ovarian
cancer, [IEEE/ACM Trans. Comput. Biol. Bioinform. (2020) 1 (Pp).

1. Conti, G. Varano, C. Simioni, I. Laface, D. Milani, E. Rimondi, L.M. Neri,
miRNAs as influencers of cell-cell communication in tumor microenvironment,
Cells 9 (1) (2020) 220.

S. Mei, J. Xin, Y. Liu, Y. Zhang, X. Liang, X. Su, H. Yan, Y. Huang, R. Yang,
MicroRNA-200c promotes suppressive potential of myeloid-derived suppressor
cells by modulating PTEN and FOG2 expression, PLoS One 10 (8) (2015),
e0135867.

M. Yang, J. Chen, F. Su, B. Yu, F. Su, L. Lin, Y. Liu, J.D. Huang, E. Song,
Microvesicles secreted by macrophages shuttle invasion-potentiating microRNAs
into breast cancer cells, Mol. Cancer 10 (2011) 117.

Q. Wu, J. Li, Z. Li, S. Sun, S. Zhu, L. Wang, J. Wu, J. Yuan, Y. Zhang, S. Sun,
C. Wang, Exosomes from the tumour-adipocyte interplay stimulate beige/brown
differentiation and reprogram metabolism in stromal adipocytes to promote
tumour progression, J. Exp. Clin. Cancer Res. 38 (1) (2019) 223.

Y. Lee, M. Kim, J. Han, K.H. Yeom, S. Lee, S.H. Baek, V.N. Kim, MicroRNA genes
are transcribed by RNA polymerase II, EMBO J. 23 (20) (2004) 4051-4060.
AM. Denli, B.B. Tops, R.H. Plasterk, R.F. Ketting, G.J. Hannon, Processing of
primary microRNAs by the microprocessor complex, Nature 432 (7014) (2004)
231-235.

M.T. Bohnsack, K. Czaplinski, D. Gorlich, Exportin 5 is a RanGTP-dependent
dsRNA-binding protein that mediates nuclear export of pre-miRNAs, RNA 10 (2)
(2004) 185-191.

Y. Lee, K. Jeon, J.T. Lee, S. Kim, V.N. Kim, MicroRNA maturation: stepwise
processing and subcellular localization, EMBO J. 21 (17) (2002) 4663-4670.
D.P. Bartel, MicroRNAs: genomics, biogenesis, mechanism, and function, Cell 116
(2) (2004) 281-297.

R.I. Gregory, T.P. Chendrimada, N. Cooch, R. Shiekhattar, Human RISC couples
microRNA biogenesis and posttranscriptional gene silencing, Cell 123 (4) (2005)
631-640.

D. Zhang, Y.F. Xiao, J.W. Zhang, R. Xie, C.J. Hu, B. Tang, S.M. Wang, Y.Y. Wu, N.
B. Hao, S.M. Yang, miR-1182 attenuates gastric cancer proliferation and
metastasis by targeting the open reading frame of hTERT, Cancer Lett. 360 (2)
(2015) 151-159.

L. Lu, D. Guo, X. Chen, W. Xiong, S. Jie, H. Li, Abnormal miRNAs targeting
chromosome open reading frame genes were enriched in microvesicles derived
from the circulation of HCC, Biochem. Genet. 54 (2) (2016) 120-133.

K. Zhang, X. Zhang, Z. Cai, J. Zhou, R. Cao, Y. Zhao, Z. Chen, D. Wang, W. Ruan,
Q. Zhao, G. Liu, Y. Xue, Y. Qin, B. Zhou, L. Wu, T. Nilsen, Y. Zhou, X.D. Fu,

A novel class of microRNA-recognition elements that function only within open
reading frames, Nat. Str. Mol. Biol. 25 (11) (2018) 1019-1027.

J.P. Broughton, M.T. Lovci, J.L. Huang, G.W. Yeo, A.E. Pasquinelli, Pairing
beyond the seed supports microRNA targeting specificity, Mol. Cell 64 (2) (2016)
320-333.

H.K. Saini, S. Griffiths-Jones, A.J. Enright, Genomic analysis of human microRNA
transcripts, Proc. Nat. Acad. Sci. U.S.A. 104 (45) (2007) 17719-17724.

A. Rodriguez, S. Griffiths-Jones, J.L. Ashurst, A. Bradley, Identification of
mammalian microRNA host genes and transcription units, Genome Res. 14 (10a)
(2004) 1902-1910.

G.A. Calin, C. Sevignani, C.D. Dumitru, T. Hyslop, E. Noch, S. Yendamuri,

M. Shimizu, S. Rattan, F. Bullrich, M. Negrini, C.M. Croce, Human microRNA
genes are frequently located at fragile sites and genomic regions involved in
cancers, Proc. Nat. Acad. Sci. U.S.A. 101 (9) (2004) 2999-3004.

A. Cimmino, G.A. Calin, M. Fabbri, M.V. Iorio, M. Ferracin, M. Shimizu, S.

E. Wojcik, R.I. Ageilan, S. Zupo, M. Dono, L. Rassenti, H. Alder, S. Volinia, C. Liu,

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Biomedicine & Pharmacotherapy 138 (2021) 111528

T.J. Kipps, M. Negrini, C.M. Croce, miR-15 and miR-16 induce apoptosis by
targeting BCL2, Proc. Nat. Acad. Sci. U.S.A. 102 (39) (2005) 13944-13949.

R.I. Ageilan, G.A. Calin, C.M. Croce, miR-15a and miR-16-1 in cancer: discovery,
function and future perspectives, Cell Death Differ. 17 (2) (2010) 215-220.

L.Z. Rassenti, V. Balatti, E.M. Ghia, A. Palamarchuk, L. Tomasello, P. Fadda,

Y. Pekarsky, G.F. Widhopf, T.J. Kipps, C.M. Croce, MicroRNA dysregulation to
identify therapeutic target combinations for chronic lymphocytic leukemia, Proc.
Nat. Acad. Sci. U.S.A. 114 (40) (2017) 10731-10736.

G.A. Calin, C.M. Croce, MicroRNAs and chromosomal abnormalities in cancer
cells, Oncogene 25 (46) (2006) 6202-6210.

K.J. Mavrakis, A.L. Wolfe, E. Oricchio, T. Palomero, K. de Keersmaecker,

K. McJunkin, J. Zuber, T. James, A.A. Khan, C.S. Leslie, J.S. Parker, P.J. Paddison,
W. Tam, A. Ferrando, H.G. Wendel, Genome-wide RNA-mediated interference
screen identifies miR-19 targets in Notch-induced T-cell acute lymphoblastic
leukaemia, Nat. Cell Biol. 12 (4) (2010) 372-379.

L. Zhang, J. Huang, N. Yang, J. Greshock, M.S. Megraw, A. Giannakakis, S. Liang,
T.L. Naylor, A. Barchetti, M.R. Ward, G. Yao, A. Medina, A. O’Brien-Jenkins,

D. Katsaros, A. Hatzigeorgiou, P.A. Gimotty, B.L. Weber, G. Coukos, microRNAs
exhibit high frequency genomic alterations in human cancer, Proc. Nat. Acad. Sci.
U.S.A. 103 (24) (2006) 9136-9141.

L. He, X. He, L.P. Lim, E. de Stanchina, Z. Xuan, Y. Liang, W. Xue, L. Zender,

J. Magnus, D. Ridzon, A.L. Jackson, P.S. Linsley, C. Chen, S.W. Lowe, M.A. Cleary,
G.J. Hannon, A microRNA component of the p53 tumour suppressor network,
Nature 447 (7148) (2007) 1130-1134.

J. Qiang, X.W. Zhu, J. He, Y.F. Tao, J.W. Bao, J.H. Zhu, P. Xu, miR-34a regulates
the activity of HIF-1a and P53 signaling pathways by promoting GLUT1 in
Genetically improved farmed tilapia (GIFT, Oreochromis niloticus) under hypoxia
stress, Front. Physiol. 11 (2020) 670.

F. Navarro, J. Lieberman, miR-34 and p53: new insights into a complex functional
relationship, PloS One 10 (7) (2015), e0132767.

S.0. Suh, Y. Chen, M.S. Zaman, H. Hirata, S. Yamamura, V. Shahryari, J. Liu, Z.
L. Tabatabai, S. Kakar, G. Deng, Y. Tanaka, R. Dahiya, MicroRNA-145 is regulated
by DNA methylation and p53 gene mutation in prostate cancer, Carcinogenesis 32
(5) (2011) 772-778.

D. Ye, Z. Shen, S. Zhou, Function of microRNA-145 and mechanisms underlying
its role in malignant tumor diagnosis and treatment, Cancer Manag. Res. 11
(2019) 969-979.

L. Lupini, F. Pepe, M. Ferracin, C. Braconi, E. Callegari, S. Pagotto, R. Spizzo,
B. Zagatti, P. Lanuti, F. Fornari, R. Ghasemi, R. Mariani-Costantini, L. Bolondi,
L. Gramantieri, G.A. Calin, S. Sabbioni, R. Visone, A. Veronese, M. Negrini, Over-
expression of the miR-483-3p overcomes the miR-145/TP53 pro-apoptotic loop in
hepatocellular carcinoma, Oncotarget 7 (21) (2016) 31361-31371.

A. Kilic, N. Barlak, F. Sanli, A. Aytatli, O. Capik, O.F. Karatas, Mode of action of
carboplatin via activating p53/miR-145 axis in head and neck cancers,
Laryngoscope 130 (2019) 2818-2824.

O.A. Kent, K. Fox-Talbot, M.K. Halushka, RREB1 repressed miR-143/145
modulates KRAS signaling through downregulation of multiple targets, Oncogene
32 (20) (2013) 2576-2585.

M. Yamakuchi, C.D. Lotterman, C. Bao, R.H. Hruban, B. Karim, J.T. Mendell,
D. Huso, C.J. Lowenstein, P53-induced microRNA-107 inhibits HIF-1 and tumor
angiogenesis, Proc. Nat. Acad. Sci. U.S.A. 107 (14) (2010) 6334-6339.

Y. Zhang, J.M. Liao, S.X. Zeng, H. Lu, p53 downregulates Down syndrome-
associated DYRK1A through miR-1246, EMBO Rep. 12 (8) (2011) 811-817.
C.H. Zhou, X.P. Zhang, F. Liu, W. Wang, Involvement of miR-605 and miR-34a in
the DNA damage response promotes apoptosis induction, Biophys. J. 106 (8)
(2014) 1792-1800.

J. Xiao, H. Lin, X. Luo, X. Luo, Z. Wang, miR-605 joins p53 network to form a p53:
miR-605:Mdm2 positive feedback loop in response to stress, EMBO J. 30 (3)
(2011) 524-532.

W. Wang, X. Xiao, X. Chen, Y. Huo, W.J. Xi, Z.F. Lin, D. Zhang, Y.F. Li, F. Yang, W.
H. Wen, A.G. Yang, T. Wang, Tumor-suppressive miR-145 co-repressed by TCF4-
p-catenin and PRC2 complexes forms double-negative regulation loops with its
negative regulators in colorectal cancer, Intl. J. Cancer 142 (2) (2018) 308-321.
B. Gan, C. Lim, G. Chu, S. Hua, Z. Ding, M. Collins, J. Hu, S. Jiang, E. Fletcher-
Sananikone, L. Zhuang, M. Chang, H. Zheng, Y.A. Wang, D.J. Kwiatkowski, W.
G. Kaelin, S. Signoretti, R.A. DePinho, FoxOs enforce a progression checkpoint to
constrain mTORC1-activated renal tumorigenesis, Cancer Cell 18 (5) (2010)
472-484.

T. Zeinali, B. Mansoori, A. Mohammadi, B. Baradaran, Regulatory mechanisms of
miR-145 expression and the importance of its function in cancer metastasis,
Biomed. Pharmacother. 109 (2019) 195-207.

G. Jiang, C. Huang, J. Li, H. Huang, H. Jin, J. Zhu, X.R. Wu, C. Huang, Role of
STAT3 and FOXO1 in the divergent therapeutic responses of non-metastatic and
metastatic bladder cancer cells to miR-145, Mol. Cancer Ther. 16 (5) (2017)
924-935.

A.V. Das, R.M. Pillai, Implications of miR cluster 143/145 as universal anti-
oncomiRs and their dysregulation during tumorigenesis, Cancer Cell Int. 15
(2015) 92.

M. Winkle, A. Berg, M. Tayari, J. Sietzema, M. Terpstra, G. Kortman, D. Jong,
L. Visser, A. Diepstra, K. Kok, J. Kluiver, Long noncoding RNAs as a novel
component of the Myc transcriptional network, FASEB J. Off. Pub. Fed. Am. Soc.
Exp. Biol. 29 (6) (2015) 2338-2346.

J.R. Hart, T.C. Roberts, M.S. Weinberg, K.V. Morris, P.K. Vogt, MYC regulates the
non-coding transcriptome, Oncotarget 5 (24) (2014) 12543-12554.


http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref3
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref3
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref4
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref4
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref4
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref5
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref5
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref5
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref5
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref6
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref6
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref7
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref7
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref8
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref8
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref9
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref9
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref10
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref11
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref11
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref11
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref11
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref12
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref12
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref13
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref13
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref14
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref14
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref15
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref15
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref15
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref16
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref16
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref16
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref17
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref17
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref17
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref17
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref18
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref18
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref18
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref19
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref19
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref19
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref19
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref20
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref20
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref21
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref21
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref21
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref22
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref22
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref22
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref23
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref23
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref24
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref24
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref25
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref25
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref25
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref26
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref26
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref26
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref26
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref27
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref27
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref27
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref28
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref28
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref28
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref28
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref29
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref29
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref29
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref30
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref30
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref31
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref31
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref31
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref32
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref32
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref32
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref32
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref33
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref33
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref33
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref33
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref34
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref34
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref35
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref35
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref35
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref35
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref36
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref36
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref37
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref37
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref37
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref37
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref37
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref38
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref38
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref38
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref38
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref38
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref39
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref39
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref39
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref39
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref40
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref40
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref40
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref40
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref41
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref41
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref42
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref42
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref42
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref42
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref43
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref43
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref43
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref44
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref44
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref44
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref44
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref44
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref45
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref45
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref45
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref46
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref46
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref46
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref47
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref47
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref47
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref48
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref48
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref49
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref49
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref49
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref50
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref50
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref50
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref51
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref51
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref51
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref51
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref52
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref52
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref52
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref52
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref52
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref53
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref53
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref53
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref54
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref54
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref54
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref54
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref55
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref55
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref55
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref56
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref56
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref56
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref56
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref57
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref57

B.M. Hussen et al.

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]
[69]
[70]
[71]
[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

L. Swier, A. Dzikiewicz-Krawczyk, M. Winkle, A. van den Berg, J. Kluiver,
Intricate crosstalk between MYC and non-coding RNAs regulates hallmarks of
cancer, Mol. Oncol. 13 (1) (2019) 26-45.

J. Tao, X. Zhao, J. Tao, c-MYC-miRNA circuitry: a central regulator of aggressive
B-cell malignancies, Cell Cycle 13 (2) (2014) 191-198.

K.A. O’'Donnell, E.A. Wentzel, K.I. Zeller, C.V. Dang, J.T. Mendell, c-Myc-
regulated microRNAs modulate E2F1 expression, Nature 435 (7043) (2005)
839-843.

T.C. Chang, D. Yu, Y.S. Lee, E.A. Wentzel, D.E. Arking, K.M. West, C.V. Dang,
A. Thomas-Tikhonenko, J.T. Mendell, Widespread microRNA repression by Myc
contributes to tumorigenesis, Nat. Genet. 40 (1) (2008) 43-50.

H. Tagawa, K. Karube, S. Tsuzuki, K. Ohshima, M. Seto, Synergistic action of the
microRNA-17 polycistron and Myc in aggressive cancer development, Cancer Sci.
98 (9) (2007) 1482-1490.

H. Han, D. Sun, W. Li, H. Shen, Y. Zhu, C. Li, Y. Chen, L. Lu, W. Li, J. Zhang,
Y. Tian, Y. Li, A c-myc-microRNA functional feedback loop affects
hepatocarcinogenesis, Hepatology 57 (6) (2013) 2378-2389.

B. Stamatopoulos, N. Meuleman, B. Haibe-Kains, P. Saussoy, E. Van Den Neste,
L. Michaux, P. Heimann, P. Martiat, D. Bron, L. Lagneaux, microRNA-29¢ and
microRNA-223 down-regulation has in vivo significance in chronic lymphocytic
leukemia and improves disease risk stratification, Blood 113 (21) (2009)
5237-5245.

J.B. Johnnidis, M.H. Harris, R.T. Wheeler, S. Stehling-Sun, M.H. Lam, O. Kirak, T.
R. Brummelkamp, M.D. Fleming, F.D. Camargo, Regulation of progenitor cell
proliferation and granulocyte function by microRNA-223, Nature 451 (7182)
(2008) 1125-1129.

A.J. Bannister, T. Kouzarides, Regulation of chromatin by histone modifications,
Cell Res. 21 (3) (2011) 381-395.

E.L. Mersfelder, M.R. Parthun, The tale beyond the tail: histone core domain
modifications and the regulation of chromatin structure, Nucleic Acids Res. 34 (9)
(2006) 2653-2662.

J.C. Chuang, P.A. Jones, Epigenetics and microRNAs, Pediatr. Res. 61 (7) (2007)
24-29.

A. Ramassone, S. Pagotto, A. Veronese, R. Visone, Epigenetics and MicroRNAs in
Cancer, Int. J. Mol. Sci. 19 (2) (2018) 459.

L. Zhang, Q. Lu, C. Chang, Epigenetics in health and disease, Adv. Exp. Med. Biol.
1253 (2020) 3-55.

K.Y. Wong, L. Yu, C.S. Chim, DNA methylation of tumor suppressor miRNA genes:
a lesson from the miR-34 family, Epigenomics 3 (1) (2011) 83-92.

L.Q. Wang, C.S. Chim, DNA methylation of tumor-suppressor miRNA genes in
chronic lymphocytic leukemia, Epigenomics 7 (3) (2015) 461-473.

B.P. Lewis, C.B. Burge, D.P. Bartel, Conserved seed pairing, often flanked by
adenosines, indicates that thousands of human genes are microRNA targets, Cell
120 (1) (2005) 15-20.

Z. Li, K.Y. Wong, G.A. Calin, W.J. Chng, G.C. Chan, C.S. Chim, Epigenetic
silencing of miR-340-5p in multiple myeloma: mechanisms and prognostic
impact, Clinical Epigenet. 11 (1) (2019) 71.

Y. Saito, G. Liang, G. Egger, J.M. Friedman, J.C. Chuang, G.A. Coetzee, P.

A. Jones, Specific activation of microRNA-127 with downregulation of the proto-
oncogene BCL6 by chromatin-modifying drugs in human cancer cells, Cancer Cell
9 (6) (2006) 435-443.

A. Lujambio, S. Ropero, E. Ballestar, M.F. Fraga, C. Cerrato, F. Setién, S. Casado,
A. Suarez-Gauthier, M. Sanchez-Cespedes, A. Gitt, I. Spiteri, P.P. Das, C. Caldas,
E. Miska, M. Esteller, Genetic unmasking of an epigenetically silenced microRNA
in human cancer cells, Cancer Res. 67 (4) (2007) 1424-1429.

A. Lujambio, G.A. Calin, A. Villanueva, S. Ropero, M. Sanchez-Cespedes,

D. Blanco, L.M. Montuenga, S. Rossi, M.S. Nicoloso, W.J. Faller, W.M. Gallagher,
S.A. Eccles, C.M. Croce, M. Esteller, A microRNA DNA methylation signature for
human cancer metastasis, Proc. Nat. Acad. Sci. U.S.A. 105 (36) (2008)
13556-13561.

L.V. Pronina, V.I. Loginov, A.M. Burdennyy, M.V. Fridman, V.N. Senchenko, T.
P. Kazubskaya, N.E. Kushlinskii, A.A. Dmitriev, E.A. Braga, DNA methylation
contributes to deregulation of 12 cancer-associated microRNAs and breast cancer
progression, Gene. 604 (2017) 1-8.

E.A. Braga, E.A. Filippova, V.I. Loginov, I.V. Pronina, A.M. Burdennyi, T.

P. Kazubskaya, M.V. Fridman, D.S. Khodyrev, N.E. Kushlinskii, Marker systems
based on microRNA gene methylation for the diagnosis of stage I-1I breast cancer,
Bull. Exp. Biol. Med. 168 (2) (2019) 280-284.

W. Shi, T. Tang, X. Li, S. Deng, R. Li, Y. Wang, Y. Wang, T. Xia, Y. Zhang, K. Zen,
L. Jin, Y. Pan, Methylation-mediated silencing of miR-133a-3p promotes breast
cancer cell migration and stemness via miR-133a-3p/MAML1/DNMT3A positive
feedback loop, J. Exp. Clin. Cancer Res. 38 (1) (2019) 429.

Y. Tang, S. Yang, M. Wang, D. Liu, Y. Liu, Y. Zhang, Q. Zhang, Epigenetically
altered miR-193a-3p promotes HER2 positive breast cancer aggressiveness by
targeting GRB7, Int. J. Mol. Med. 43 (6) (2019) 2352-2360.

V.I. Loginov, A.M. Burdennyy, L.V. Pronina, V.V. Khokonova, S.V. Kurevljov, T.
P. Kazubskaya, N.E. Kushlinskii, E.A. Braga, Novel miRNA genes
hypermethylated in breast cancer, Mol. Biol. 50 (5) (2016) 797-802.

G. Oshima, E.C. Poli, M.J. Bolt, A. Chlenski, M. Forde, J.M.S. Jutzy, N. Biyani, M.
C. Posner, S.P. Pitroda, R.R. Weichselbaum, N.N. Khodarev, DNA methylation
controls metastasis-suppressive 14q32-encoded miRNAs, Cancer Res. 79 (3)
(2019) 650-662.

C.L. Haga, D.G. Phinney, MicroRNAs in the imprinted DLK1-DIO3 region repress
the epithelial-to-mesenchymal transition by targeting the TWIST1 protein
signaling network, J. Biol. Chem. 287 (51) (2012) 42695-42707.

[85]

[86]

[87]

[88]

[89]

[901]

[91]

[92]

[93]

[94]

[95]

[96]

[971

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

Biomedicine & Pharmacotherapy 138 (2021) 111528

M. Marques, A. Evangelista, T. Macedo, R. Vieira, C. Scapulatempo-Vieira,

R. Reis, A. Carvalho, 1. Silva, Expression of tumor suppressors miR-195 and let-7a
as potential biomarkers of invasive breast cancer, Clinics 73 (2018), e184.

D.X. He, X.T. Gu, Y.R. Li, L. Jiang, J. Jin, X. Ma, Methylation-regulated miR-149
modulates chemoresistance by targeting GlcNAc N-deacetylase/N-
sulfotransferase-1 in human breast cancer, FEBS J. 281 (20) (2014) 4718-4730.
H. Suzuki, E. Yamamoto, M. Nojima, M. Kai, H. Yamano, K. Yoshikawa,

T. Kimura, T. Kudo, E. Harada, T. Sugai, H. Takamaru, T. Niinuma, R. Maruyama,
H. Yamamoto, T. Tokino, K. Imai, M. Toyota, Y. Shinomura, Methylation-
associated silencing of microRNA-34b/c in gastric cancer and its involvement in
an epigenetic field defect, Carcinogenesis 31 (12) (2010) 2066-2073.

B. Guo, J. Zhang, Q. Li, Z. Zhao, W. Wang, K. Zhou, X. Wang, D. Tong, L. Zhao,
J. Yang, C. Huang, Hypermethylation of miR-338-3p and impact of its
suppression on cell metastasis through N-cadherin accumulation at the cell -cell
junction and degradation of MMP in gastric cancer, Cell. Physiolo. Biochem. Int.
J. Exp. Cell. Physiol. Biochem. Pharmacol. 50 (2) (2018) 411-425.

Z. Zhang, D.Q. Dai, MicroRNA-596 acts as a tumor suppressor in gastric cancer
and is upregulated by promotor demethylation, World J. Gastroenterol. 25 (10)
(2019) 1224-1237.

M. Cai, Q. Chen, J. Shen, C. Lv, L. Cai, Epigenetic silenced miR-125a-5p could be
self-activated through targeting Suv39H1 in gastric cancer, J. Cell. Mol. Med. 22
(10) (2018) 4721-4731.

Y. Quan, Y. Zhang, W. Lin, Z. Shen, S. Wu, C. Zhu, X. Wang, Knockdown of long
non-coding RNA MAP3K20 antisense RNA 1 inhibits gastric cancer growth
through epigenetically regulating miR-375, Biochem. Biophys. Res. Commun.
497 (2) (2018) 527-534.

C. Zhang, Y. Zou, D.Q. Dai, Downregulation of microRNA-27b-3p via aberrant
DNA methylation contributes to malignant behavior of gastric cancer cells by
targeting GSPT1, Biomed. Pharmacother. 119 (2019), 109417.

J.W. Eun, H.S. Kim, Q. Shen, H.D. Yang, S.Y. Kim, J.H. Yoon, W.S. Park, J.Y. Lee,
S.W. Nam, MicroRNA-495-3p functions as a tumor suppressor by regulating
multiple epigenetic modifiers in gastric carcinogenesis, J. Pathol. 244 (1) (2018)
107-119.

S. Zhu, S. Khalafi, Z. Chen, J. Poveda, D. Peng, H. Lu, M. Soutto, J. Que,

M. Garcia-Buitrago, A. Zaika, W. El-Rifai, Silencing of miR490-3p by H. pylori
activates DARPP-32 and induces resistance to gefitinib, Cancer Lett. 491 (2020)
87-96.

T. Tahara, S. Tahara, N. Horiguchi, T. Kawamura, M. Okubo, M. Nagasaka,

Y. Nakagawa, T. Shibata, M. Urano, T. Tsukamoto, M. Kuroda, N. Ohmiya, Gastric
mucosal microarchitectures associated with irreversibility with helicobacter
pylori eradication and downregulation of micro RNA (miR)-124a, Cancer
Investig. 37 (9) (2019) 417-426.

K.W. Tsai, Y.L. Liao, C.W. Wu, L.Y. Hu, S.C. Li, W.C. Chan, M.R. Ho, C.H. Lai, H.
W. Kao, W.L. Fang, K.H. Huang, W. Lin, Aberrant hypermethylation of miR-9
genes in gastric cancer, Epigenetics 6 (10) (2011) 1189-1197.

C. Prinz, D. Weber, MicroRNA (miR) dysregulation during Helicobacter pylori-
induced gastric inflammation and cancer development: critical importance of
miR-155, Oncotarget 11 (10) (2020) 894-904.

P. Wang, L. Chen, J. Zhang, H. Chen, J. Fan, K. Wang, J. Luo, Z. Chen, Z. Meng,
L. Liu, Methylation-mediated silencing of the miR-124 genes facilitates pancreatic
cancer progression and metastasis by targeting Racl, Oncogene 33 (4) (2014)
514-524.

N. Omura, C.P. Li, A. Li, S.M. Hong, K. Walter, A. Jimeno, M. Hidalgo,

M. Goggins, Genome-wide profiling of methylated promoters in pancreatic
adenocarcinoma, Cancer Biol. Ther. 7 (7) (2008) 1146-1156.

W. Gao, Y. Gu, Z. Li, H. Cai, Q. Peng, M. Tu, Y. Kondo, K. Shinjo, Y. Zhu, J. Zhang,
Y. Sekido, B. Han, Z. Qian, Y. Miao, miR-615-5p is epigenetically inactivated and
functions as a tumor suppressor in pancreatic ductal adenocarcinoma, Oncogene
34 (13) (2015) 1629-1640.

S.K. Botla, S. Savant, P. Jandaghi, A.S. Bauer, O. Miicke, E.A. Moskalev, J.

P. Neoptolemos, E. Costello, W. Greenhalf, A. Scarpa, M.M. Gaida, M.W. Biichler,
O. Strobel, T. Hackert, N.A. Giese, H.G. Augustin, J.D. Hoheisel, Early epigenetic
downregulation of microRNA-192 expression promotes pancreatic cancer
progression, Cancer Res. 76 (14) (2016) 4149-4159.

J.M. Yi, E.J. Kang, H.M. Kwon, J.H. Bae, K. Kang, N. Ahuja, K. Yang,
Epigenetically altered miR-1247 functions as a tumor suppressor in pancreatic
cancer, Oncotarget 8 (16) (2017) 26600-26612.

J.D. Godfrey, J.P. Morton, A. Wilczynska, O.J. Sansom, M.D. Bushell, MiR-142-3p
is downregulated in aggressive p53 mutant mouse models of pancreatic ductal
adenocarcinoma by hypermethylation of its locus, Cell Death Dis. 9 (6) (2018)
644.

A. Abukiwan, C.C. Nwaeburu, N. Bauer, Z. Zhao, L. Liu, J. Gladkich, et al.,
Dexamethasone-induced inhibition of miR-132 via methylation promotes TGF-
B-driven progression of pancreatic cancer, Int. J. Oncol. 54 (1) (2019) 53-64.

L. Hong, G. Sun, L. Peng, Y. Tu, Z. Wan, H. Xiong, Y. Li, W. Xiao, The interaction
between miR-148a and DNMT1 suppresses cell migration and invasion by
reactivating tumor suppressor genes in pancreatic cancer, Oncol. Rep. 40 (5)
(2018) 2916-2925.

F. Boudouresque, C. Siret, A. Dobric, F. Silvy, P. Soubeyran, J. lovanna,

D. Lombardo, Y. Berthois, Ribonuclease MCPiP1 contributes to the loss of micro-
RNA-200 family members in pancreatic cancer cells, Oncotarget 9 (89) (2018)
35941-35961.

K.K. Wong, DNMT1 as a therapeutic target in pancreatic cancer: mechanisms and
clinical implications, Cell. Oncol. 43 (2020) 779-792.


http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref58
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref58
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref58
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref59
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref59
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref60
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref60
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref60
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref61
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref61
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref61
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref62
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref62
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref62
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref63
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref63
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref63
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref64
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref64
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref64
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref64
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref64
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref65
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref65
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref65
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref65
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref66
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref66
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref67
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref67
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref67
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref68
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref68
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref69
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref69
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref70
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref70
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref71
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref71
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref72
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref72
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref73
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref73
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref73
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref74
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref74
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref74
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref75
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref75
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref75
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref75
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref76
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref76
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref76
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref76
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref77
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref77
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref77
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref77
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref77
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref78
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref78
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref78
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref78
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref79
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref79
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref79
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref79
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref80
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref80
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref80
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref80
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref81
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref81
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref81
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref82
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref82
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref82
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref83
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref83
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref83
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref83
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref84
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref84
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref84
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref85
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref85
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref85
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref86
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref86
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref86
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref87
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref87
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref87
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref87
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref87
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref88
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref88
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref88
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref88
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref88
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref89
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref89
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref89
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref90
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref90
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref90
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref91
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref91
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref91
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref91
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref92
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref92
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref92
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref93
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref93
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref93
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref93
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref94
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref94
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref94
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref94
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref95
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref95
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref95
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref95
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref95
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref96
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref96
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref96
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref97
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref97
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref97
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref98
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref98
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref98
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref98
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref99
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref99
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref99
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref100
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref100
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref100
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref100
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref101
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref101
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref101
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref101
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref101
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref102
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref102
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref102
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref103
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref103
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref103
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref103
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref104
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref104
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref104
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref105
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref105
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref105
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref105
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref106
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref106
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref106
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref106
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref107
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref107

B.M. Hussen et al.

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

S. Tang, J. Bonaroti, S. Unlu, X. Liang, D. Tang, H.J. Zeh, M.T. Lotze, Sweating the
small stuff: microRNAs and genetic changes define pancreatic cancer, Pancreas 42
(5) (2013) 740-759.

J. Torrisani, B. Bournet, M.C. du Rieu, M. Bouisson, A. Souque, J. Escourrou,

L. Buscail, P. Cordelier, let-7 MicroRNA transfer in pancreatic cancer-derived cells
inhibits in vitro cell proliferation but fails to alter tumor progression, Human
Gene Ther. 20 (8) (2009) 831-844.

X.X. He, S.Z. Kuang, J.Z. Liao, C.R. Xu, Y. Chang, Y.L. Wu, J. Gong, D.A. Tian, A.
Y. Guo, J.S. Lin, The regulation of microRNA expression by DNA methylation in
hepatocellular carcinoma, Mol. BioSystems 11 (2) (2015) 532-539.

C. Lin, G. Yuan, Z. Hu, Y. Zeng, X. Qiu, H. Yu, et al., Bioinformatics analysis of the
interactions among IncRNA, miRNA and mRNA expression, genetic mutations and
epigenetic modifications in hepatocellular carcinoma, Mol. Med. Rep. 19 (2)
(2019) 1356-1364.

Q. Yu, L. Xiang, L. Yin, X. Liu, D. Yang, J. Zhou, Loss-of-function of miR-142 by
hypermethylation promotes TGF-f-mediated tumour growth and metastasis in
hepatocellular carcinoma, Cell Prolif. 50 (2017), e12384.

W.M. Ezzat, K.S. Amr, Y.A. Elhosary, A.E. Hegazy, H.H. Fahim, N.H. Eltaweel, R.
R. Kamel, Detection of DNA methylated microRNAs in hepatocellular carcinoma,
Gene 702 (2019) 153-157.

A.A. Waly, N. El-Ekiaby, R.A. Assal, M.M. Abdelrahman, K.A. Hosny, H.M. El
Tayebi, G. Esmat, K. Breuhahn, A.I. Abdelaziz, Methylation in MIRLET7A3 gene
induces the expression of IGF-II and Its mRNA binding proteins IGF2BP-2 and 3 in
hepatocellular carcinoma, Fronti. Phys. 9 (2019) 1918.

S.L. Anwar, T. Krech, B. Hasemeier, E. Schipper, N. Schweitzer, A. Vogel,

H. Kreipe, R. Buurman, B. Skawran, U. Lehmann, hsa-mir-183 is frequently
methylated and related to poor survival in human hepatocellular carcinoma,
World J. Gastroenterol. 23 (9) (2017) 1568-1575.

J. Xiao, Y. Liu, F. Wu, R. Liu, Y. Xie, Q. Yang, Y. Li, M. Liu, S. Li, H. Tang, miR-639
expression is silenced by DNMT3A-mediated hypermethylation and functions as a
tumor suppressor in liver cancer cells, Mol. Ther. J. Am. Soc. Gene Ther. 28 (2)
(2020) 587-598.

M. Furuta, K.I. Kozaki, S. Tanaka, S. Arii, I. Imoto, J. Inazawa, miR-124 and miR-
203 are epigenetically silenced tumor-suppressive microRNAs in hepatocellular
carcinoma, Carcinogenesis 31 (5) (2010) 766-776.

G. Alpini, S.S. Glaser, J.P. Zhang, H. Francis, Y. Han, J. Gong, A. Stokes,

T. Francis, N. Hughart, L. Hubble, S.M. Zhuang, F. Meng, Regulation of placenta
growth factor by microRNA-125b in hepatocellular cancer, J. Hepatol. 55 (6)
(2011) 1339-1345.

B. Brueckner, C. Stresemann, R. Kuner, C. Mund, T. Musch, M. Meister,

H. Siiltmann, F. Lyko, The human let-7a-3 locus contains an epigenetically
regulated microRNA gene with oncogenic function, Cancer Res. 67 (4) (2007)
1419-1423.

F. Yu, B. Chen, X. Fan, G. Li, P. Dong, J. Zheng, Epigenetically-regulated
microRNA-9-5p suppresses the activation of hepatic stellate cells via TGFBR1 and
TGFBR2, Cell. Physiolo. Biochem. Int. J. Exp. Cell. Physiol. Biochem. Pharmacol.
43 (6) (2017) 2242-2252.

V.I. Loginov, L.V. Pronina, A.M. Burdennyy, E.A. Filippova, T.P. Kazubskaya, D.
N. Kushlinsky, D.O. Utkin, D.S. Khodyrev, N.E. Kushlinskii, A.A. Dmitriev, E.

A. Braga, Novel miRNA genes deregulated by aberrant methylation in ovarian
carcinoma are involved in metastasis, Gene 662 (2018) 28-36.

E.A. Braga, V.I. Loginov, E.A. Filippova, A.M. Burdennyi, I.V. Pronina, T.

P. Kazubskaya, D.S. Khodyrev, D.O. Utkin, D.N. Kushlinskii, L.V. Adamyan, N.
E. Kuslinskii, Diagnostic value of a group of microRNA genes hypermethylated in
ovarian carcinoma, Bul. Exp. Biol. Med. 166 (2) (2018) 253-256.

G. Schmid, S. Notaro, D. Reimer, S. Abdel-Azim, M. Duggan-Peer, J. Holly,

H. Fiegl, J. Rossler, A. Wiedemair, N. Concin, P. Altevogt, C. Marth, A.G. Zeimet,
Expression and promotor hypermethylation of miR-34a in the various histological
subtypes of ovarian cancer, BMC Cancer 16 (2016) 102.

E.A. Filippova, V.I. Loginov, A.M. Burdennyi, E.A. Braga, I.V. Pronina, T.

P. Kazubskaya, D.N. Kushlinskii, D.O. Utkin, M.V. Fridman, D.S. Khodyrev, N.
E. Kushlinskii, Hypermethylated genes of microRNA in ovarian carcinoma:
metastasis prediction marker systems, Bul. Exp. Biol. Med. 167 (1) (2019) 79-83.
F.H.C. Cheng, H.Y. Lin, T.W. Hwang, Y.C. Chen, R.L. Huang, C.B. Chang, W. Yang,
R.IL Lin, C.W. Lin, G.C.W. Chen, S.Y. Mai, J.M.J. Lin, Y.M. Chuang, J.L. Chou, L.
W. Kuo, C. Li, A.S.L. Cheng, H.C. Lai, S.F. Wu, J.C. Tsai, M.W.Y. Chan, E2F6
functions as a competing endogenous RNA, and transcriptional repressor, to
promote ovarian cancer stemness, Cancer Sci. 110 (3) (2019) 1085-1095.

L. Lu, D. Katsaros, I.A. de la Longrais, O. Sochirca, H. Yu, Hypermethylation of let-
7a-3 in epithelial ovarian cancer is associated with low insulin-like growth factor-
II expression and favorable prognosis, Cancer Res. 67 (21) (2007) 10117-10122.
E.A. Braga, V.I. Loginov, A.M. Burdennyi, E.A. Filippova, L.V. Pronina, S.

V. Kurevlev, T.P. Kazubskaya, D.N. Kushlinskii, D.O. Utkin, V.D. Ermilova, N.
E. Kushlinskii, Five hypermethylated microRNA genes as potential markers of
ovarian cancer, Bul. Exp. Biol. Med. 164 (3) (2018) 351-355.

G.O. Chong, H.S. Jeon, H.S. Han, J.W. Son, Y.H. Lee, D.G. Hong, et al.,
Overexpression of microRNA-196b accelerates invasiveness of cancer cells in
recurrent epithelial ovarian cancer through regulation of homeobox A9, Cancer
Genom. Proteom. 14 (2) (2017) 137-141.

B. Deb, A. Uddin, S. Chakraborty, miRNAs and ovarian cancer: an overview,

J. Cell. Physiol. 233 (5) (2018) 3846-3854.

S. Ghafouri-Fard, Z. Bahroudi, H. Shoorei, A. Abak, M. Ahin, M. Taheri,
microRNA-140: a mirna with diverse roles in human diseases, Biomed.
Pharmacother. 135 (2021), 111256.

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

Biomedicine & Pharmacotherapy 138 (2021) 111528

S. Ghafouri-Fard, H. Shoorei, Z. Bahroudi, A. Abak, J. Majidpoor, M. Taheri, An
update on the role of miR-124 in the pathogenesis of human disorders, Biomed.
Pharmacoter. 135 (2021), 111198.

S. Ghafouri-Fard, V. Niazi, M. Taheri, Role of miRNAs and IncRNAs in
hematopoietic stem cell differentiation, Non Coding RNA Res. 6 (1) (2021) 8-14.
Y. Han, J. Chen, X. Zhao, C. Liang, Y. Wang, L. Sun, Z. Jiang, Z. Zhang, R. Yang,
J. Chen, Z. Li, A. Tang, X. Li, J. Ye, Z. Guan, Y. Gui, Z. Cai, MicroRNA expression
signatures of bladder cancer revealed by deep sequencing, PLoS One 6 (3) (2011),
e18286.

A. Tolle, N. Ratert, K. Jung, miRNA panels as biomarkers for bladder cancer,
Biomark. Med. 8 (5) (2014) 733-746.

Y.H. Cao, H.H. Zhang, H.F. Xu, Y.J. Duan, Q. Li, B. Huang, Prognostic role of
microRNA-100 in patients with bladder cancer, Genet. Mol. Res. GMR 14 (4)
(2015) 15948-15954.

J. Bosschieter, J.A. Nieuwenhuijzen, A. Hentschel, A.P. van Splunter, L.

1. Segerink, A.N. Vis, S.M. Wilting, B.I. Lissenberg-Witte, R.J. A van Moorselaar, R.
D. Steenbergen, A two-gene methylation signature for the diagnosis of bladder
cancer in urine, Epigenomics 11 (3) (2019) 337-347.

L. Lv, H. Deng, Y. Li, C. Zhang, X. Liu, Q. Liu, D. Zhang, L. Wang, Y. Pu, H. Zhang,
Y. He, Y. Wang, Y. Yu, T. Yu, J. Zhu, The DNA methylation-regulated miR-193a-
3p dictates the multi-chemoresistance of bladder cancer via repression of SRSF2/
PLAU/HIC2 expression, Cell Death Dis. 5 (9) (2014), e1402.

T. Shimizu, H. Suzuki, M. Nojima, H. Kitamura, E. Yamamoto, R. Maruyama,
M. Ashida, T. Hatahira, M. Kai, N. Masumori, T. Tokino, K. Imai, T. Tsukamoto,
M. Toyota, Methylation of a panel of microRNA genes is a novel biomarker for
detection of bladder cancer, Eur. Urol. 63 (6) (2013) 1091-1100.

D. Lodygin, V. Tarasov, A. Epanchintsev, C. Berking, T. Knyazeva, H. Korner,

P. Knyazev, J. Diebold, H. Hermeking, Inactivation of miR-34a by aberrant CpG
methylation in multiple types of cancer, Cell Cycle 7 (16) (2008) 2591-2600.
E.D. Wiklund, J.B. Bramsen, T. Hulf, L. Dyrskjgt, R. Ramanathan, T.B. Hansen, S.
B. Villadsen, S. Gao, M.S. Ostenfeld, M. Borre, M.E. Peter, T.F. @rntoft, J. Kjems,
S.J. Clark, Coordinated epigenetic repression of the miR-200 family and miR-205
in invasive bladder cancer, Int. J. Cancer 128 (6) (2011) 1327-1334.

C.U. Kohler, O. Bryk, S. Meier, K. Lang, P. Rozynek, T. Briining, H.U. Kéfferlein,
Analyses in human urothelial cells identify methylation of miR-152, miR-200b
and miR-10a genes as candidate bladder cancer biomarkers, Biochem. Biophys.
Res. Commun. 438 (1) (2013) 48-53.

X. Gao, W. Zheng, L. Ye, X. Wen, S. Wang, H. Cao, X. Liu, D. Huang, F. Wang,
S. Zhang, Exploration of bladder cancer-associated methylated miRNAs by
methylated DNA immunoprecipitation sequencing, OncoTargets Ther. 12 (2019)
6165-6174.

H. Zhang, D. Qi, J. Li, T. Peng, L. Yang, J. Yuan, Y. Zhang, Y. Hu, J. Su, B. Que,
M. Li, G. Zhou, Y. Chen, W. Zhang, W. Ji, A novel regulatory circuit of miR-152
and DNMT1 in human bladder cancer, Oncol. Rep. 40 (3) (2018) 1803-1812.
H.T. Li, C.E. Duymich, D.J. Weisenberger, G. Liang, Genetic and epigenetic
alterations in bladder cancer, Int. Neurourol. J. 20 (Suppl 2) (2016) S84-S94.
K.M.T. Arif, E.K. Elliott, L.M. Haupt, L.R. Griffiths, Regulatory mechanisms of
epigenetic miRNA relationships in human cancer and potential as therapeutic
targets, Cancers 12 (2020) 2922.

F. Memari, Z. Joneidi, B. Taheri, S.F. Aval, A. Roointan, N. Zarghami, Epigenetics
and Epi-miRNAs: potential markers/therapeutics in leukemia, Biomed.
Pharmacother. 106 (2018) 1668-1677.

S.D. Selcuklu, M.T.A. Donoghue, K. Rehmet, M. de Souza Gomes, A. Fort,

P. Kovvuru, M.K. Muniyappa, M.J. Kerin, A.J. Enright, C. Spillane, MicroRNA-9
inhibition of cell proliferation and identification of novel miR-9 targets by
transcriptome profiling in breast cancer cells, J. Biolo. Chem. 287 (35) (2012)
29516-29528.

J. Sun, G. Zheng, Z. Gu, Z. Guo, MiR-137 inhibits proliferation and angiogenesis
of human glioblastoma cells by targeting EZH2, J. Neuro Oncol. 122 (3) (2015)
481-489.

X. Gu, Y. Xu, W.Z. Xue, Y. Wu, Z. Ye, G. Xiao, H.L. Wang, Interplay of miR-137
and EZH2 contributes to the genome-wide redistribution of H3K27me3
underlying the Pb-induced memory impairment, Cell Death Dis. 10 (9) (2019)
671.

X. Zhu, Y. Li, H. Shen, H. Li, L. Long, L. Hui, W. Xu, miR-137 inhibits the
proliferation of lung cancer cells by targeting Cdc42 and Cdk6, FEBS Lett. 587 (1)
(2013) 73-81.

J. Dong, D. Xiao, Z. Zhao, P. Ren, C. Li, Y. Hu, J. Shi, H. Su, L. Wang, H. Liu, B. Li,
P. Gao, G. Qing, Epigenetic silencing of microRNA-137 enhances ASCT2
expression and tumor glutamine metabolism, Oncogenesis 6 (7) (2017), e356.
Y. Guan, X. Guan, H. An, A. Baihetiya, W. Wang, W. Shao, et al., Epigenetic
silencing of miR-137 induces resistance to bicalutamide by targeting TRIM24 in
prostate cancer cells, Am. J. Transl. Res. 11 (5) (2019) 3226-3237.

E.J. Kyzar, J.P. Bohnsack, H. Zhang, S.C. Pandey, MicroRNA-137 drives
epigenetic reprogramming in the adult amygdala and behavioral changes after
adolescent alcohol exposure, eNeuro 6 (2019). ENEURO.0401-19.2019.

E.Y. Park, E. Chang, E.J. Lee, H.W. Lee, H.G. Kang, K.H. Chun, Y.M. Woo, H.

K. Kong, J.Y. Ko, H. Suzuki, E. Song, J.H. Park, Targeting of miR34a-NOTCH]1 axis
reduced breast cancer stemness and chemoresistance, Cancer Res. 74 (24) (2014)
7573-7582.

C. Liu, K. Kelnar, B. Liu, X. Chen, T. Calhoun-Davis, H. Li, L. Patrawala, H. Yan,
C. Jeter, S. Honorio, J.F. Wiggins, A.G. Bader, R. Fagin, D. Brown, D.G. Tang, The
microRNA miR-34a inhibits prostate cancer stem cells and metastasis by directly
repressing CD44, Nat. Med. 17 (2) (2011) 211-215.

X. Xu, W. Chen, R. Miao, Y. Zhou, Z. Wang, L. Zhang, Y. Wan, Y. Dong, K. Qu,
C. Liu, miR-34a induces cellular senescence via modulation of telomerase activity


http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref108
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref108
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref108
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref109
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref109
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref109
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref109
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref110
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref110
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref110
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref111
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref111
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref111
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref111
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref112
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref112
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref112
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref113
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref113
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref113
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref114
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref114
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref114
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref114
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref115
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref115
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref115
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref115
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref116
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref116
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref116
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref116
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref117
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref117
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref117
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref118
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref118
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref118
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref118
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref119
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref119
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref119
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref119
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref120
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref120
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref120
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref120
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref121
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref121
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref121
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref121
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref122
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref122
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref122
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref122
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref123
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref123
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref123
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref123
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref124
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref124
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref124
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref124
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref125
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref125
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref125
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref125
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref125
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref126
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref126
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref126
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref127
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref127
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref127
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref127
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref128
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref128
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref128
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref128
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref129
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref129
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref130
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref130
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref130
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref131
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref131
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref131
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref132
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref132
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref133
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref133
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref133
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref133
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref134
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref134
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref135
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref135
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref135
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref136
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref136
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref136
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref136
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref137
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref137
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref137
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref137
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref138
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref138
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref138
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref138
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref139
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref139
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref139
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref140
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref140
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref140
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref140
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref141
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref141
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref141
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref141
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref142
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref142
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref142
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref142
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref143
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref143
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref143
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref144
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref144
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref145
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref145
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref145
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref146
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref146
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref146
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref147
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref147
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref147
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref147
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref147
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref148
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref148
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref148
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref149
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref149
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref149
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref149
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref150
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref150
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref150
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref151
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref151
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref151
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref152
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref152
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref152
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref153
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref153
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref153
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref154
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref154
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref154
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref154
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref155
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref155
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref155
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref155
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref156
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref156

B.M. Hussen et al.

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

in human hepatocellular carcinoma by targeting FoxM1/c-Myc pathway,
Oncotarget 6 (6) (2015) 3988-4004.

X. Cao, L. Liu, X. Cao, Y. Cui, C. Zou, A. Chen, Y. Qiu, M. Quan, K. Ren, X. Chen,
J. Cao, The DNMT1/miR-34a/FOXM1 axis contributes to stemness of liver cancer
cells, J. Oncol. 2020 (2020) 1-15.

S.Z. Zheng, P. Sun, J.P. Wang, Y. Liu, W. Gong, J. Liu, MiR-34a overexpression
enhances the inhibitory effect of doxorubicin on HepG2 cells, World J.
Gastroenterol. 25 (22) (2019) 2752-2762.

T. Jenuwein, Re-SET-ting heterochromatin by histone methyltransferases, Trends
Cell Biol. 11 (6) (2001) 266-273.

K.J. Falkenberg, R.W. Johnstone, Histone deacetylases and their inhibitors in
cancer, neurological diseases and immune disorders, Nat. Rev. Drug Discov. 13
(9) (2014) 673-691.

G.K. Scott, M.D. Mattie, C.E. Berger, S.C. Benz, C.C. Benz, Rapid alteration of
microRNA levels by histone deacetylase inhibition, Cancer Res. 66 (3) (2006)
1277-1281.

K.J. Humphreys, L. Cobiac, R.K. Le Leu, M.B. Van der Hoek, M.Z. Michael,
Histone deacetylase inhibition in colorectal cancer cells reveals competing roles
for members of the oncogenic miR-17-92 cluster, Mol. Carcinog. 52 (6) (2013)
459-474.

Y. He, D. Chen, Y. Yi, S. Zeng, S. Liu, P. Li, H. Xie, P. Yu, G. Jiang, H. Liu, Histone
deacetylase inhibitor sensitizes ERCC1-high non-small-cell lung cancer cells to
cisplatin via regulating miR-149, Mol. Ther. Oncol. 17 (2020) 448-459.

F. Xue, Y. Cheng, L. Xu, C. Tian, H. Jiao, R. Wang, X. Gao, LncRNA NEAT1/miR-
129/Bcl-2 signaling axis contributes to HDAC inhibitor tolerance in
nasopharyngeal cancer, Aging 12 (14) (2020) 14174-14188.

D. Sampath, C. Liu, K. Vasan, M. Sulda, V.K. Puduvalli, W.G. Wierda, M.

J. Keating, Histone deacetylases mediate the silencing of miR-15a, miR-16, and
miR-29b in chronic lymphocytic leukemia, Blood 119 (5) (2012) 1162-1172.

R. Buurman, E. Giirlevik, V. Schéffer, M. Eilers, M. Sandbothe, H. Kreipe,

L. Wilkens, B. Schlegelberger, F. Kiihnel, B. Skawran, Histone deacetylases
activate hepatocyte growth factor signaling by repressing microRNA-449 in
hepatocellular carcinoma cells, Gastroenterology 143 (3) (2012) 811-820, el5.
Y. Wang, H.C. Toh, P. Chow, A.Y.F. Chung, D.J. Meyers, P.A. Cole, L.L.P.J. Ooi, C.
G.L. Lee, MicroRNA-224 is up-regulated in hepatocellular carcinoma through
epigenetic mechanisms, FASEB J. Off. Pub. Fed. Am. Soc. Exp. Biol. 26 (7) (2012)
3032-3041.

M. Yan, H.Y. Huang, T. Wang, Y. Wan, S.D. Cui, Z.Z. Liu, et al., Dysregulated
Expression of Dicer and Drosha in Breast Cancer, Pathology Oncology Research
POR, 2012, pp. 343-348.

L. Ding, H. Gu, X. Xiong, H. Ao, J. Cao, W. Lin, M. Yu, J. Lin, Q. Cui, MicroRNAs
involved in carcinogenesis, prognosis, therapeutic resistance and applications in
human triple-negative breast, Cells 8 (12) (2019) 1492.

D. Rakheja, K.S. Chen, Y. Liu, A.A. Shukla, V. Schmid, T.C. Chang, S. Khokhar, J.
E. Wickiser, N.J. Karandikar, J.S. Malter, J.T. Mendell, J.F. Amatruda, Somatic
mutations in DROSHA and DICER1 impair microRNA biogenesis through distinct
mechanisms in Wilms tumours, Nat. Commun. 5 (2014) 4802.

E. Lund, S. Giittinger, A. Calado, J.E. Dahlberg, U. Kutay, Nuclear export of
microRNA precursors, Science 303 (5654) (2004) 95-98.

S.A. Melo, C. Moutinho, S. Ropero, G.A. Calin, S. Rossi, R. Spizzo, A.F. Fernandez,
V. Davalos, A. Villanueva, G. Montoya, H. Yamamoto, S. Schwartz, M. Esteller,
A genetic defect in exportin-5 traps precursor microRNAs in the nucleus of cancer
cells, Cancer Cell 18 (4) (2010) 303-315.

M. Alshalalfa, MicroRNA response elements-mediated miRNA-miRNA
interactions in prostate cancer, Adv. Bioinform. 2012 (2012) 1-10.

L. Salmena, L. Poliseno, Y. Tay, L. Kats, P.P. Pandolfi, A ceRNA hypothesis: the
Rosetta Stone of a hidden RNA language? Cell 146 (3) (2011) 353-358.

F.A. Karreth, Y. Tay, D. Perna, U. Ala, S.M. Tan, A.G. Rust, G. DeNicola, K.

A. Webster, D. Weiss, P.A. Perez-Mancera, M. Krauthammer, R. Halaban,

P. Provero, D.J. Adams, D.A. Tuveson, P.P. Pandolfi, In vivo identification of
tumor- suppressive PTEN ceRNAs in an oncogenic BRAF-induced mouse model of
melanoma, Cell 147 (2) (2011) 382-395.

M. Taheri, H. Shoorei, M.E. Dinger, S. Ghafouri-Fard, Perspectives on the role of
non-coding RNAs in the regulation of expression and function of the estrogen
receptor, Cancers 12 (2020) 2162.

X. Ma, C. Liu, C. Gao, J. Li, J. Zhuang, L. Liu, H. Li, X. Wang, X. Zhang, S. Dong,
C. Zhou, C. Sun, circRNA-associated ceRNA network construction reveals the
circRNAs involved in the progression and prognosis of breast cancer, J. Cell.
Physiol. 235 (4) (2020) 3973-3983.

P. Sumazin, X. Yang, H.S. Chiu, W.J. Chung, A. Iyer, D. Llobet-Navas,

P. Rajbhandari, M. Bansal, P. Guarnieri, J. Silva, A. Califano, An extensive
microRNA-mediated network of RNA-RNA interactions regulates established
oncogenic pathways in glioblastoma, Cell 147 (2) (2011) 370-381.

Y. Tay, L. Kats, L. Salmena, D. Weiss, S.M. Tan, U. Ala, F. Karreth, L. Poliseno,
P. Provero, F. Di Cunto, J. Lieberman, I. Rigoutsos, P.P. Pandolfi, Coding-
independent regulation of the tumor suppressor PTEN by competing endogenous
mRNAs, Cell 147 (2) (2011) 344-357.

S. Dashti, Z. Taherian-Esfahani, V. Kholghi-Oskooei, R. Noroozi, S. Arsang-Jang,
S. Ghafouri-Fard, M. Taheri, In silico identification of MAPK14-related IncRNAs
and assessment of their expression in breast cancer samples, Sci. Rep. 10 (1)
(2020) 8316.

Q. Shang, Z. Yang, R. Jia, S. Ge, The novel roles of circRNAs in human cancer,
Mol. Cancer 18 (1) (2019) 1-10.

S. Memczak, M. Jens, A. Elefsinioti, F. Torti, J. Krueger, A. Rybak, L. Maier, S.
D. Mackowiak, L.H. Gregersen, M. Munschauer, A. Loewer, U. Ziebold,

10

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

[196]

[197]

[198]

[199]

[200]

[201]

[202]

[203]

[204]

Biomedicine & Pharmacotherapy 138 (2021) 111528

M. Landthaler, C. Kocks, F. le Noble, N. Rajewsky, Circular RNAs are a large class
of animal RNAs with regulatory potency, Nature 495 (7441) (2013) 333-338.

I. Conti, G. Varano, C. Simioni, I. Laface, D. Milani, E. Rimondi, L.M. Neri,
miRNAs as influencers of cell-cell communication in tumor microenvironment,
Cells 9 (2020) 220.

E. Tili, J.J. Michaille, Z. Luo, S. Volinia, L.Z. Rassenti, T.J. Kipps, C.M. Croce, The
down-regulation of miR-125b in chronic lymphocytic leukemias leads to
metabolic adaptation of cells to a transformed state, Blood 120 (13) (2012)
2631-2638.

M. Bousquet, C. Quelen, R. Rosati, V. Mansat-De Mas, R. La Starza, C. Bastard,
E. Lippert, P. Talmant, M. Lafage-Pochitaloff, D. Leroux, C. Gervais, F. Viguié, J.
L. Lai, C. Terre, B. Beverlo, C. Sambani, A. Hagemeijer, P. Marynen, G. Delsol,
N. Dastugue, C. Mecucci, P. Brousset, Myeloid cell differentiation arrest by miR-
125b-1 in myelodysplastic syndrome and acute myeloid leukemia with the t(2;11)
(p21;q23) translocation, J. Exp. Med. 205 (11) (2008) 2499-2506.

J.H. Klusmann, Z. Li, K. Bohmer, A. Maroz, M.L. Koch, S. Emmrich, F.J. Godinho,
S.H. Orkin, D. Reinhardt, miR-125b-2 is a potential oncomiR on human
chromosome 21 in megakaryoblastic leukemia, Genes Dev. 24 (5) (2010)
478-490.

Y. Enomoto, J. Kitaura, K. Hatakeyama, J. Watanuki, T. Akasaka, N. Kato,

M. Shimanuki, K. Nishimura, M. Takahashi, M. Taniwaki, C. Haferlach, R. Siebert,
M.J.S. Dyer, N. Asou, H. Aburatani, H. Nakakuma, T. Kitamura, T. Sonoki, Ep/
miR-125b transgenic mice develop lethal B-cell malignancies, Leukemia 25 (12)
(2011) 1849-1856.

N. Gefen, V. Binder, M. Zaliova, Y. Linka, M. Morrow, A. Novosel, L. Edry,

L. Hertzberg, N. Shomron, O. Williams, J. Trka, A. Borkhardt, S. Izraeli, Hsa-mir-
125b-2 is highly expressed in childhood ETV6/RUNX1 (TEL/AML1) leukemias
and confers survival advantage to growth inhibitory signals independent of p53,
Leukemia 24 (1) (2010) 89-96.

A.A. Chaudhuri, A.Y.L. So, A. Mehta, A. Minisandram, N. Sinha, V.D. Jonsson, D.
S. Rao, R.M. O’Connell, D. Baltimore, Oncomir miR-125b regulates hematopoiesis
by targeting the gene Lin28A, Proc. Nat. Acad. Sci. U.S.A. 109 (11) (2012)
4233-4238.

L. Shaham, V. Binder, N. Gefen, A. Borkhardt, S. Izraeli, MiR-125 in normal and
malignant hematopoiesis, Leukemia 26 (9) (2012) 2011-2018.

Y.M. Sun, K.Y. Lin, Y.Q. Chen, Diverse functions of miR-125 family in different
cell contexts, J. Hematol. Oncol. 6 (2013) 6.

A.A. Svoronos, D.M. Engelman, F.J. Slack, OncomiR or tumor suppressor? The
duplicity of microRNAs in cancer, Cancer Res. 76 (13) (2016) 3666-3670.

I.A. Babar, C.J. Cheng, C.J. Booth, X. Liang, J.B. Weidhaas, W.M. Saltzman, F.
J. Slack, Nanoparticle-based therapy in an in vivo microRNA-155 (miR-155)-
dependent mouse model of lymphoma, Proc. Nat. Acad. Sci. U.S.A. 109 (26)
(2012) E1695-E1704.

S. Costinean, S.K. Sandhu, I.M. Pedersen, E. Tili, R. Trotta, D. Perrotti,

D. Ciarlariello, P. Neviani, J. Harb, L.R. Kauffman, A. Shidham, C.M. Croce, Src
homology 2 domain-containing inositol-5-phosphatase and CCAAT enhancer-
binding protein beta are targeted by miR-155 in B cells of emicro-MiR-155
transgenic mice, Blood 114 (7) (2009) 1374-1382.

L. Levati, E. Pagani, S. Romani, D. Castiglia, E. Piccinni, C. Covaciu, P. Caporaso,
S. Bondanza, F.R. Antonetti, E. Bonmassar, F. Martelli, E. Alvino, S. D’Atri,
MicroRNA-155 targets the SKI gene in human melanoma cell lines, Pigment Cell
Melanoma Res. 24 (3) (2011) 538-550.

B.Y. Liu, microRNA-155 is downregulated in gastric cancer cells and involved in
cell metastasis, Oncol. Rep. 27 (6) (2012) 1960-1966.

G. Ramsingh, D.C. Koboldt, M. Trissal, K.B. Chiappinelli, T. Wylie, S. Koul, L.
W. Chang, R. Nagarajan, T.A. Fehniger, P. Goodfellow, V. Magrini, R.K. Wilson,
L. Ding, T.J. Ley, E.R. Mardis, D.C. Link, Complete characterization of the
microRNAome in a patient with acute myeloid leukemia, Blood 116 (24) (2010)
5316-5326.

G.A. Calin, M. Ferracin, A. Cimmino, G. Di Leva, M. Shimizu, S.E. Wojcik, M.
V. Iorio, R. Visone, N.I. Sever, M. Fabbri, R. Iuliano, T. Palumbo, F. Pichiorri,
C. Roldo, R. Garzon, C. Sevignani, L. Rassenti, H. Alder, S. Volinia, C. Liu, T.

J. Kipps, M. Negrini, C.M. Croce, A MicroRNA signature associated with prognosis
and progression in chronic lymphocytic leukemia, New Engl. J. Med. 353 (17)
(2005) 1793-1801.

M.V. Iorio, P. Casalini, E. Tagliabue, S. Ménard, C.M. Croce, MicroRNA profiling
as a tool to understand prognosis, therapy response and resistance in breast
cancer, Eur. J. Cancer 44 (18) (2008) 2753-2759.

N. Yanaihara, N. Caplen, E. Bowman, M. Seike, K. Kumamoto, M. Yi, R.

M. Stephens, A. Okamoto, J. Yokota, T. Tanaka, G.A. Calin, C.G. Liu, C.M. Croce,
C.C. Harris, Unique microRNA molecular profiles in lung cancer diagnosis and
prognosis, Cancer Cell 9 (3) (2006) 189-198.

M.V. lorio, P. Casalini, C. Piovan, L. Braccioli, E. Tagliabue, Breast cancer and
microRNAs: therapeutic impact, Breast 20 (Suppl 3) (2011) S63-S70.

C. Camps, F.M. Buffa, S. Colella, J. Moore, C. Sotiriou, H. Sheldon, et al., hsa-miR-
210 Is induced by hypoxia and is an independent prognostic factor in breast
cancer, Clin. Cancer Res. 14 (5) (2008) 1340-1348.

L.X. Yan, X.F. Huang, Q. Shao, M.Y. Huang, L. Deng, Q.L. Wu, Y.X. Zeng, J.

Y. Shao, MicroRNA miR-21 overexpression in human breast cancer is associated
with advanced clinical stage, lymph node metastasis and patient poor prognosis,
RNA 14 (11) (2008) 2348-2360.

S.F. Tavazoie, C. Alarcon, T. Oskarsson, D. Padua, Q. Wang, P.D. Bos, W.L. Gerald,
J. Massagué, Endogenous human microRNAs that suppress breast cancer
metastasis, Nature 451 (7175) (2008) 147-152.


http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref156
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref156
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref157
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref157
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref157
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref158
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref158
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref158
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref159
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref159
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref160
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref160
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref160
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref161
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref161
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref161
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref162
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref162
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref162
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref162
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref163
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref163
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref163
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref164
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref164
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref164
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref165
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref165
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref165
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref166
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref166
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref166
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref166
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref167
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref167
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref167
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref167
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref168
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref168
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref168
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref169
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref169
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref169
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref170
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref170
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref170
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref170
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref171
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref171
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref172
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref172
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref172
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref172
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref173
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref173
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref174
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref174
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref175
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref175
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref175
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref175
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref175
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref176
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref176
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref176
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref177
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref177
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref177
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref177
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref178
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref178
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref178
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref178
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref179
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref179
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref179
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref179
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref180
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref180
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref180
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref180
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref181
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref181
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref182
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref182
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref182
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref182
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref183
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref183
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref183
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref184
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref184
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref184
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref184
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref185
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref185
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref185
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref185
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref185
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref185
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref186
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref186
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref186
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref186
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref187
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref187
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref187
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref187
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref187
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref188
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref188
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref188
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref188
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref188
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref189
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref189
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref189
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref189
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref190
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref190
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref191
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref191
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref192
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref192
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref193
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref193
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref193
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref193
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref194
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref194
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref194
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref194
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref194
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref195
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref195
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref195
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref195
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref196
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref196
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref197
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref197
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref197
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref197
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref197
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref198
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref198
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref198
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref198
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref198
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref198
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref199
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref199
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref199
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref200
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref200
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref200
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref200
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref201
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref201
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref202
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref202
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref202
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref203
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref203
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref203
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref203
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref204
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref204
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref204

B.M. Hussen et al.

[205]

[206]

[207]

[208]

C. Hoey, S.K. Liu, Circulating blood miRNAs for prostate cancer risk stratification:
miRroring the underlying tumor biology with liquid biopsies, Res. Rep. Urol. 11
(2019) 29-42.

K. Qiao, S. Ning, L. Wan, H. Wu, Q. Wang, X. Zhang, S. Xu, D. Pang, LINC00673 is
activated by YY1 and promotes the proliferation of breast cancer cells via the
miR-515-5p/MARK4/Hippo signaling pathway, J. Exp. Clin. Cancer Res. 38 (1)
(2019) 1-15.

7. Xiao, S. Chen, S. Feng, Y. Li, J. Zou, H. Ling, Y. Zeng, X. Zeng, Function and
mechanisms of microRNA-20a in colorectal cancer, Exp. Ther. Med. 19 (3) (2020)
1605-1616

P. Ferreira, R.A. Roela, R.V.M. Lopez, M. Del Pilar Estevez-Diz, The prognostic
role of microRNA in epithelial ovarian cancer: a systematic review of literature
with an overall survival meta-analysis, Oncotarget 11 (12) (2020) 1085-1095.

11

[209]

[210]

[211]

[212]

Biomedicine & Pharmacotherapy 138 (2021) 111528

S. Ghafouri-Fard, K. Honarmand Tamizkar, B.M. Hussen, M. Taheri, MicroRNA
signature in liver cancer, Pathol. Res. Pract. 219 (2021), 153369.

N. Akbari Dilmaghani, B.M. Hussen, S. Nateghinia, M. Taheri, S. Ghafouri-Fard,
Emerging role of microRNAs in the pathogenesis of amyotrophic lateral sclerosis,
Metab. Brain Dis. (2021).

J. Kota, R.R. Chivukula, K.A. O'Donnell, E.A. Wentzel, C.L. Montgomery, H.

W. Hwang, T.C. Chang, P. Vivekanandan, M. Torbenson, K.R. Clark, J.R. Mendell,
J.T. Mendell, Therapeutic microRNA delivery suppresses tumorigenesis in a
murine liver cancer model, Cell 137 (6) (2009) 1005-1017.

M. Hatziapostolou, C. Polytarchou, E. Aggelidou, A. Drakaki, G.A. Poultsides, S.
A. Jaeger, H. Ogata, M. Karin, K. Struhl, M. Hadzopoulou-Cladaras, D. Iliopoulos,
An HNF4a-miRNA inflammatory feedback circuit regulates hepatocellular
oncogenesis, Cell 147 (6) (2011) 1233-1247.


http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref205
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref205
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref205
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref206
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref206
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref206
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref206
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref207
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref207
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref207
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref208
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref208
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref208
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref209
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref209
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref210
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref210
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref210
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref211
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref211
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref211
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref211
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref212
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref212
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref212
http://refhub.elsevier.com/S0753-3322(21)00313-9/sbref212

	MicroRNA: A signature for cancer progression
	1 Introduction
	2 Biogenesis of miRNAs
	3 Mechanisms of abnormal expression of miRNA in neoplasms
	3.1 Amplification or deletion of miRNA genes
	3.2 Regulation of miRNAs transcription
	3.3 Epigenetic control of miRNAs
	3.3.1 DNA Methylation
	3.3.2 Histone modifications

	3.4 Abnormal function of genes in the biogenesis of miRNA pathway
	3.5 The competitive endogenous RNA (ceRNA)

	4 Onco-miRs and tumor-suppressor-miRNAs
	5 miRNA profiling as a new clinical tool
	6 miRNAs as drugs or therapeutic targets
	7 Conclusion
	Conflict of interest statement
	References


