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ARTICLE INFO ABSTRACT

Keywords: Advances in high-throughput sequencing over the past decades have led to the identification of thousands of non-
Antisense RNA coding RNAs (ncRNAs), which play a major role in regulating gene expression. One emerging class of ncRNAs is
Cancer

the natural antisense transcripts (NATs), the RNA molecules transcribed from the opposite strand of a protein-
coding gene locus. NATs are known to concordantly and discordantly regulate gene expression in both cis and
trans manners at the transcriptional, post-transcriptional, translational, and epigenetic levels. Aberrant

Long non-coding RNA
Neurodegenerative diseases
Therapeutic targets
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expression of NATs can therefore cause dysregulation in many biological pathways and has been observed in
many genetic diseases. This review outlines the involvements and mechanisms of NATs in the pathogenesis of
various diseases, with a special emphasis on neurodegenerative diseases and cancer. We also summarize recent
findings on NAT knockdown and/or overexpression experiments and discuss the potential of NATs as promising
targets for future gene therapies.

1. Introduction

The central dogma of molecular biology, first proposed by Francis
Crick in 1958 and later reiterated in 1970, posits that biological infor-
mation flows along the DNA-RNA-protein axis [1]. However, it has
become clear since the 1980 s that not all DNA codes for a protein.
Through advances in genomic and transcriptomic technologies in the
past decades, it has been revealed that although up to 90% of the human
genome is transcribed, about 99% of these are not translated into pro-
teins [2,3]. In fact, the human genome contains only about 20,000
protein-coding genes, which constitute less than 2% of the entire
genome [4-6]. The considerably greater proportion of non-coding se-
quences relative to protein-coding genes is also commonly observed in
other species, particularly in complex eukaryotic organisms (but less so
in simple organisms such as Caenorhabditis elegans and Schizosacchar-
omyces pombe; a phenomenon termed the G-value paradox) [7,8].

Until the 21st century, most non-protein-coding DNA sequences had
received little attention and were often regarded as "junk" DNA. This is
further corroborated by the observation that most mutations responsible
for various human genetic diseases are found in protein-coding se-
quences or their regulatory regions. However, it has long been known
that many of the non-protein-coding sequences are conserved across
different species, which suggests that they may have important roles in
maintaining normal biological functions [9]. Furthermore, it soon
became clear that these non-protein-coding sequences often serve as a
template for transcription into functional RNA transcripts, collectively
known as the non-coding RNAs (ncRNAs) [10-16]. In the current era of
high-throughput sequencing, tens of thousands of ncRNAs have been
identified, and several databases have been created to curate the over-
whelmingly increasing number of the identified ncRNAs [17,18]. These
ncRNAs can be classified into either housekeeping ncRNAs or regulatory
ncRNAs. Housekeeping ncRNAs, including ribosomal RNAs (rRNAs),
transfer RNAs (tRNAs), small nuclear RNAs (snRNAs), and small
nucleolar RNAs (snoRNAs), are required for crucial cellular functions
such as gene splicing and messenger RNA (mRNA) translation [19-22].
On the other hand, regulatory ncRNAs are involved in modulating and
fine-tuning gene expressions and are expressed differentially in various
tissue conditions [8,23-25].

Regulatory ncRNAs play important roles in influencing the expres-
sion of essentially all genes in the genome, including those involved in
key biological processes, such as cell growth and development,
apoptosis, inflammation, and DNA repair. For this reason, dysregulation
in the cellular levels of ncRNAs has been observed in many disorders,
including but not limited to cancers, neurodegenerative diseases, and
cardiovascular diseases [26-36]. Given this, it has been suggested that
ncRNAs may potentially serve as biomarkers for disease diagnosis,
prognostication, and therapy [37-40]. Several ncRNA-based therapeu-
tics have been developed and some are gradually being adopted into
clinical practice, such as inotersen for the treatment of familial amyloid
polyneuropathy and patisiran for the treatment of transthyretin
amyloidosis [41].

Based on their size, regulatory ncRNAs can be categorized into either
short ncRNAs (<200 nucleotides) or long ncRNAs (>200 nucleotides).
Some examples of short ncRNAs include the microRNAs (miRNAs),
small interfering RNAs (siRNAs), and P-element-induced wimpy testis
(PIWI)-interacting RNAs (piRNAs) [42-44]. On the other hand, long
ncRNAs (IncRNAs) consists of a large heterogeneous class of RNAs,
which are categorized conveniently based on various attributes such as

the transcript length and location (e.g. long intergenic ncRNAs, lincR-
NAs), structure (e.g. circular RNAs, circRNAs), association with sub-
cellular structures (e.g. chromatin-associated RNAs, CARs), function (e.
g. competing endogenous RNA, ceRNAs), and orientation relative to the
protein-coding genes (e.g. natural antisense transcripts, NATs), among
others [42,43,45-48]. Among these mentioned IncRNAs, this review
mainly focuses on NATs. It begins by describing NATs and summarizing
their functions and mechanisms. Moreover, their roles in the patho-
physiological processes associated with neurodegenerative disorders
and cancers have been addressed, as well as current advancements in the
development of NAT-based therapeutics.

2. The natural antisense transcripts (NATs)

Although DNA transcription is frequently thought to occur in a
unidirectional manner (on the ’sense’ strand), research since the 2000 s
has found that bidirectional transcription, which produces antisense
transcripts, is not uncommon [49]. NATs, as the name suggests, are
single-stranded RNAs transcribed from a DNA template strand in the
opposite direction to that of its sense transcript [50]. NATs are typically
200-400 nucleotides in length and usually do not contain an open
reading frame (ORF), although some exceptions have been documented
[51,52]. For example, genes encoding for deoxyhypusine synthase,
erythropoietin receptor, basic fibroblast growth factor, and thymidylate
synthase, which contain an ORF, have been found to function as NATs to
regulate the expression of their target genes [9,53]. Transcriptomic
studies have demonstrated the presence of more than 5500 NATSs in the
eukaryotic genomes, particularly in humans, rats and mice. In fact, they
make up approximately 30% of annotated human genes and are
expressed abundantly in eukaryotic organisms [54].

Depending on the location of their target genes, NATs can be clas-
sified into either trans or cis types (Fig. 1). Trans-NATs are transcribed
from a genomic locus that is a distance away from their target genes and
often have imperfect complementarity to their target transcripts. On the
other hand, cis-NATs are transcribed from the same genomic locus as
their targets and show a perfect complementarity to the latter [52,54].
Cis-NATs can be further categorized into several different subtypes
based on how they overlap with their target transcripts: (i) head-to-head
(divergent) NATs, whose 5’ end overlaps with the 5’ end of the target;
(ii) tail-to-tail (convergent) NATSs, whose 3’ end overlaps with the 3’ end
of the target; (iii) overlapping (embedded) NATs, which bind to their
targets in entirety; and (iv) nearby NATs, which do not overlap with
their targets but are located very close to them [55].

3. The role of NATs in physiology and pathology

A series of experiments in the 1980 s, pioneered by Lacatena and
Cesareni [56], provided the first clue that NATs play an important
function in regulating gene expression. According to their findings, an
RNA transcript transcribed in the opposite direction to that of ColE1
plasmid could inhibit the replication of the latter [56,57]. Subsequent
research over the years demonstrated that NATs could either increase or
decrease the gene expression (termed concordant and discordant regu-
lation, respectively), although the former is less common [58,59]. NATSs
can be found in both the nucleus and cytoplasm and may therefore
participate in the regulation of gene expression via several mechanisms
[60]. Thus far, NATs are known to alter gene expression at the tran-
scriptional, post-transcriptional, and translational levels and may also
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affect RNA stability and transport [61-64]. For example, at the tran-
scriptional level, NATs are known to be co-expressed with the sense
transcripts and form RNA hybrids or duplex structures with it, thus
preventing the sense transcripts from being transcribed [57]. To achieve
this, NATs usually, but not always, possess stem-loop motifs, which not
only allow complementary base pairing with their targets but also
enhance their stability [65]. Apart from that, NATs can achieve gene
expression regulation via epigenetic changes, such as by mediating
chromatin remodeling and recruiting enzymes involved in methylation
and histone modification [8,55,64,66-70]. Commonly, NATs influence
gene expression by more than one mechanism. This is exemplified by
Tsix, which originates from downstream of Xist locus that is responsible
for the X chromosome inactivation. Tsix mediates the cis-inhibition of
Xist gene not only via the formation of RNA duplex which facilitates Xist
degradation but also by modulating the process of chromatin modifi-
cation [71]. Besides, it has been proposed that Tsix contains DNA ele-
ments that could inhibit Xist transcription at long range [72].

Genetic interaction networks are highly complex in eukaryotic or-
ganisms. Aberrant expression of a single gene can potentially wreak
havoc on the downstream gene expression, which eventually leads to
diseases. Indeed, genetic diseases are typically characterized by dysre-
gulated gene expression [74,75]. Thus, regulatory factors, including
NATs, must be kept at an optimal level to ensure an overall ideal target
gene expression. This is especially true considering that about 70% of
mammalian genes are known to produce NATs. For this reason, NATs are
constantly found to have tissue-specific expression, which provides a
clear indication that there are important evolutionarily-conserved
functional roles for NATs [76-78]. In fact, dysregulation in the NATs
expression has been linked to various pathological conditions [66,79,
80]. Thus, the expression levels of NATs have been proposed to serve as
promising biomarkers for the diagnosis, prognosis, and therapy of many
human diseases, notably neurodegenerative diseases and cancer [81,
82]. Table 1 shows preclinical studies on NATs for the treatment of
various diseases.

4. NATs in neurodegenerative diseases

Neurodegenerative diseases are a group of disabling disorders
involving progressive deterioration in diverse neurological manifesta-
tions due to structural damages in the central nervous system (CNS)
[102,103]. The major characteristics of these diseases include abnormal
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conformation and/or spatial distribution of numerous proteins, such as
amyloid in Alzheimer’s disease (AD), tau in Pick bodies, a-synuclein in
Lewy bodies, and TDP-43 in neuronal inclusions [104]. Thus, based on
their pathophysiology, neurodegenerative diseases can be classified into
either amyloidoses, tauopathies, synucleinopathies, or TDP-43 protei-
nopathies [104]. Some common examples of neurodegenerative diseases
include AD, Parkinson’s disease (PD), Huntington’s disease (HD),
amyotrophic lateral sclerosis (ALS), frontotemporal dementia (FTD),
spinal muscular atrophy (SMA), and spinocerebellar ataxias [105-109].
Neurodegenerative diseases are most common among the elderly, with
the highest prevalence observed in late life [106]. Given the rising life
expectancy, the incidence of these diseases is expected to be continu-
ously increased [110].

IncRNAs are expressed abundantly in the CNS, and dysregulation of
many IncRNAs has been associated with neurodegenerative diseases
[111]. Some NATs commonly found to be expressed aberrantly in
neurodegenerative diseases include BACE1-AS, GDNF-AS, BDNF-AS,
HTT-AS, and LOXL1-AS1 [112]. In vitro and in vivo experiments have
indicated that targeting NATs may reduce the severity of these diseases.
For example, inhibition of BDNF-AS has been shown to improve neuron
survival [113]. Therefore, NATs may serve as a potential therapeutic
target for neurodegenerative diseases, as detailed below.

4.1. Alzheimer’s disease (AD)

AD is the most common neurodegenerative disease and a leading
cause of dementia in adults older than 65 years [114]. The worldwide
prevalence of AD is estimated to be 50 million cases in 2018 [115].
Approximately 90-95% of the cases are sporadic, while the remaining
are hereditary [116,117]. Abnormal deposits of proteins, particularly
the amyloid p-peptide (Af) and tau protein are the main causative
mechanism for AD [118-120]. Two of the most crucial enzymes that can
lead to abnormal protein aggregation are B-secretase and y-secretase,
which sequentially cleave the amyloid precursor protein (APP) to
release the AP that eventually accumulates in the brains of AD patients
[121-124]. Thus, these secretases are often found at an elevated level in
the plasma of AD patients [121-124]. In addition, mutations in several
genes have been known to increase the risk of AD at high penetrance.
These include the APP, presenilin 1 (PS1) and presenilin 2 (PS2) genes
which have been associated with an increased susceptibility to
early-onset AD via A®42 isoform generation, and the APOE gene
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Fig. 1. The function of NATs in regulating gene expression. NATs function occurs in both nucleus and cytoplasm and can be Dicer-dependent and -independent.

Redrawn from [73].
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Table 1
Preclinical studies on natural antisense transcripts for treatment of different diseases.
Disease Natural Treatment strategy In Cell line Animal model  Delivery Remarks Ref.
antisense vivo/
transcript In
vitro
AD BACEI1-AS BACE1-AS siRNA In Primary SAMPS8 mice Lentivirus In vitro: Enhanced [83]
vitro hippocampal (Alzheimer proliferation of primary
and neurons model) and hippocampal neurons and
in SAMR1 improved survival.
vivo (Healthy
mice)
In vivo: Improvement of
memory and learning
behaviors, inhibition of
BACE1 and amyloid
precursor protein
production, and au protein
phosphorylation in the
hippocampus.
BACE1-AS BACEI1-AS siRNA In APBy_so-treated SH- - Lipofectamine 2000 Reduction in APP-cleaving [84]
vitro SY5Y cells activity of BACEI and
delayed induction of SP
formation
BACEI-AS BACEI-AS shRNA In APq_4o-treated SH- APP/PS1 Lipofectamine 2000 (in Attenuated neuronal [85]
vitro SY5Y cells mice vitro) damage by autophagy
and (Alzheimer regulation through the miR-
in model) 214-3p/ATGS5 signaling
vivo pathway.
Glass pipette using a
Nanoliter 2010 Injector (in
vivo)
BACE1-AS BACE1-AS siRNA In APos_3s-treated - Lipofectamine 2000 Alleviated APos_3s.induced [86]
and berberine vitro HPN cells and neuronal damage by
APBgs_3s-treated regulation of miR-132-3p
SK-N-SH cells expression in neuronal cells
SOX21-AS1 SOX21-AS1 siRNA In Primary AD mice Lipofectamine 2000 Reduced neuronal oxidative  [87]
vitro hippocampal stress and apoptosis in AD
and neurons mice through FZD3/5-Wnt
in signaling axis.
vivo
S0X21-AS1 S0X21-AS1 siRNA In ABq_4o-treated SH- - Lipofectamine 2000 Sponging miR-107- [88]
vitro SY5Y cells and mediated attenuation of
ABq_go-treated SK- AP1_4o-induced
N-SH cells neurotoxicity
MAGI2-AS3 MAGI2-AS3 siRNA In APas_3s-treated - Lipofectamine 3000 Decreased Ap-induced [89]
vitro SH-SY5Y cells neuronal injury (SH-
SY5Ycells) and
neuroinflammation (BV2
cells)
ANRIL ANRIL shRNA In APy _4o-treated - Lipofectamine 2000 Suppression of apoptosis [90]
vitro PC12 cells and inflammation,
induction of neurite
outgrowth through binding
of miR-125a in AD.
Ischemic Injury Bdnf-AS Bdnf-AS shRNA In Primary retinal - Lentivirus Protection of retinal [91]
vitro ganglion cells ganglion cells against
(under oxygen and ischemia by raising BDNF
glucose levels
deprivation
conditions)
PD MAPT-AS1 MAPT-AS1 In SK-N-MC cellsand - Lipofectamine 2000 MAPT-AS1 and DNMT1 [92]
vitro HEK293 were found to be potential
regulators of MAPT
expression in PD across four
distinct regions of the brain.
The IncRNA can be used as a
biomarker of disease status
in PD and a potential
therapeutic target to inhibit
MAPT expression.
UCHL1-AS1 UCHL1-AS1 In MPP*-treated MPTP mouse - Induction of Uchll [93]
vitro iMNOD cells models overexpression (can be
and beneficial in
in neurodegenerative
vivo disorders.). The application

of AS Uchl1-based

(continued on next page)
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Disease Natural Treatment strategy In Cell line Animal model  Delivery Remarks Ref.
antisense vivo/
transcript In
vitro
medication can be used a
novel therapeutic strategy.
BDNF-AS BDNF-AS siRNA In MPP*-treated SH- MPTP mouse Lipofectamine 3000 (in Improved viability of SH- [94]
vitro SY5Y cells models vitro) and injection si-BDNF- SY5Y cell, inhibition of
and AS-1 and si-BDNF-AS-2 into autophagy and apoptotic
in the midbrain of PD mice (in cascade in mouse models
vivo vivo) via miR-125b-5p regulation
HD HTTAS v1 HTTAS v1 siRNA In HEK293 cells and - Lipofectamine 2000 Substantial reduction of [95]
vitro SH-SY5Y cells HTT expression, implying
that manipulation of
antisense expression can
have clinical implications.
ALS and FTD C9orf72-AS ASOs targeting In Neurons and glial C57BL/6 Single Administration of ASO [96]
antisense C9orf72 vitro cells mice intracerebroventricular reduced hexanucleotide
RNA (C9orf72-As) and (ICV) stereotactic injection repeat-containing RNAs and
and ASOs targeting in (in vivo) highlighted the potential
sense C9orf72 RNA vivo significance of targeting
expanded RNAs transcribed
in both directions.
SMA SMN-AS1 SMN-AS1 ASO and In HEK293T cells, SMA mice Subcutaneous injection In vitro: Targeted [97]
SMN2 Splice- vitro SMA patient cells, degradation of SMN-AS1
switching and and human with ASO increases the
oligonucleotides in neuroblastoma expression of SMN.
vivo cells
In vivo: Combination
therapy with SMN-AS1
ASOs and SMNZ2 Splice-
switching oligonucleotides
leads to amelioration of
SMA.
HNC TCAB1 TCAB1 shRNA In HSC-3 cells, Cal- shScra cells- Lentivirus Knockdown of TCAB1 [98]
(except vitro 27 cells, and ACC2  bearing mice significantly reduced cell
WRAP53a) and cells proliferation and invasion
in both in vitro and in vivo.
vivo Based on this study, TCAB1
may contribute to the
development of carcinomas
of head and neck. TCABI
can be a promising
prognostic biomarker or a
potential target for the
diagnosis and treatment of
neck and head carcinomas.
Different types TALAM1 TALAM1 ASO In Hela cells - - Knockdown of TALAM1 [99]
of cancers vitro results in defective 3’ end
cleavage reaction and
compromises MALATI
accumulation in the cell. On
the other hand, TALAM1
overexpression leads to the
facilitation of the cleavage
reaction. It is worth noting
that MALAT1 positively
regulates this transcript.
BC TALAM1 MALAT1/TALAM1 In MDA-MB-231 and MDA-MB-231 Lipofectamine RNAIMAX Considerably reduced [100]
Knock down by LNA  vitro MCF7 cells-bearing ability of breast cancer cells
and mice migration potential in vitro,
in reduced capacity to
vivo populate the lungs of
immunodeficient mice.
Gapmers
TALAM1 collaborates with
MALATI to regulate the
properties that guide the
aggressiveness and
malignancy of breast
cancer.
LPS-induced MFI2-AS1 MFI2-AS1 siRNA In C28/12 cells - Lipofectamine 2000 miR-130a-3p/TCF4- [101]
osteoarthritis vitro mediated Inhibition of LPS-

induced osteoarthritis
progression

Abbreviations: AD: Alzheimer’s disease; PD: Parkinson’s disease; HD: Huntington’s disease; ALS: Amyotrophic lateral sclerosis; FTD: Frontotemporal dementia; SMA:
Spinal muscular atrophy; HNC: Head and neck cancer; BC: Breast cancer; LPS: Lipopolysaccharide; ASO: Antisense Oligonucleotide; LNA: Locked nucleic acid; shRNA:
Short hairpin RNA; siRNA: Small interfering RNA; IncRNA: Long non-coding RNA.
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(specifically the e4 allele), which have been associated with increased
susceptibility to late-onset AD [125,126]. These genes and their protein
products have been proposed as potential therapeutic targets for AD
[125,127]. Apart from mutations in the aforementioned high penetrance
genes, NATs of several other genes have also been found to be associated
with AD, as described below.

4.1.1. BACEI-antisense RNA (BACEI1-AS)

BACEI-AS, first described by Faghihi et al. in 2008, is arguably the
best-known NAT in AD [128]. The NAT is transcribed from the opposite
strand of beta-site APP cleaving enzyme 1 (BACE1) on chromosome 11,
which encodes the p-secretase [128]. BACEI-AS is often found at an
elevated expression level in the parietal lobes and cerebellum of AD
patients and their plasma, hence making it a potential diagnostic
biomarker for AD [129,130]. Furthermore, the NAT has been shown to
participate in the concordant regulation of BACEI expression by
increasing its mRNA stability [83,118,128]. Consequently, increased
expression of BACEI-AS causes further accumulation of Af; 49 and
A1 42 via a feed-forward regulatory mechanism at the
post-transcriptional level.

It has been shown that BACEI-AS promotes neuronal damage
mediated by autophagy via the miR-214-3p/ATGS5 signaling axis and
may confer neurotoxicity by sponging microRNAs [118]. In addition, Ge
et al. reported that BACEI-AS negatively regulated miR-132-3p and
attenuated the protective effects of the latter against A®,5_35 accumu-
lation [85,86]. The researchers also demonstrated that the administra-
tion of berberine, which has a neuroprotective role in AD, reduced the
BACE1-AS level in vitro [86]. Besides, several other in vitro and in vivo
studies also demonstrated that knockdown of BACEI-AS using specific
siRNA could delay or reduce abnormal protein depositions in cell
models, promote the survival of primary neurons, and improve neuro-
genesis markers, memory, and learning behaviors [84,86,131,132]. A
very recent study also demonstrated that BACEI-AS silencing exerted its
protective effect in AD by inhibiting autophagy through the
miR-214-3p/ATGS5 signaling axis [85]. Taken together, knockdown of
BACE1-AS has shown promising results in alleviating the neuronal
damage seen in AD, and may therefore be a promising target for AD
therapy [128,131].

4.1.2. SOX21 antisense divergent transcript 1 (SOX21-AS1)

S0X21-AS1 is another NAT known to be associated with AD. This
NAT is transcribed from the 13q32.1 chromosomal locus and its tran-
script is 2986 nucleotides in length [133]. SOX21-AS1 has been shown to
be upregulated in cell culture models of AD, and may play a role in
regulating tau protein levels via the miR-107 pathway [88]. Thus,
knockdown of SOX21-AS1 has been shown to reverse the neuronal
damage induced by Af [88]. Further in vivo experiments found that
SO0X21-AS1 silencing could improve cell viability, hippocampus lesions,
learning, and memory abilities in mouse models of AD, presumably
through such mechanisms as inhibition of apoptosis, relief of oxidative
stress, and genetic regulation [88]. Although further works are war-
ranted to determine the clinical importance of SOX21-AS1 in AD, the
available in vitro and in vivo studies suggest that it may be a potential
target for AD therapy.

4.1.3. MAGI2 antisense RNA 3 (MAGI2-AS3)

Another NAT whose level is significantly increased in AD, both in
A®45_35-induced cell lines and in the serum samples of AD patients, is
MAGI2-AS3 [87]. This NAT is known to regulate the expression of
miR-374b-5p negatively. Furthermore, increased expression of MAG-
I2-AS3 is associated with neurotoxic and neuroinflammatory effects in
vitro. The overexpression of miR-374b-5p and siRNA-mediated knock-
down of this NAT enhanced cell survival and reduced A®5s5_3s-induced
neurotoxicity and neuroinflammation. Based on these facts, it can be
postulated that AD progression may be promoted via the MAGI2--
AS3/miR-374b-5p axis, and targeting this NAT may improve AD therapy

Biomedicine & Pharmacotherapy 145 (2022) 112265
[89].

4.1.4. MAPT antisense RNA 1 (MAPT-AS1)

Abnormal deposits of the tau protein represent one of the mecha-
nisms leading to AD. The tau protein is encoded by MAPT, which is
located on the 17q21.31 chromosomal locus. Earlier experiments on
human brain tissues and neuroblastoma cell lines had identified several
alternatively spliced NATs transcribed from the opposite strand of the
MAPT gene [134]. These NATs were demonstrated to diminish the
MAPT gene activity at the transcriptional and translational levels [134,
135]. One of these NATs is an 840-nucleotide long transcript named
MAPT-AS1, which has been shown to repress tau mRNA translation in
mouse models of AD [136]. In addition, the NAT is known to regulate
the MAPT level by forming a complementary base pairing between its 5’
region and the 3’ region of MAPT, specifically at the internal ribosome
entry site (IRES) and the mammalian-wide interspersed repeat (MIR)
element of the latter [135]. Recently, de Silva et al. showed that delivery
of full-length MAPT-AS1 vectors into the hippocampus of mice models
via an adeno-associated virus (AAV) resulted in a decrease of tau levels
by as much as 70% [136]. This suggests that augmentation of MAPT-AS1
may serve as a potential therapeutic approach to cure AD.

4.1.5. LRP1 antisense RNA (LRP1-AS)

LRPI1-AS was first described by Yamanaka et al. in 2015 [137]. It is
transcribed from the locus containing the LRP1 gene, which encodes the
low-density lipoprotein receptor-related protein 1 involved in the
clearance of A® deposits [137,138]. LRPI-AS has been shown to nega-
tively regulate the LRP1 expression, resulting in the accumulation of Ap
plaques in the brain of AD patients [137,139]. Therefore, targeting
LRP1-AS may serve as a potential therapeutic strategy for the treatment
of AD [137].

4.1.6. Antisense non-coding RNA in the INK4 locus (ANRIL)

ANRIL, also known as the cyclin-dependent kinase 4 inhibitor anti-
sense RNA (CDKN2B-AS), is a 3.8 kb-long NAT transcribed from the
9p21 locus [140]. The NAT is upregulated in the Af;_42-induced plaque
tissues, suggesting that it may play a role in the neurodegeneration of
AD. Knockdown of ANRIL has been shown to decrease cell viability,
suppress apoptosis, inhibit cytokine expression, and enhance neurite
outgrowth in cellular models of AD, indicating that it might be a good
target for AD therapy [90].

4.1.7. BDNF antisense RNA (BDNF-AS)

Brain-derived neurotrophic factor (BDNF) is a neurotrophin involved
in nerve cell growth and survival and is critical for neural development
[141]. It has been found to be downregulated in neurodegenerative
brain samples [142], and its antisense transcript (BDNF-AS, also known
as BDNF-0S) discordantly regulates its expression levels at the tran-
scriptional level, which subsequently influences the production of
BDNF-associated cytokines [91,143]. A recent study showed that inhi-
bition of BDNF-AS elevated the BDNF levels and subsequently promoted
the survival of retinal ganglion cells (RGCs) in ischemic conditions, as
well as increased neuronal outgrowth [91]. This indicates that targeting
BDNF-AS may be a feasible approach for AD therapy.

4.1.8. GDNF antisense RNA (GDNF-AS)

Glial cell line-derived neurotrophic factor (GDNF) is critical for the
development and normal functioning of the CNS [144]. Its down-
regulation has been observed in the serum samples of AD patients and
has been associated with AD pathogenesis [145]. GDNF-AS also referred
to as GDNFOS, is the NAT transcribed from the opposite strand of the
GDNF locus. Several isoforms of GDNF-AS have been identified, and they
have been shown to negatively regulate the level of GDNF [146]. In vitro
and in vivo experiments conducted by Modarresi et al. demonstrated
that knockdown of GDNF-AS resulted in a significant increase in the
level of GDNF and induced neurogenesis, thus making the NAT a
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potential therapeutic target for AD (Fig. 2) [143].
4.2. Parkinson’s disease (PD)

PD is another common type of neurodegenerative disease, with a
prevalence of approximately 100-200 cases per 100,000 individuals
[147]. Annually, more than 6 million people are diagnosed with PD
worldwide, making it the second most prevalent neurodegenerative
disease after AD [148]. A great majority of PD occurs in individuals
above 65 years old, and the disease is slightly more prevalent in men
than women [147]. The main histological feature of PD is the formation
of Lewy bodies, which are a marker of neuronal degeneration [149]. The
disease is characterized by movement impairments and cognitive dys-
functions, including tremor and bradykinesia caused by the loss of brain
dopaminergic neurons. Thus, the aim of current therapeutic regimens
focuses on improving the secretion of dopamine in the brain.

Numerous environmental and metabolic risk factors have been
identified for PD, including but not limited to cigarette smoking, alcohol
consumption, vitamin D exposure, and urate levels [147]. However,
these environmental and metabolic risk factors explain only a subset of
the cases, and it has been hypothesized that genetic risk factors play an
equally important role in the pathogenesis of PD [150]. The genetic
heritability of PD is estimated to be approximately 22% [151]. Over the
past decades, several genes have been found to be associated with PD
(many of which overlap with AD). These include MAPT, UCHL1, BDNF,
CDKN2B, PINK1, PARK1, and PARK2. More recently, the role of NATSs of
some of the genes mentioned above in PD has become increasingly
evident [80].

4.2.1. MAPT antisense RNA 1 (MAPT-AS1)

Similar to AD, the abnormal accumulation of tau protein in the brain
is also responsible for the pathogenesis of PD [152]. Thus, MAPT-AS1,
which discordantly regulates the tau-encoding gene MAPT, serves as a
potential therapeutic target for PD. An in vitro study on cellular models
of PD demonstrated that MAPT-ASI exhibited its inhibitory effect via
promoter methylation of MAPT gene, which provides a similar neuro-
protective effect as vitamin E [92].
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4.2.2. UCHLI antisense RNA 1 (UCHL1-AS1)

Ubiquitin carboxy-terminal hydrolase L1 (UCHL1) is one of the most
abundant proteins in the brain. The protein plays a crucial role in the
development of the nervous system by regulating the turnover of ubig-
uitin. Thus, in many neurodegenerative diseases, including PD, the
protein is downregulated [93]. UCHLI-AS1, a NAT transcribed from the
opposite strand of the UCHLI gene, is known to stabilize the UCHL1
mRNA, which helps to ensure a high cellular level of UCHL1. Down-
regulation of both UCHL1 and UCHLI-AS1 has been observed in
neurochemical PD models; hence, targeting the NAT may represent a
new therapeutic strategy in PD [93].

4.2.3. BDNF antisense RNA (BDNF-AS)

BDNF-AS is known to be upregulated in PD, both in vitro and in vivo,
which led to increased cellular apoptosis and autophagy. The NAT is a
negative regulator of BDNF, which plays a crucial role in improving the
survival of dopaminergic neurons, dopaminergic neurotransmission,
and motor performance in PD [153]. A recent study has therefore
investigated the effects of BDNF-AS knockdown on PD and their un-
derlying molecular mechanisms. It was shown that BDNF-AS knockdown
could increase the level of miR-125b-5p, which contributed to enhanced
cell viability and suppressed autophagy and apoptosis, indicating that
the NAT could be a potential therapeutic target for PD [94].

4.3. Huntington’s disease (HD)

HD is a hereditary neurodegenerative disorder with autosomal
dominant inheritance characterized by variable clinical manifestations,
notably choreic movements. The disease is caused by a CAG trinucleo-
tide repeat expansion in the first exon of the huntingtin (HTT) gene
located on chromosome 4p16.3. The wild-type huntingtin protein reg-
ulates the transcription of BDNF, which is necessary for the survival of
striatal neurons [154]. However, the abovementioned trinucleotide
repeat sequence results in the production of a dysfunctional HTT protein
which interferes with the delivery of BDNF to the striatum, thereby
causing the disease [155]. Given the important role of HTT and BDNF in
HD, NATSs of these two genes have been linked to the pathogenesis of the
disease.
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Fig. 2. NATs in Alzheimer’s disease. The NATs mainly affect miRNA expression in AD. Furthermore, tau protein and amyloid-beta levels, as factors involved in AD,
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4.3.1. HTT antisense RNA (HTT-AS)

Two alternatively spliced isoforms of HTT-AS are known to be
transcribed from the HTT locus, namely the HTT-AS_v1, which contains
exons 1 (including the CAG trinucleotide repeat) and 3, and HTT-AS v2,
which contains exons 2 and 3 [156]. Both isoforms of the HTT NAT
undergo 5°capping and poly-A tailing during maturation. The role of
HTT-AS v2 in HD is poorly understood, as it appeared to have limited
function in regulating the level of HTT. On the other hand, HTT-AS v1
has been demonstrated to negatively regulate HTT transcription in vitro
[95]. Moreover, siRNA knockdown of HTT-AS_v1 was found to promote
HTT transcription. Thus, overexpressing HTT-AS vl may potentially
decrease the pathogenic HTT transcript levels and reverse HD patients’
symptoms [95].

4.4. Amyotrophic lateral sclerosis (ALS) and frontotemporal dementia
(FTD)

ALS and FTD are two neurodegenerative diseases that are highly
similar in terms of clinical and pathological presentations. From the
genetics perspective, both diseases are caused by an expanded GGGGCC
hexanucleotide repeat in the intron 1 of the C9orf72 gene located on
chromosome 9p21 [157]. It has been shown that both ALS and FTD
patients have an increased level of C9orf72 antisense RNA (C9orf72-AS)
in their brains [158]. Moreover, elevated levels of both C9orf72 and its
NAT have been observed in the blood samples of the patients. These
findings indicate that bidirectional transcription is a hallmark of ALS
and FTD pathology [159]. Therefore, targeting the C9orf72-AS may be
helpful in the treatment of ALS/FTD [96].

4.5. Spinal muscular atrophy (SMA)

SMA is an autosomal recessive neuromuscular disease involving the
degeneration of alpha motor neurons, which eventually leads to pro-
gressive proximal muscle weakness and paralysis. It is estimated that 1
in 6000-10,000 newborns are affected by the diseases. SMA is caused by
the homozygous loss of the survival motor neuron 1 (SMN1) gene
located on chromosome 5q13 [97,160]. Patients with SMA retain vari-
able copies of the highly homologous SMN2 gene present on the same
chromosomal locus, and the severity of the disease is inversely corre-
lated to the SMN2 copy number [161]. Recently, a NAT of the SMN
genes has been described [97]. The NAT denoted SMN-ASI, is tran-
scribed from the first intron of the SMN genes and can repress the
expression of the SMN locus by binding and subsequently recruiting the
polycomb repressive complex-2 (PRC2) to the transcription start site of
the SMN gene [97]. Knockdown of SMN-ASI was demonstrated to in-
crease SMN1 expression in vitro and in vivo [97]. More importantly,
combination treatment using antisense oligonucleotide (ASO) against
SMN-AS1 (SMN-AS1 ASO) and splice-switching oligonucleotide (SSO)
for SMN2 (SMNZ2 SSO) promoted survival, increased body weight, and
improved motor behavior in SMA mice, suggesting that knockdown of
SMN-AS1 could represent a potential therapeutic strategy for SMA [97].

Apart from that, expression of the SMN protein can be enhanced by
inhibiting the scavenger decapping enzyme DcpS, which hydrolyzes the
m7GpppN cap on the 5’ end of mRNAs as part of the RNA degradation
machinery [162,163]. A NAT of the DCSP gene has recently been
described [164]. The NAT, called NATTD (natural antisense transcript to
both TIRAP/Mai and DcpS), concordantly regulates the DcpS tran-
scription through epigenetic mechanisms [164]. Thus, theoretically,
targeting NATTD can inhibit DcpS, which in turn increases SMN protein
level and ameliorates SMA. Nonetheless, this hypothesis warrants
further investigations.

4.6. Spinocerebellar ataxia type 8 (SCA8)

SCAS8 is a very slowly progressive neurodegenerative disease that is
inherited in an autosomal dominant manner. The major clinical
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presentations of the affected individuals include gait, limb, speech, oc-
ulomotor incoordination, muscle tightness, and sensory impairment
[165,166]. SCA8 is caused by an inherited repeat expansion in the ataxin
8 (ATXNS8) gene and its antisense counterpart, ATXN8OS. The exact
molecular mechanisms leading up to SCA8 pathogenesis are not fully
understood, but it has been postulated that the repeat expansion in
ATXNB8OS interferes with its ATXN8 regulatory functions [167]. Thus,
targeting the ATXN8OS NAT may have significant therapeutic potential.

4.7. Fragile X syndrome (FXS) and fragile X-associated tremor and
ataxia syndrome (FXTAS)

Fragile X syndrome (FXS) is an X-linked genetic disorder character-
ized by a mild-to-moderate form of mental retardation and learning
disability. It is caused by a CGG repeat expansion in the 5’ untranslated
region (UTR) of the FMR1 gene, which leads to transcriptional silencing
of the gene via DNA methylation [168]. On the other hand, fragile
X-associated tremor and ataxia syndrome (FXTAS) is a late-onset
movement disorder affecting premutation carriers of the same gene. In
contrast to FXS, FMR1 expression is found to be increased in FXTAS
patients [169]. In 2007, a NAT of FMR1 was described. This NAT, named
FMR1-AS1, is an anti-apoptosis factor, and its expression is silenced in
FXS and overexpressed in FXTAS patients (Fig. 3) [169,170]. The vari-
able level of expression of this NAT in FXS and FXTAS suggests that it
might play a role in the pathology of the disorders, thus making it a
potential target for therapy.

5. NATs in cancers

Cancer is a disease characterized by the uncontrolled growth of cells
in the body [171-175]. It is one of the most common causes of morbidity
and death globally. In 2018 alone, more than 18 million individuals
were diagnosed with the disease, and close to 10 million cancer-related
deaths were reported [176]. At the molecular level, cancer is essentially
a disease of dysregulated gene expression [177-180]. Therefore, regu-
lators of gene expression, including NATs, have been increasingly
studied for their roles in various cancers [181]. Cancer cells are
consensually defined by eight biological hallmarks, namely (i) suste-
nance of proliferative signaling, (ii) evasion of growth suppressor, (iii)
avoidance of immune destruction, (iv) enablement of replicative
immortality, (v) activation of invasion and metastasis, (vi) inducement
of angiogenesis, (vii) resistance to cell death, and (viii) deregulation of
cellular energetics [182-187]. NATs have been shown to be involved in
each of these biological hallmarks, making them a potentially relevant
target for cancer therapy [81].

5.1. WD40-encoding RNA antisense to p53 (WRAP53)

TP53, which encodes for the tumor suppressor protein p53, is the
most commonly mutated gene in human cancers [188,189]. A NAT for
the TP53 gene, named WD40-encoding RNA antisense to p53
(WRAP53), was described in 2009 [190]. There are three isoforms of
WRAP53, namely WRAP53a, WRAP53$, and WRAP53y, which are
respectively transcribed in an antisense direction from the 1o, 14 and 1y
exon of the TP53 gene [190]. The WRAP53a isoform is known to sta-
bilize the TP53 mRNA by forming an RNA duplex with it, thereby pre-
venting the mRNA from degradation [190]. Alterations to WRAP53a can
therefore reduce TP53 expression and contribute to tumorigenesis. In
non-small cell lung cancer (NSCLC), for example, methylation of
WRAP53a promoter has been documented and found to be associated
with worse overall survival [191]. It is also interesting to note that
cisplatin, a chemotherapeutic agent, was found to induce apoptosis in
osteosarcoma cells by upregulating WRAP53a [192]. These observations
suggest that WRAP53a could be a promising target for cancer therapy.

Compared to WRAP53a, the molecular mechanisms linking
WRAP53 and WRAP53y to cancer are less well understood, as their
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influence on the p53 level was not observed in knockdown and over-
expression experiments [191]. Nonetheless, WRAP53f overexpression
has been observed in head and neck cancer, esophageal squamous cell
carcinoma, and rectal cancer [193,194], and knockdown of WRAP53p
was found to reduce the proliferative potential and invasiveness of
cancer cells in vitro. In addition, depletion of the NAT has also been
shown to suppress tumor formation in mice [98]. Hence, there is a huge
potential of targeting the NAT for cancer treatment.

5.2. HIF1A antisense RNA 2 (HIF1A-AS2)

Since cancer cells proliferate at an elevated rate, oxygen supply be-
comes rapidly depleted, and cancer cells commonly suffer from hypoxia
[195-197]. One of the genes that are being upregulated in response to
hypoxia is HIFIA, which encodes hypoxia-inducible factor 1 alpha
(HIF-1a). HIF-1a is a transcription factor that activates cell proliferation,
angiogenesis, and a series of other cancer-related pathways under low
oxygen conditions [198-200]. The HIF1A locus also transcribes a NAT,
named HIF1A-AS2 (previously known as a HIF), which negatively reg-
ulates the HIF-1a level [201,202]. Expression of HIF1A-AS2 has been
observed in many cancer types, including breast, renal and gastric
cancers, and has been correlated with a poor prognosis [202-204].
Recently, it was observed that ovarian cancer cells treated with SC144
(an anticancer drug belonging to the small-molecule gp30 inhibitor
class) induced the transcription of HIFIA-AS2 and hence, decreased
HIF-1a levels [205]. This suggests that HIF1A-AS2 may serve as a target
in cancer therapy.

5.3. HOXA11 antisense RNA (HOXA11-AS) and HOX antisense
intergenic RNA (HOTAIR)

HOX genes are a family of transcription factors that play a major role
in cellular signaling, differentiation, apoptosis, and many other cancer-
related pathways [206]. In humans, four HOX gene clusters have been
identified, including HOXA, HOXB, HOXC, and HOXD. The HOXA and
HOXC loci respectively harbor HOXA11-AS and HOTAIR NATs, which
have been frequently implicated in oncogenesis. Both NATs are known
to regulate gene expressions in both cis and trans manners. They have

;/// @—FXS

FMR1-AS1 @——FXTAS

both nucleus and cytoplasm. Furthermore, proliferation, cell cycle progression

also been found in both the nucleus and cytoplasm, suggesting that they
can regulate gene expression through multiple mechanisms. In the nu-
cleus, for example, both NATs of HOX genes are known to modulate the
recruitment of PRC2, a histone methylase, and lysine-specific deme-
thylase 1A (LSD1, a histone demethylase) to the promoter of their target
genes and can therefore epigenetically regulate gene expression [207,
208]. In the cytoplasm, on the other hand, both NATSs are known to act
as miRNA sponges to regulate target gene expression [209,210]. Dys-
regulations of HOXA11-AS and HOTAIR have been observed in many
cancer types and are associated with a poor prognosis [207,211-220]. In
addition, the knockdown of these two NATSs has been shown to reverse
many cancer-related phenotypes, making them ideal targets for cancer
therapy [212,215,219].

5.4. MALATI antisense RNA (TALAM1)

Metastasis-associated lung adenocarcinoma transcript 1 (MALATI) is a
IncRNA located on chromosome 11q13. The IncRNA was first identified
in early-stage NSCLC patients with a higher risk of metastasis [221].
MALATI is known to modulate the alternative splicing process and
regulate gene expression at the transcriptional and post-transcriptional
levels [222]. The IncRNA has also been found to be overexpressed in
many cancer types, suggesting that it could participate in various
cancer-related pathways [223-226]. The expression level of MALATI is
regulated by, among others, its NAT, which is known as TALAM1 [99].
TALAM1 is also concordantly regulated by MALATI; thus, the two
IncRNAs form a feed-forward expression loop to ensure a continuously
high cellular level during cancer progression. In vitro and in vivo works
have demonstrated that knockdown of TALAMI could significantly
impair the ability of cancer cells to proliferate and migrate. Therefore,
TALAM1 shows therapeutic potential for cancer (Fig. 4) [99,100].

6. NATs in other diseases

NATs have also been implicated in a variety of other diseases. In the
tetralogy of Fallot, for example, T-box transcription factor 5 (TBX5)
antisense RNA 1 (TBX5-AS1) was shown to be downregulated along with
its sense transcript, TBX5 [227]. The NAT concordantly regulates TBX5
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expression by affecting its mRNA stability through the formation of the
RNA duplex. Although the exact function of TBX5-AS1 in cardiac
development remains to be elucidated, knockdown of TBX5-AS1 by
shRNA lentivirus was found to significantly decrease cell proliferation in
TOF, suggesting that targeting the NAT may be a feasible therapeutic
approach in disorder. Besides, in osteoarthritis, an increased expression
of NAT MFI2-AS1 has been reported. Knockdown of MFI2-AS1 in vitro
was found to increase cell viability and ameliorate
lipopolysaccharide-induced arthritis [101]. This suggests that MFI2-AS1
could be a potential target for osteoarthritis treatment. Similarly, in
atherosclerosis, ZEB1 antisense RNA 1 (ZEB1-AS1) has been shown to
promote oxidized low-density lipoprotein (ox-LDL)-induced injury
(which represents a key contributor to the development of atheroscle-
rosis) by targeting miR-942 [228]. This observation may indicate the
possible use of the NAT as a target in the treatment of atherosclerosis.

7. Conclusions and future perspectives

NATs have a multifaceted role in the regulation of the ncRNA
network, which is critically important in biological processes. In recent
years, many studies have reported that NATs are dysregulated in various
human diseases, including several cancers and neurodegenerative dis-
orders. There are several advantages of targeting NATSs in the treatment
of cancer and neurodegenerative disorders. First, most NATs have high
target specificity as they regulate only their sense genes in a cis-manner.
This ensures that off-target gene regulation is minimal, if it exists at all.
Besides, targeting NATs mimics the natural cellular environment closer
than targeting protein-coding genes. This can be exemplified by BACE],
whose direct inhibition can lead to disruptions to the functionalities of
the protein product and causes undesirable side effects [229,230].
Targeting BACE1-AS, on the other hand, not only led to the reduction of
BACE] levels, but also reduced abnormal AP depositions in AD, as
described above [128].

However, we need to overcome several limitations or challenges
before the therapeutic potential of the NATs can be fully exploited. For
example, there are also several NATs that participate in the trans-regu-
lation of a large number of genes. Thus, while targeting a NAT may
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restore the expression of certain genes to an optimal level, it remains
possible that the approach would lead to dysregulation of other genes at
the same time. Besides, many NATSs contain overlapping sequences with
their sense counterparts. Hence, it is important to ensure that the mol-
ecules used for targeting the NATs would not unintentionally act on their
sense counterparts [81].

Apart from that, genetic polymorphisms have long been associated
with disease susceptibility, presumably by influencing the expression
and/or functionality of the protein product [231-239]. Since genetic
polymorphisms could also occur in antisense genes, it would be inter-
esting to see whether these polymorphisms have any functional impact
on the NATs transcribed. Among the NATs described above, only
HOTAIR polymorphisms have been regularly investigated concerning
their relationship with disease susceptibility [240-245]. It is imperative
that polymorphisms in other antisense genes be extensively evaluated in
future studies to determine whether the functions and therapeutic po-
tential of these NATs could be affected by the DNA sequence variations.

In summary, NATs are highly promising targets for therapy of many
diseases. However, a complete understanding of their functions, mech-
anisms, and physiological consequences is crucial before NAT-targeting
technologies can be widely used in the clinical setting.

Funding
None.
CRediT authorship contribution statement

Shahin Aghamiri: Conceptualization, Supervision, Writing — orig-
inal draft. Sajad Najafi: Writing — original draft. Shing Cheng Tan:
Writing — original draft. Pourya Raee: Writing — review & editing,
Figure drawing. Yazdan Rahmati: Writing - review & editing,
Figure drawing. Yahya Asemani: Writing — review & editing,
Figure drawing. E Hui Clarissa Lee: Writing — review & editing. Kia-
vash Hushmandi: Writing — review & editing. Amir Reza Aref: Project
administration. Milad Ashrafizadeh: Finalized the manuscript for
submission. Alan Prem Kumar: Finalized the manuscript for

@® —> Activation/ Upregulation
®—— Inhibition/ Down-regulation
—a@ Stabilization

000
R =
Q 580 - 9@
s s
\ LncRNA MALATL
NS
HIF1A-AS2
T L@/ NS
) — TALAM1
/ / y, rolireration
A i
g \4
e Y T S = TN N TR N T,
TP53 gene HIF1A gene HOX genes Fﬁ)x(lli\s
(HOXA, HOXB, HOXC, and HOXD) HOTAIR
Cytoplasm Nucleus k \

Fig. 4. Several NATs play significant roles in cancer proliferation, progression, and metastasis. TALAM1 directly interacts with MALATI leading to cancer pro-
gression and angiogenesis. HIF1A-AS2 negatively regulates HIF1A. SC144 can induce HIF1A-AS2 expression resulting in inhibition of proliferation and angiogenesis.
Using cisplatin, a chemotherapeutic agent can upregulate the expression of WRAP53aq, leading to apoptosis induction by stabilizing the TP53 mRNA. HOXA11-AS and
HOTAIR are important contributors to the regulation of cancer-related gene expression, which can lead to tumorigenesis and progression.

10



S. Najafi et al.

submission. Yavuz Nuri Ertas: Writing — review & editing. Sepideh
Ghani: Writing - review & editing. Ali Zarrabi: Supervision.

Conflict of interest statement

The authors declare that no competing interests exist.

Acknowledgements

The authors acknowledge the Shahid Beheshti University of Medical
Sciences for their supports.

References

[1]
[2]

[3

—

[4]
[5]

[6]

[7

—

(8]

[9

—

[10]

[11]

[12]

[13]

[14]

F. Crick, Central dogma of molecular biology, Nature 227 (5258) (1970)
561-563.

M. Pertea, The human transcriptome: an unfinished story, Genes 3 (3) (2012)
344-360.

S. Djebali, C.A. Davis, A. Merkel, A. Dobin, T. Lassmann, A. Mortazavi, A. Tanzer,
J. Lagarde, W. Lin, F. Schlesinger, C. Xue, G.K. Marinov, J. Khatun, B.A. Williams,
C. Zaleski, J. Rozowsky, M. Roder, F. Kokocinski, R.F. Abdelhamid, T. Alioto,

I. Antoshechkin, M.T. Baer, N.S. Bar, P. Batut, K. Bell, I. Bell, S. Chakrabortty,
X. Chen, J. Chrast, J. Curado, T. Derrien, J. Drenkow, E. Dumais, J. Dumais,

R. Duttagupta, E. Falconnet, M. Fastuca, K. Fejes-Toth, P. Ferreira, S. Foissac, M.
J. Fullwood, H. Gao, D. Gonzalez, A. Gordon, H. Gunawardena, C. Howald,

S. Jha, R. Johnson, P. Kapranov, B. King, C. Kingswood, O.J. Luo, E. Park,

K. Persaud, J.B. Preall, P. Ribeca, B. Risk, D. Robyr, M. Sammeth, L. Schaffer, L.
H. See, A. Shahab, J. Skancke, A.M. Suzuki, H. Takahashi, H. Tilgner, D. Trout,
N. Walters, H. Wang, J. Wrobel, Y. Yu, X. Ruan, Y. Hayashizaki, J. Harrow,

M. Gerstein, T. Hubbard, A. Reymond, S.E. Antonarakis, G. Hannon, M.

C. Giddings, Y. Ruan, B. Wold, P. Carninci, R. Guigo, T.R. Gingeras, Landscape of
transcription in human cells, Nature 489 (7414) (2012) 101-108.

J.-M. Claverie, Fewer genes, more noncoding RNA, Science 309 (5740) (2005)
1529-1530.

P. Carninci, T. Kasukawa, S. Katayama, J. Gough, M.C. Frith, N. Maeda,

R. Oyama, T. Ravasi, B. Lenhard, C. Wells, R. Kodzius, K. Shimokawa, V.B. Bajic,
S.E. Brenner, S. Batalov, A.R. Forrest, M. Zavolan, M.J. Davis, L.G. Wilming,

V. Aidinis, J.E. Allen, A. Ambesi-Impiombato, R. Apweiler, R.N. Aturaliya, T.

L. Bailey, M. Bansal, L. Baxter, K.W. Beisel, T. Bersano, H. Bono, A.M. Chalk, K.
P. Chiu, V. Choudhary, A. Christoffels, D.R. Clutterbuck, M.L. Crowe, E. Dalla, B.
P. Dalrymple, B. de Bono, G. Della Gatta, D. di Bernardo, T. Down, P. Engstrom,
M. Fagiolini, G. Faulkner, C.F. Fletcher, T. Fukushima, M. Furuno, S. Futaki,

M. Gariboldi, P. Georgii-Hemming, T.R. Gingeras, T. Gojobori, R.E. Green,

S. Gustincich, M. Harbers, Y. Hayashi, T.K. Hensch, N. Hirokawa, D. Hill,

L. Huminiecki, M. lacono, K. Ikeo, A. Iwama, T. Ishikawa, M. Jakt, A. Kanapin,
M. Katoh, Y. Kawasawa, J. Kelso, H. Kitamura, H. Kitano, G. Kollias, S.

P. Krishnan, A. Kruger, S.K. Kummerfeld, I.V. Kurochkin, L.F. Lareau,

D. Lazarevic, L. Lipovich, J. Liu, S. Liuni, S. McWilliam, M. Madan Babu,

M. Madera, L. Marchionni, H. Matsuda, S. Matsuzawa, H. Miki, F. Mignone,

S. Miyake, K. Morris, S. Mottagui-Tabar, N. Mulder, N. Nakano, H. Nakauchi,
P. Ng, R. Nilsson, S. Nishiguchi, S. Nishikawa, F. Nori, O. Ohara, Y. Okazaki,
V. Orlando, K.C. Pang, W.J. Pavan, G. Pavesi, G. Pesole, N. Petrovsky, S. Piazza,
J. Reed, J.F. Reid, B.Z. Ring, M. Ringwald, B. Rost, Y. Ruan, S.L. Salzberg,

A. Sandelin, C. Schneider, C. Schonbach, K. Sekiguchi, C.A. Semple, S. Seno,

L. Sessa, Y. Sheng, Y. Shibata, H. Shimada, K. Shimada, D. Silva, B. Sinclair,

S. Sperling, E. Stupka, K. Sugiura, R. Sultana, Y. Takenaka, K. Taki, K. Tammoja,
S.L. Tan, S. Tang, M.S. Taylor, J. Tegner, S.A. Teichmann, H.R. Ueda, E. van
Nimwegen, R. Verardo, C.L. Wei, K. Yagi, H. Yamanishi, E. Zabarovsky, S. Zhu,
The transcriptional landscape of the mammalian genome, Science 309 (5740)
(2005) 1559-1563.

M. Pertea, A. Shumate, G. Pertea, A. Varabyou, F.P. Breitwieser, Y.C. Chang, A.
K. Madugundu, A. Pandey, S.L. Salzberg, CHESS: a new human gene catalog
curated from thousands of large-scale RNA sequencing experiments reveals
extensive transcriptional noise, Genome Biol. 19 (1) (2018) 208.

R.J. Taft, M. Pheasant, J.S. Mattick, The relationship between non-protein-coding
DNA and eukaryotic complexity, BioEssays 29 (3) (2007) 288-299.

M.E. Donaldson, B.J. Saville, Natural antisense transcripts in fungi, Mol.
Microbiol. 85 (3) (2012) 405-417.

C. Vanhée-Brossollet, C. Vaquero, Do natural antisense transcripts make sense in
eukaryotes? Gene 211 (1) (1998) 1-9.

M. Winkle, S.M. El-Daly, M. Fabbri, G.A. Calin, Noncoding RNA therapeutics —
challenges and potential solutions, Nat. Rev. Drug Discov. 20 (2021) 629-651.
Z. Ebrahimi, S. Talaei, S. Aghamiri, N.H. Goradel, A. Jafarpour, B. Negahdari,
Overcoming the blood-brain barrier in neurodegenerative disorders and brain
tumours, IET Nanobiotechnol. 14 (2020) 441-448.

S. Aghamiri, P. Raee, S. Shahmohamadnejad, S. Shabani, J. Ghorbani, M. Sameni,
M.T. Ebrahimi, Recent advances in siRNA delivery systems for prostate cancer
therapy, Curr. Pharm. Biotechnol. (2021).

Aghamiri, S., et al., Non-viral siRNA delivery systems for pancreatic cancer
therapy. Biotechnology and Bioengineering, 2021. n/a(n/a).

M.S. Ong, W. Cai, Y. Yuan, H.C. Leong, T.Z. Tan, A. Mohammad, M.L. You,

F. Arfuso, B.C. Goh, S. Warrier, G. Sethi, N.S. Tolwinski, P.E. Lobie, C.T. Yap, S.

11

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Biomedicine & Pharmacotherapy 145 (2022) 112265

C. Hooi, R.Y. Huang, A.P. Kumar, ‘Lnc’-ing Wnt in female reproductive cancers:
therapeutic potential of long non-coding RNAs in Wnt signalling, Br. J. Pharm.
174 (24) (2017) 4684-4700.

Z. Ma, Y.Y. Wang, H.W. Xin, L. Wang, F. Arfuso, A. Dharmarajan, A.P. Kumar,
H. Wang, F.R. Tang, S. Warrier, V. Tergaonkar, G. Sethi, The expanding roles of
long non-coding RNAs in the regulation of cancer stem cells, Int J. Biochem Cell
Biol. 108 (2019) 17-20.

S. Mishra, S.S. Verma, V. Rai, N. Awasthee, S. Chava, K.M. Hui, A.P. Kumar, K.
B. Challagundla, G. Sethi, S.C. Gupta, Long non-coding RNAs are emerging targets
of phytochemicals for cancer and other chronic diseases, Cell Mol. Life Sci. 76
(10) (2019) 1947-1966.

X. Chen, F.R. Tang, F. Arfuso, W.Q. Cai, Z. Ma, J. Yang, G. Sethi, The emerging
role of long non-coding RNAs in the metastasis of hepatocellular carcinoma,
Biomolecules 10 (2019) 1.

S. Mirzaei, A. Zarrabi, F. Hashemi, A. Zabolian, H. Saleki, A. Ranjbar, S.H. Seyed
Saleh, M. Bagherian, S.O. Sharifzadeh, K. Hushmandi, A. Liskova, P. Kubatka,
P. Makvandi, V. Tergaonkar, A.P. Kumar, M. Ashrafizadeh, G. Sethi, Regulation of
Nuclear Factor-KappaB (NF-kB) signaling pathway by non-coding RNAs in cancer:
inhibiting or promoting carcinogenesis? Cancer Lett. 509 (2021) 63-80.

M. Ashrafizadeh, A. Zarrabi, S. Orouei, A. Zabolian, H. Saleki, N. Azami, A.

K. Bejandi, S. Mirzaei, M.N. Janaghard, K. Hushmandi, N. Nabavi, B. Baradaran,
A.P. Kumar, P. Makvandi, S. Samarghandian, H. Khan, M.R. Hamblin, Interplay
between SOX9 transcription factor and microRNAs in cancer, Int. J. Biol.
Macromol. 183 (2021) 681-694.

K. Rishabh, S. Khadilkar, A. Kumar, I. Kalra, A.P. Kumar, A.B. Kunnumakkara,
MicroRNAs as modulators of oral tumorigenesis-a focused review, Int. J. Mol. Sci.
22 (2021) 5.

S. Mirzaei, M.K. Mahabady, A. Zabolian, A. Abbaspour, P. Fallahzadeh, M. Noori,
F. Hashemi, K. Hushmandi, S. Daneshi, A.P. Kumar, A.R. Aref, S. Samarghandian,
P. Makvandi, H. Khan, M.R. Hamblin, M. Ashrafizadeh, A. Zarrabi, Small
interfering RNA (siRNA) to target genes and molecular pathways in glioblastoma
therapy: current status with an emphasis on delivery systems, Life Sci. 275
(2021), 119368.

A.J. Abadi, A. Zarrabi, M.H. Gholami, S. Mirzaei, F. Hashemi, A. Zabolian,

M. Entezari, K. Hushmandi, M. Ashrafizadeh, H. Khan, A.P. Kumar, Small in size,
but large in action: micrornas as potential modulators of PTEN in breast and lung
cancers, Biomolecules 11 (2021) 2.

S. Aghamiri, S. Talaei, S. Roshanzamiri, F. Zandsalimi, E. Fazeli, M. Aliyu,

O. Kheiry Avarvand, Z. Ebrahimi, M. Keshavarz-Fathi, H. Ghanbarian, Delivery of
genome editing tools: a promising strategy for HPV-related cervical malignancy
therapy, Expert Opin. Drug Deliv. 17 (6) (2020) 753-766.

M. Ashrafizadeh, K. Hushmandi, M. Hashemi, M.E. Akbari, P. Kubatka, M. Raei,
L. Koklesova, M. Shahinozzaman, R. Mohammadinejad, M. Najafi, G. Sethi, A.
P. Kumar, A. Zarrabi, Role of microRNA/Epithelial-to-mesenchymal transition
axis in the metastasis of bladder cancer, Biomolecules 10 (2020) 8.

M. Ashrafizadeh, H.L. Ang, E.R. Moghadam, S. Mohammadi, V. Zarrin,

K. Hushmandi, S. Samarghandian, A. Zarrabi, M. Najafi, R. Mohammadinejad, A.
P. Kumar, MicroRNAs and their influence on the ZEB family: mechanistic aspects
and therapeutic applications in cancer therapy, Biomolecules 10 (2020) 7.

R.J. Taft, K.C. Pang, T.R. Mercer, M. Dinger, J.S. Mattick, Non-coding RNAs:
regulators of disease, J. Pathol. 220 (2) (2010) 126-139.

S.C. Tan, P.Y. Lim, J. Fang, M. Mokhtar, E. Hanif, R. Jamal, Association between
MIR499A 153746444 polymorphism and breast cancer susceptibility: a meta-
analysis, Sci. Rep. 10 (1) (2020) 3508.

S. Mirzaei, A. Zarrabi, F. Hashemi, A. Zabolian, H. Saleki, A. Ranjbar, S.H. Seyed
Saleh, M. Bagherian, S.O. Sharifzadeh, K. Hushmandi, A. Liskova, P. Kubatka,
P. Makvandi, V. Tergaonkar, A.P. Kumar, M. Ashrafizadeh, G. Sethi, Regulation of
Nuclear Factor-KappaB (NF-kB) signaling pathway by non-coding RNAs in cancer:
inhibiting or promoting carcinogenesis? Cancer Lett. 509 (2021) 63-80.

M. Ashrafizadeh, A. Zarrabi, S. Orouei, A. Zabolian, H. Saleki, N. Azami, A.

K. Bejandi, S. Mirzaei, M.N. Janaghard, K. Hushmandi, N. Nabavi, B. Baradaran,
A.P. Kumar, P. Makvandi, S. Samarghandian, H. Khan, M.R. Hamblin, Interplay
between SOX9 transcription factor and microRNAs in cancer, Int. J. Biol.
Macromol. 183 (2021) 681-694.

S. Ashrafizaveh, M. Ashrafizadeh, A. Zarrabi, K. Husmandi, A. Zabolian,

M. Shahinozzaman, A.R. Aref, M.R. Hamblin, N. Nabavi, F. Crea, Y. Wang, K.

S. Ahn, Long non-coding RNAs in the doxorubicin resistance of cancer cells,
Cancer Lett. (2021).

M. Ashrafizadeh, M.H. Gholami, S. Mirzaei, A. Zabolian, A. Haddadi, M.

V. Farahani, S.H. Kashani, K. Hushmandi, M. Najafi, A. Zarrabi, K.S. Ahn,

H. Khan, Dual relationship between long non-coding RNAs and STAT3 signaling
in different cancers: new insight to proliferation and metastasis, Life Sci. 270
(2021), 119006.

A.J. Abadi, A. Zarrabi, F. Hashemi, A. Zabolian, M. Najafi, M. Entezari,

K. Hushmandi, A.R. Aref, H. Khan, P. Makvandi, S. Ashrafizaveh, T. Farkhondeh,
M. Ashrafizadeh, S. Samarghandian, M.R. Hamblin, The role of SOX family
transcription factors in gastric cancer, Int. J. Biol. Macromol. 180 (2021)
608-624.

S. Mirzaei, A. Zarrabi, S.E. Asnaf, F. Hashemi, A. Zabolian, K. Hushmandi,

M. Raei, M. Goharrizi, P. Makvandi, S. Samarghandian, M. Najafi,

M. Ashrafizadeh, A.R. Aref, M.R. Hamblin, The role of microRNA-338-3p in
cancer: growth, invasion, chemoresistance, and mediators, Life Sci. 268 (2021),
119005.

M. Ashrafizadeh, A. Zarrabi, S. Orouei, H. Kiavash, A. Hakimi, Z. Amirhossein,
S. Daneshi, S. Samarghandian, B. Baradaran, M. Najafi, MicroRNA-mediated


http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref1
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref1
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref2
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref2
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref3
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref3
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref3
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref3
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref3
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref3
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref3
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref3
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref3
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref3
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref3
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref3
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref3
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref3
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref4
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref4
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref5
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref6
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref6
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref6
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref6
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref7
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref7
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref8
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref8
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref9
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref9
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref10
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref10
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref11
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref11
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref11
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref12
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref12
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref12
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref13
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref13
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref13
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref13
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref13
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref14
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref14
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref14
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref14
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref15
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref15
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref15
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref15
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref16
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref16
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref16
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref17
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref17
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref17
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref17
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref17
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref18
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref18
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref18
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref18
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref18
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref19
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref19
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref19
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref20
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref20
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref20
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref20
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref20
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref20
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref21
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref21
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref21
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref21
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref22
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref22
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref22
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref22
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref23
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref23
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref23
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref23
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref24
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref24
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref24
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref24
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref25
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref25
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref26
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref26
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref26
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref27
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref27
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref27
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref27
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref27
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref28
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref28
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref28
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref28
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref28
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref29
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref29
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref29
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref29
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref30
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref30
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref30
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref30
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref30
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref31
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref31
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref31
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref31
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref31
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref32
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref32
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref32
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref32
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref32
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref33
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref33

S. Najafi et al.

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]
[58]

[59]

[60]

[61]

[62]

autophagy regulation in cancer therapy: the role in chemoresistance/
chemosensitivity, Eur. J. Pharmacol. 892 (2021), 173660.

M. Ashrafizadeh, A. Zarrabi, K. Hushmandi, V. Zarrin, E.R. Moghadam,

A. Zabolian, S. Tavakol, S. Samarghandian, M. Najafi, PD-1/PD-L1 axis regulation
in cancer therapy: the role of long non-coding RNAs and microRNAs, Life Sci. 256
(2020), 117899.

M. Ashrafizadeh, A. Zarrabi, K. Hushmandi, F. Hashemi, F. Hashemi,

S. Samarghandian, M. Najafi, MicroRNAs in cancer therapy: their involvement in
oxaliplatin sensitivity/resistance of cancer cells with a focus on colorectal cancer,
Life Sci. 256 (2020), 117973.

Y. Qian, L. Shi, Z. Luo, Long non-coding RNAs in cancer: implications for
diagnosis, prognosis, and therapy, Front. Med. 7 (2020), 612393.

J. Huang, J. Peng, L. Guo, Non-coding RNA: a new tool for the diagnosis,
prognosis, and therapy of small cell lung cancer, J. Thorac. Oncol. 10 (1) (2015)
28-37.

J.T. Cheng, L. Wang, H. Wang, F.R. Tang, W.Q. Cai, G. Sethi, H.W. Xin, Z. Ma,
Insights into biological role of LncRNAs in epithelial-mesenchymal transition,
Cells 8 (2019) 10.

G. Pandya, A. Kirtonia, G. Sethi, A.K. Pandey, M. Garg, The implication of long
non-coding RNAs in the diagnosis, pathogenesis and drug resistance of pancreatic
ductal adenocarcinoma and their possible therapeutic potential, Biochim
Biophys. Acta Rev. Cancer 1874 (2) (2020), 188423.

A.A. Levin, Treating disease at the RNA level with oligonucleotides, New Engl. J.
Med. 380 (1) (2019) 57-70.

Srijyothi, L., et al., Roles of Non-Coding RNAs in Transcriptional Regulation.
2018.

J.J. Chan, Y. Tay, Noncoding RNA:RNA regulatory networks in cancer, Int. J. Mol.
Sci. 19 (2018) 5.

S. Aghamiri, A. Jafarpour, Z.V. Malekshahi, M. Mahmoudi Gomari, B. Negahdari,
Targeting siRNA in colorectal cancer therapy: nanotechnology comes into view,
J. Cell. Physiol. 234 (9) (2019) 14818-14827.

(St) G. Laurent, C. Wahlestedt, P. Kapranov, The landscape of long noncoding
RNA classification, Trends Genet. 31 (5) (2015) 239-251.

M. Garg, G. Sethi, Emerging role of long non-coding RNA (IncRNA) in human
malignancies: a unique opportunity for precision medicine, Cancer Lett. 519
(2021) 1.

S. Kansara, V. Pandey, P.E. Lobie, G. Sethi, M. Garg, A.K. Pandey, Mechanistic
involvement of long non-coding RNAs in oncotherapeutics resistance in triple-
negative breast, Cells 9 (2020) 6.

K.K. Thakur, A. Kumar, K. Banik, E. Verma, E. Khatoon, C. Harsha, G. Sethi, S.
C. Gupta, A.B. Kunnumakkara, Long noncoding RNAs in triple-negative breast
cancer: a new frontier in the regulation of tumorigenesis, J. Cell Physiol. (2021).
Y. He, B. Vogelstein, V.E. Velculescu, N. Papadopoulos, K.W. Kinzler, The
antisense transcriptomes of human cells, Science 322 (5909) (2008) 1855-1857.
G. Latgé, C. Poulet, V. Bours, C. Josse, G. Jerusalem, Natural antisense transcripts:
molecular mechanisms and implications in breast cancers, Int. J. Mol. Sci. 19
(2018) 1.

S. Katayama, Y. Tomaru, T. Kasukawa, K. Waki, M. Nakanishi, M. Nakamura,
H. Nishida, C.C. Yap, M. Suzuki, J. Kawai, H. Suzuki, P. Carninci, Y. Hayashizaki,
C. Wells, M. Frith, T. Ravasi, K.C. Pang, J. Hallinan, J. Mattick, D.A. Hume,

L. Lipovich, S. Batalov, P.G. Engstrom, Y. Mizuno, M.A. Faghihi, A. Sandelin, A.
M. Chalk, S. Mottagui-Tabar, Z. Liang, B. Lenhard, C. Wahlestedt, G. RIKEN
Genome Exploration Research, G. Genome Science Group (Genome Network
Project Core, C. FANTOM, Antisense transcription in the mammalian
transcriptome, Science 309 (5740) (2005) 1564-1566.

H. Jin, V. Vacic, T. Girke, S. Lonardi, J.K. Zhu, Small RNAs and the regulation of
cis-natural antisense transcripts in Arabidopsis, BMC Mol. Biol. 9 (1) (2008) 6.
W.Y. Su, J.T. Li, Y. Cui, J. Hong, W. Du, Y.C. Wang, Y.W. Lin, H. Xiong, J.L. Wang,
X. Kong, Q.Y. Gao, L.P. Wei, J.Y. Fang, Bidirectional regulation between WDR83
and its natural antisense transcript DHPS in gastric cancer, Cell Res. 22 (9) (2012)
1374-1389.

Y. Zhao, Y. Hou, C. Zhao, F. Liu, Y. Luan, L. Jing, X. Li, M. Zhu, S. Zhao, Cis-
natural antisense transcripts are mainly co-expressed with their sense transcripts
and primarily related to energy metabolic pathways during muscle development,
Int. J. Biol. Sci. 12 (8) (2016) 1010-1021.

H.S. Zinad, I. Natasya, A. Werner, Natural antisense transcripts at the interface
between host genome and mobile genetic elements, Front. Microbiol. 8 (2017)
2292,

R.M. Lacatena, G. Cesareni, Base pairing of RNA I with its complementary
sequence in the primer precursor inhibits ColE1 replication, Nature 294 (5842)
(1981) 623-626.

G. Cesareni, M. Helmer-Citterich, L. Castagnoli, Control of ColE1 plasmid
replication by antisense RNA, Trends Genet. 7 (7) (1991) 230-235.

C. Wahlestedt, Natural antisense and noncoding RNA transcripts as potential drug
targets, Drug Discov. Today 11 (11-12) (2006) 503-508.

0O.A. Balbin, R. Malik, S.M. Dhanasekaran, J.R. Prensner, X. Cao, Y.M. Wu,

D. Robinson, R. Wang, G. Chen, D.G. Beer, A.I. Nesvizhskii, A.M. Chinnaiyan, The
landscape of antisense gene expression in human cancers, Genome Res. 25 (7)
(2015) 1068-1079.

R. Parenti, S. Paratore, A. Torrisi, S. Cavallaro, A natural antisense transcript
against Rad18, specifically expressed in neurons and upregulated during
p-amyloid-induced apoptosis, Eur. J. Neurosci. 26 (9) (2007) 2444-2457.

E.M. Prescott, N.J. Proudfoot, Transcriptional collision between convergent genes
in budding yeast, Proc. Natl. Acad. Sci. U.S.A. 99 (13) (2002) 8796-8801.

M.L. Hastings, C. Milcarek, K. Martincic, M.L. Peterson, S.H. Munroe, Expression
of the thyroid hormone receptor gene, erbAalpha, in B lymphocytes: alternative

12

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]
[73]
[74]

[75]

[76]
[77]
[78]

[791]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

Biomedicine & Pharmacotherapy 145 (2022) 112265

mRNA processing is independent of differentiation but correlates with antisense
RNA levels, Nucleic Acids Res. 25 (21) (1997) 4296-4300.

U. Diihring, .M. Axmann, W.R. Hess, A. Wilde, An internal antisense RNA
regulates expression of the photosynthesis gene isiA, Proc. Natl. Acad. Sci. U.S.A.
103 (18) (2006) 7054-7058.

M.A. Faghihi, C. Wahlestedt, Regulatory roles of natural antisense transcripts,
Nat. Rev. Mol. Cell Biol. 10 (9) (2009) 637-643.

E.G.H. Wagner, R. Simons, Antisense RNA control in bacteria, phages, and
plasmids, Annu. Rev. Microbiol. 48 (1994) 713-742.

C. Tufarelli, J.A. Stanley, D. Garrick, J.A. Sharpe, H. Ayyub, W.G. Wood, D.

R. Higgs, Transcription of antisense RNA leading to gene silencing and
methylation as a novel cause of human genetic disease, Nat. Genet 34 (2) (2003)
157-165.

W.Y. Su, H. Xiong, J.Y. Fang, Natural antisense transcripts regulate gene
expression in an epigenetic manner, Biochem Biophys. Res. Commun. 396 (2)
(2010) 177-181.

M. Merarchi, G. Sethi, M.K. Shanmugam, L. Fan, F. Arfuso, K.S. Ahn, Role of
natural products in modulating histone deacetylases in cancer, Molecules 24 (6)
(2019).

M.K. Shanmugam, A. Dharmarajan, S. Warrier, A. Bishayee, A.P. Kumar, G. Sethi,
K.S. Ahn, Role of histone acetyltransferase inhibitors in cancer therapy, Adv.
Protein Chem. Struct. Biol. 125 (2021) 149-191.

M.K. Shanmugam, F. Arfuso, S. Arumugam, A. Chinnathambi, B. Jinsong,

S. Warrier, L.Z. Wang, A.P. Kumar, K.S. Ahn, G. Sethi, M. Lakshmanan, Role of
novel histone modifications in cancer, Oncotarget 9 (13) (2018) 11414-11426.
T. Ohhata, Y. Hoki, H. Sasaki, T. Sado, Crucial role of antisense transcription
across the Xist promoter in Tsix-mediated Xist chromatin modification,
Development 135 (2) (2008) 227-235.

J.T. Lee, Is X-chromosome inactivation a homology effect? in: J.Y. Dunlap, C.-

t Wu (Eds.), Homology Effects Academic Press, California, 2002, pp. 25-48.

Y. Sun, D. Li, R. Zhang, S. Peng, G. Zhang, T. Yang, A. Qian, Strategies to identify
natural antisense transcripts, Biochimie 132 (2017) 131-151.

S.C. Tan, Low penetrance genetic polymorphisms as potential biomarkers for
colorectal cancer predisposition, J. Gene Med. 20 (4) (2018), 3010.

S.C. Tan, R. Ankathil, Genetic susceptibility to cervical cancer: role of common
polymorphisms in apoptosis-related genes, Tumour Biol. 36 (9) (2015)
6633-6644.

M.H. Ling, Y. Ban, H. Wen, S.M. Wang, S.X. Ge, Conserved expression of natural
antisense transcripts in mammals, BMC Genom. 14 (2013) 243.

A. Werner, Biological functions of natural antisense transcripts, BMC Biol. 11 (1)
(2013) 31.

E. Salta, B. De, Strooper, Noncoding RNAs in neurodegeneration, Nat. Rev.
Neurosci. 18 (10) (2017) 627-640.

E. Wanowska, M.R. Kubiak, W. Rosikiewicz, I. Makatowska, M.W. Szczesniak,
Natural antisense transcripts in diseases: From modes of action to targeted
therapies, Wiley Interdiscip. Rev. RNA 9 (2) (2018), e1461.

S. Zucchelli, S. Fedele, P. Vatta, R. Calligaris, P. Heutink, P. Rizzu, M. Itoh,

F. Persichetti, C. Santoro, H. Kawaji, T. Lassmann, Y. Hayashizaki, P. Carninci,
A. Forrest, C. FANTOM, S. Gustincich, Antisense transcription in loci associated to
hereditary neurodegenerative diseases, Mol. Neurobiol. 56 (8) (2019)
5392-5415.

S. Zhao, X. Zhang, S. Chen, S. Zhang, Natural antisense transcripts in the
biological hallmarks of cancer: powerful regulators hidden in the dark, J. Exp.
Clin. Cancer Res 39 (1) (2020) 187.

E. Wanowska, M.R. Kubiak, W. Rosikiewicz, I. Makatowska, M.W. Szczes$niak,
Natural antisense transcripts in diseases: from modes of action to targeted
therapies, Wiley Inter. Rev. RNA 9 (2018) 2.

W. Zhang, H. Zhao, Q. Wu, W. Xu, M. Xia, Knockdown of BACE1-AS by siRNA
improves memory and learning behaviors in Alzheimer’s disease animal model,
Exp. Ther. Med. 16 (3) (2018) 2080-2086.

T. Liu, Y. Huang, J. Chen, H. Chi, Z. Yu, J. Wang, C. Chen, Attenuated ability of
BACE]1 to cleave the amyloid precursor protein via silencing long noncoding RNA
BACE1-AS expression, Mol. Med Rep. 10 (3) (2014) 1275-1281.

Y. Zhou, Y. Ge, Q. Liu, Y.X. Li, X. Chao, J.J. Guan, Y.C. Diwu, Q. Zhang, LncRNA
BACE1-AS promotes autophagy-mediated neuronal damage through the miR-214-
3p/ATGS signalling axis in Alzheimer’s disease, Neuroscience 455 (2021) 52-64.
Y. Ge, X. Song, J. Liu, C. Liu, C. Xu, The combined therapy of berberine treatment
with IncRNA BACE1-AS depletion attenuates AB(25-35) induced neuronal injury
through regulating the expression of miR-132-3p in neuronal cells, Neurochem.
Res. 45 (4) (2020) 741-751.

L. Zhang, Y. Fang, X. Cheng, Y.J. Lian, H.L. Xu, Silencing of long noncoding RNA
SOX21-AS1 relieves neuronal oxidative stress injury in mice with Alzheimer’s
disease by upregulating FZD3/5 via the wnt signaling pathway, Mol. Neurobiol.
56 (5) (2019) 3522-3537.

W. Xu, K. Li, Q. Fan, B. Zong, L. Han, Knockdown of long non-coding RNA SOX21-
AS1 attenuates amyloid-f-induced neuronal damage by sponging miR-107,
Biosci. Rep. 40 (3) (2020). BSR20194295.

J. Zhang, R. Wang, Deregulated IncRNA MAGI2-AS3 in Alzheimer’s disease
attenuates amyloid-p induced neurotoxicity and neuroinflammation by sponging
miR-374b-5p, Exp. Gerontol. 144 (2021), 111180.

B. Zhou, L. Li, X. Qiu, J. Wu, L. Xu, W. Shao, Long non-coding RNA ANRIL
knockdown suppresses apoptosis and pro-inflammatory cytokines while
enhancing neurite outgrowth via binding microRNA-125a in a cellular model of
Alzheimer’s disease, Mol. Med. Rep. 22 (2) (2020) 1489-1497.


http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref33
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref33
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref34
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref34
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref34
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref34
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref35
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref35
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref35
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref35
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref36
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref36
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref37
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref37
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref37
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref38
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref38
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref38
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref39
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref39
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref39
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref39
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref40
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref40
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref41
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref41
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref42
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref42
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref42
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref43
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref43
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref44
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref44
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref44
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref45
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref45
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref45
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref46
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref46
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref46
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref47
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref47
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref48
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref48
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref48
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref49
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref49
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref49
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref49
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref49
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref49
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref49
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref49
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref50
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref50
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref51
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref51
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref51
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref51
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref52
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref52
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref52
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref52
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref53
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref53
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref53
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref54
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref54
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref54
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref55
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref55
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref56
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref56
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref57
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref57
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref57
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref57
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref58
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref58
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref58
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref59
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref59
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref60
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref60
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref60
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref60
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref61
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref61
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref61
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref62
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref62
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref63
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref63
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref64
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref64
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref64
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref64
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref65
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref65
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref65
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref66
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref66
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref66
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref67
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref67
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref67
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref68
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref68
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref68
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref69
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref69
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref69
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref70
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref70
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref71
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref71
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref72
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref72
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref73
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref73
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref73
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref74
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref74
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref75
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref75
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref76
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref76
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref77
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref77
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref77
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref78
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref78
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref78
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref78
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref78
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref79
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref79
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref79
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref80
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref80
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref80
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref81
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref81
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref81
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref82
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref82
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref82
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref83
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref83
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref83
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref84
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref84
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref84
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref84
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref85
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref85
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref85
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref85
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref86
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref86
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref86
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref87
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref87
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref87
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref88
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref88
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref88
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref88

S. Najafi et al.

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]
[105]

[106]

[107]

[108]

[109]

[110]

[111]
[112]

[113]

[114]

[115]

[116]

L. Xu, Z. Zhang, T. Xie, X. Zhang, T. Dai, Inhibition of BDNF-AS provides
neuroprotection for retinal ganglion cells against ischemic injury, PLoS One 11
(12) (2016), 0164941.

K.G. Coupland, W.S. Kim, G.M. Halliday, M. Hallupp, C. Dobson-Stone, J.

B. Kwok, Role of the long non-coding RNA MAPT-AS1 in regulation of
microtubule associated protein tau (MAPT) expression in Parkinson’s disease,
PloS One 11 (6) (2016), 0157924 e0157924-e0157924.

C. Carrieri, A.R. Forrest, C. Santoro, F. Persichetti, P. Carninci, S. Zucchelli,

S. Gustincich, Expression analysis of the long non-coding RNA antisense to Uchl1
(AS Uchll) during dopaminergic cells’ differentiation in vitro and in
neurochemical models of Parkinson’s disease, Front. Cell. Neurosci. 9 (2015),
114.

Y. Fan, X. Zhao, K. Lu, G. Cheng, LncRNA BDNF-AS promotes autophagy and
apoptosis in MPTP-induced Parkinson’s disease via ablating microRNA-125b-5p,
Brain Res. Bull. 157 (2020) 119-127.

D.W. Chung, D.D. Rudnicki, L. Yu, R.L. Margolis, A natural antisense transcript at
the Huntington’s disease repeat locus regulates HTT expression, Hum. Mol. Genet
20 (17) (2011) 3467-3477.

C. Lagier-Tourenne, M. Baughn, F. Rigo, S. Sun, P. Liu, H.R. Li, J. Jiang, A.

T. Watt, S. Chun, M. Katz, J. Qiu, Y. Sun, S.C. Ling, Q. Zhu, M. Polymenidou,
K. Drenner, J.W. Artates, M. McAlonis-Downes, S. Markmiller, K.R. Hutt, D.

P. Pizzo, J. Cady, M.B. Harms, R.H. Baloh, S.R. Vandenberg, G.W. Yeo, X.D. Fu, C.
F. Bennett, D.W. Cleveland, J. Ravits, Targeted degradation of sense and antisense
C9orf72 RNA foci as therapy for ALS and frontotemporal degeneration, Proc.
Natl. Acad. Sci. U.S.A. 110 (47) (2013) E4530-E4539.

C. d’Ydewalle, D.M. Ramos, N.J. Pyles, S.Y. Ng, M. Gorz, C.M. Pilato, K. Ling,
L. Kong, A.J. Ward, L.L. Rubin, F. Rigo, C.F. Bennett, C.J. Sumner, The antisense
transcript SMN-AS1 regulates SMN expression and is a novel therapeutic target
for spinal muscular atrophy, Neuron 93 (1) (2017) 66-79.

C. Sun, X. Luo, Y. Gou, L. Hu, K. Wang, C. Li, Z. Xiang, P. Zhang, X. Kong,

C. Zhang, Q. Yang, J. Li, L. Xiao, Y. Li, Q. Chen, TCAB1: a potential target for
diagnosis and therapy of head and neck carcinomas, Mol. Cancer 13 (2014), 180.
X. Zong, S. Nakagawa, S.M. Freier, J. Fei, T. Ha, S.G. Prasanth, K.V. Prasanth,
Natural antisense RNA promotes 3’ end processing and maturation of MALAT1
IncRNA, Nucleic Acids Res. 44 (6) (2016) 2898-2908.

C.P. Gomes, S. N6brega-Pereira, B. Domingues-Silva, K. Rebelo, C. Alves-Vale, S.
P. Marinho, T. Carvalho, S. Dias, B. Bernardes de Jesus, An antisense transcript
mediates MALAT1 response in human breast cancer, BMC Cancer 19 (1) (2019)
771.

X. Luo, J. Wang, X. Wei, S. Wang, A. Wang, Knockdown of IncRNA MFI2-AS1
inhibits lipopolysaccharide-induced osteoarthritis progression by miR-130a-3p/
TCF4, Life Sci. 240 (2020), 117019.

Y.L. Chai, J.R. Chong, A.R. Raquib, X. Xu, S. Hilal, N. Venketasubramanian, B.
Y. Tan, A.P. Kumar, G. Sethi, C.P. Chen, M. Lai, Plasma osteopontin as a
biomarker of Alzheimer’s disease and vascular cognitive impairment, Sci. Rep. 11
(1) (2021) 4010.

R.C. Segaran, L.Y. Chan, H. Wang, G. Sethi, F.R. Tang, Neuronal development-
related miRNAs as biomarkers for alzheimer’s disease, depression, schizophrenia
and ionizing radiation exposure, Curr. Med. Chem. 28 (1) (2021) 19-52.

B.N. Dugger, D.W. Dickson, Pathology of neurodegenerative diseases, Cold Spring
Harb. Perspect. Biol. 9 (7) (2017), a028035.

A.D. Gitler, P. Dhillon, J. Shorter, Neurodegenerative disease: models,
mechanisms, and a new hope, Dis. Models Mech. 10 (5) (2017) 499-502.

M.G. Erkkinen, M.-O. Kim, M.D. Geschwind, Clinical neurology and epidemiology
of the major neurodegenerative diseases, Cold Spring Harb. Perspect. Biol. 10
(2018) 4.

J. Yu, I. Rawtaer, L.G. Goh, A.P. Kumar, L. Feng, E.H. Kua, R. Mahendran, The art
of remediating age-related cognitive decline: art therapy enhances cognition and
increases cortical thickness in mild cognitive impairment, J. Int. Neuropsychol.
Soc. 27 (1) (2021) 79-88.

A. Sharma, G. Sethi, M.M. Tambuwala, A. Aljabali, D.K. Chellappan, K. Dua,

R. Goyal, Circadian rhythm disruption and alzheimer’s disease: the dynamics of a
vicious cycle, Curr. Neuropharmacol. 19 (2) (2021) 248-264.

L. Cao, X. Cao, Y. Zhou, B.V. Nagpure, Z.Y. Wu, L.F. Hu, Y. Yang, G. Sethi, P.
K. Moore, J.S. Bian, Hydrogen sulfide inhibits ATP-induced neuroinflammation
and AP(1-42) synthesis by suppressing the activation of STAT3 and cathepsin S,
Brain Behav. Immun. 73 (2018) 603-614.

M.S. Forman, J.Q. Trojanowski, V.M. Lee, Neurodegenerative diseases: a decade
of discoveries paves the way for therapeutic breakthroughs, Nat. Med. 10 (10)
(2004) 1055-1063.

L.A. Qureshi, J.S. Mattick, M.F. Mehler, Long non-coding RNAs in nervous system
function and disease, Brain Res. 1338 (2010) 20-35.

P. Wan, W. Su, Y. Zhuo, The role of long noncoding RNAs in neurodegenerative
diseases, Mol. Neurobiol. 54 (3) (2017) 2012-2021.

F. Modarresi, M.A. Faghihi, M.A. Lopez-Toledano, R.P. Fatemi, M. Magistri, S.
P. Brothers, M.P. van der Brug, C. Wahlestedt, Inhibition of natural antisense
transcripts in vivo results in gene-specific transcriptional upregulation, Nat.
Biotechnol. 30 (5) (2012) 453-459.

H.C. Hendrie, Epidemiology of dementia and Alzheimer’s disease, Am. J. Geriatr.
Psychiatry 6 (2 Suppl 1) (1998) S3-S18.

C. Patterson, World Alzheimer Report 2018: The State of the Art of Dementia
Research: New Frontiers, Alzheimer’s Disease International (ADI), London, UK,
2018, pp. 32-36.

D. Harman, Alzheimer’s disease pathogenesis, Ann. N.Y. Acad. Sci. 1067 (1)
(2006) 454-460.

13

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

Biomedicine & Pharmacotherapy 145 (2022) 112265

2020 Alzheimer’s disease facts and figures, Alzheimer’s. Dement. 16 (3) (2020)
391-460.

T. Guo, D. Zhang, Y. Zeng, T.Y. Huang, H. Xu, Y. Zhao, Molecular and cellular
mechanisms underlying the pathogenesis of Alzheimer’s disease, Mol.
Neurodegener. 15 (1) (2020) 40.

J. Ramirez-Bermudez, Alzheimer’s disease: critical notes on the history of a
medical concept, Arch. Med. Res 43 (8) (2012) 595-599.

J.L. Cummings, Alzheimer’s disease, New Engl. J. Med. 351 (1) (2004) 56-67.
L. Feng, Y.T. Liao, J.C. He, C.L. Xie, S.Y. Chen, H.H. Fan, Z.P. Su, Z. Wang, Plasma
long non-coding RNA BACEL1 as a novel biomarker for diagnosis of Alzheimer
disease, BMC Neurol. 18 (1) (2018) 4.

L. Feng, Y.T. Liao, J.C. He, C.L. Xie, S.Y. Chen, H.H. Fan, Z.P. Su, Z. Wang, Plasma
long non-coding RNA BACEL1 as a novel biomarker for diagnosis of Alzheimer
disease, BMC Neurol. 18 (1) (2018) 4.

J.M.F. Bram, L.L. Talib, H. Joaquim, T.A. Sarno, W.F. Gattaz, O.V. Forlenza,
Protein levels of ADAM10, BACE1, and PSEN1 in platelets and leukocytes of
Alzheimer’s disease patients, Eur. Arch. Psychiatry Clin. Neurosci. 269 (8) (2019)
963-972.

B. Decourt, M.N. Sabbagh, BACE1 as a potential biomarker for Alzheimer’s
disease, J. Alzheimers Dis. 24 (Suppl 2) (2011) 53-59. Suppl 2.

R. Vassar, The beta-secretase, BACE: a prime drug target for Alzheimer’s disease,
J. Mol. Neurosci. 17 (2) (2001) 157-170.

Y.P. Tang, E.S. Gershon, Genetic studies in Alzheimer’s disease, Dialog. Clin.
Neurosci. 5 (1) (2003) 17-26.

M. Citron, B-secretase — a target for alzheimer’s disease, in: Y. Mizuno, A. Fisher,
1. Hanin (Eds.), Mapping the Progress of Alzheimer’s and Parkinson’s Disease,
Springer US, Boston, MA, 2002, pp. 79-83.

M.A. Faghihi, F. Modarresi, A.M. Khalil, D.E. Wood, B.G. Sahagan, T.E. Morgan,
C.E. Finch, G. St Laurent, P.J. Kenny, C. Wahlestedt, Expression of a noncoding
RNA is elevated in Alzheimer’s disease and drives rapid feed-forward regulation
of beta-secretase, Nat. Med. 14 (7) (2008) 723-730.

S.N. Fotuhi, M. Khalaj-Kondori, M.A. Hoseinpour Feizi, M. Talebi, Long non-
coding RNA BACE1-AS may serve as an Alzheimer’s disease blood-based
biomarker, J. Mol. Neurosci. 69 (3) (2019) 351-359.

D. Wang, P. Wang, X. Bian, S. Xu, Q. Zhou, Y. Zhang, M. Ding, M. Han, L. Huang,
J. Bi, Y. Jia, Z. Xie, Elevated plasma levels of exosomal BACE1-AS combined with
the volume and thickness of the right entorhinal cortex may serve as a biomarker
for the detection of Alzheimer’s disease, Mol. Med. Rep. 22 (1) (2020) 227-238.
F. Li, Y. Wang, H. Yang, Y. Xu, X. Zhou, X. Zhang, Z. Xie, J. Bi, The effect of
BACE1-AS on f-amyloid generation by regulating BACE1 mRNA expression, BMC
Mol. Biol. 20 (1) (2019) 23.

F. Modarresi, M.A. Faghihi, N.S. Patel, B.G. Sahagan, C. Wahlestedt, M.A. Lopez-
Toledano, Knockdown of BACE1-AS nonprotein-coding transcript modulates beta-
amyloid-related hippocampal neurogenesis, Int. J. Alzheimers Dis. 2011 (2011),
929042.

X. Lu, C. Huang, X. He, X. Liu, J. Ji, E. Zhang, W. Wang, R. Guo, A novel long non-
coding RNA, SOX21-AS1, indicates a poor prognosis and promotes lung
adenocarcinoma proliferation, Cell. Physiol. Biochem. 42 (5) (2017) 1857-1869.
J. Vandrovcova, L. Dunn, E. Malzer, J. Hardy, R. Silva, P2-175: tau gene-specific
natural antisense transcript expression and splicing in sporadic tauopathies,
Alzheimer’s. Dement. 4 (2008) T421-T422.

R. Simone, Antisense long non-coding rna repressesmapttranslation through an
embedded mir repeat, Alzheimer’S. Dement. 13 (7, Supplement) (2017) P918.
R. Silva, J. Zareba-Paslawska, F. Almeida, P. Svenningsson, T. Warner, R. Simone,
A gene therapy approach for reduction of tau by tau long non-coding rna gene
(MAPT-AS1) natural antisense transcript, Alzheimer’s. Dement. 14 (7,
Supplement) (2018) P1547-P1548.

Y. Yamanaka, M.A. Faghihi, M. Magistri, O. Alvarez-Garcia, M. Lotz,

C. Wahlestedt, Antisense RNA controls LRP1 sense transcript expression through
interaction with a chromatin-associated protein, HMGB2, Cell Rep. 11 (6) (2015)
967-976.

R. Deane, A. Sagare, K. Hamm, M. Parisi, S. Lane, M.B. Finn, D.M. Holtzman, B.
V. Zlokovic, apoE isoform-specific disruption of amyloid beta peptide clearance
from mouse brain, J. Clin. Invest. 118 (12) (2008) 4002-4013.

M. Shibata, S. Yamada, S.R. Kumar, M. Calero, J. Bading, B. Frangione, D.

M. Holtzman, C.A. Miller, D.K. Strickland, J. Ghiso, B.V. Zlokovic, Clearance of
Alzheimer’s amyloid-p1-40 peptide from brain by LDL receptor-related protein-1
at the blood-brain barrier, J. Clin. Investig. 106 (12) (2000) 1489-1499.

J.S. Chi, J.Z. Li, J.J. Jia, T. Zhang, X.M. Liu, L. Yi, Long non-coding RNA ANRIL in
gene regulation and its duality in atherosclerosis, J. Huazhong Univ. Sci. Technol.
Med. Sci. 37 (6) (2017) 816-822.

E. Wada, K. Wada, Chapter 3 - bio-communication between mother and offspring,
in: R.C. Gupta (Ed.), Reproductive and Developmental Toxicology, Academic
Press, San Diego, 2011, pp. 33-38.

L. Ferrer, E. Goutan, C. Marin, M.J. Rey, T. Ribalta, Brain-derived neurotrophic
factor in Huntington disease, Brain Res. 866 (1) (2000) 257-261.

F. Modarresi, M.A. Faghihi, M.A. Lopez-Toledano, R.P. Fatemi, M. Magistri, S.
P. Brothers, M.P. van der Brug, C. Wahlestedt, Inhibition of natural antisense
transcripts in vivo results in gene-specific transcriptional upregulation, Nat.
Biotechnol. 30 (5) (2012) 453-459.

J. Budni, T. Bellettini-Santos, F. Mina, M.L. Garcez, A.I. Zugno, The involvement
of BDNF, NGF and GDNF in aging and Alzheimer’s disease, Aging Dis. 6 (5)
(2015) 331-341.

G. Straten, G.W. Eschweiler, W. Maetzler, C. Laske, T. Leyhe, Glial cell-line
derived neurotrophic factor (GDNF) concentrations in cerebrospinal fluid and


http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref89
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref89
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref89
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref90
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref90
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref90
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref90
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref91
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref91
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref91
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref91
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref91
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref92
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref92
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref92
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref93
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref93
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref93
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref94
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref94
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref94
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref94
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref94
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref94
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref94
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref95
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref95
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref95
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref95
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref96
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref96
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref96
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref97
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref97
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref97
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref98
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref98
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref98
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref98
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref99
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref99
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref99
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref100
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref100
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref100
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref100
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref101
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref101
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref101
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref102
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref102
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref103
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref103
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref104
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref104
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref104
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref105
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref105
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref105
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref105
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref106
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref106
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref106
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref107
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref107
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref107
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref107
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref108
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref108
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref108
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref109
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref109
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref110
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref110
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref111
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref111
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref111
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref111
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref112
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref112
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref113
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref113
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref113
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref114
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref114
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref115
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref115
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref116
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref116
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref116
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref117
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref117
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref118
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref119
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref119
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref119
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref120
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref120
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref120
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref121
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref121
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref121
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref121
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref122
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref122
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref123
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref123
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref124
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref124
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref125
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref125
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref125
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref126
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref126
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref126
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref126
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref127
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref127
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref127
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref128
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref128
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref128
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref128
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref129
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref129
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref129
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref130
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref130
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref130
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref130
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref131
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref131
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref131
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref132
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref132
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref132
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref133
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref133
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref134
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref134
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref134
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref134
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref135
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref135
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref135
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref135
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref136
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref136
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref136
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref137
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref137
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref137
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref137
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref138
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref138
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref138
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref139
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref139
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref139
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref140
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref140
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref141
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref141
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref141
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref141
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref142
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref142
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref142
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref143
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref143

S. Najafi et al.

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

serum of patients with early Alzheimer’s disease and normal controls,

J. Alzheimers Dis. 18 (2) (2009) 331-337.

M. Airavaara, O. Pletnikova, M.E. Doyle, Y.E. Zhang, J.C. Troncoso, Q.R. Liu,
Identification of novel GDNF isoforms and cis-antisense GDNFOS gene and their
regulation in human middle temporal gyrus of Alzheimer disease, J. Biol. Chem. 286
(52) (2011) 45093-45102.

O.B. Tysnes, A. Storstein, Epidemiology of Parkinson’s disease, J. Neural Transm.
124 (8) (2017) 901-905.

G.N. Collaborators, Global, regional, and national burden of neurological
disorders, 1990-2016: a systematic analysis for the Global Burden of Disease
Study 2016, Lancet Neurol. 18 (5) (2019) 459-480.

K. Wakabayashi, K. Tanji, F. Mori, H. Takahashi, The Lewy body in Parkinson’s
disease: molecules implicated in the formation and degradation of alpha-
synuclein aggregates, Neuropathology 27 (5) (2007) 494-506.

F.N. Emamzadeh, A. Surguchov, Parkinson’s disease: biomarkers, treatment, and
risk factors, Front. Neurosci. 12 (2018) 612.

C. Blauwendraat, M.A. Nalls, A.B. Singleton, The genetic architecture of
Parkinson’s disease, Lancet Neurol. 19 (2) (2020) 170-178.

L. Pan, L. Meng, M. He, Z. Zhang, Tau in the pathophysiology of Parkinson’s
Disease, J. Mol. Neurosci. MN (2021).

E. Palasz, A. Wysocka, BDNF as a promising therapeutic agent in parkinson’s
disease, Int. J. Mol. Sci. 21 (2020) 3.

C. Yu, C.H. Li, S. Chen, Decreased BDNF release in cortical neurons of a knock-in
mouse model of Huntington’s disease, Sci. Rep. 8 (1) (2018) 16976.

B. Kremer, P. Goldberg, S.E. Andrew, J. Theilmann, H. Telenius, J. Zeisler,

F. Squitieri, B. Lin, A. Bassett, E. Almqvist, A worldwide study of the Huntington’s
disease mutation. The sensitivity and specificity of measuring CAG repeats, New
Engl. J. Med. 330 (20) (1994) 1401-1406.

D.-Q. Wang, P. Fu, C. Yao, L.S. Zhu, T.Y. Hou, J.G. Chen, Y. Lu, D. Liu, L.Q. Zhu,
Long non-coding RNAs, novel culprits, or bodyguards in neurodegenerative
diseases. Molecular therapy, Nucleic Acids 10 (2018) 269-276.

A.E. Renton, E. Majounie, A. Waite, J. Simén-Sanchez, S. Rollinson, J.R. Gibbs, J.
C. Schymick, H. Laaksovirta, J.C. van Swieten, L. Myllykangas, H. Kalimo,

A. Paetau, Y. Abramzon, A.M. Remes, A. Kaganovich, S.W. Scholz, J. Duckworth,
J. Ding, D.W. Harmer, D.G. Hernandez, J.O. Johnson, K. Mok, M. Ryten,

D. Trabzuni, R.J. Guerreiro, R.W. Orrell, J. Neal, A. Murray, J. Pearson, L.

E. Jansen, D. Sondervan, H. Seelaar, D. Blake, K. Young, N. Halliwell, J.

B. Callister, G. Toulson, A. Richardson, A. Gerhard, J. Snowden, D. Mann,

D. Neary, M.A. Nalls, T. Peuralinna, L. Jansson, V.M. Isoviita, A.L. Kaivorinne,
M. Holtté-Vuori, E. Ikonen, R. Sulkava, M. Benatar, J. Wuu, A. Chio, G. Restagno,
G. Borghero, M. Sabatelli, C. ITALSGEN, D. Heckerman, E. Rogaeva, L. Zinman, J.
D. Rothstein, M. Sendtner, C. Drepper, E.E. Eichler, C. Alkan, Z. Abdullaev, S.
D. Pack, A. Dutra, E. Pak, J. Hardy, A. Singleton, N.M. Williams, P. Heutink,

S. Pickering-Brown, H.R. Morris, P.J. Tienari, B.J. Traynor, A hexanucleotide
repeat expansion in C9ORF72 is the cause of chromosome 9p21-linked ALS-FTD,
Neuron 72 (2) (2011) 257-268.

T. Zu, Y. Liu, M. Banez-Coronel, T. Reid, O. Pletnikova, J. Lewis, T.M. Miller, M.
B. Harms, A.E. Falchook, S.H. Subramony, L.W. Ostrow, J.D. Rothstein, J.

C. Troncoso, L.P. Ranum, RAN proteins and RNA foci from antisense transcripts in
C90RF72 ALS and frontotemporal dementia, Proc. Natl. Acad. Sci. U.S.A. 110
(51) (2013) E4968-E4977.

J. Cooper-Knock, A. Higginbottom, M.J. Stopford, J.R. Highley, P.G. Ince, S.

B. Wharton, S. Pickering-Brown, J. Kirby, G.M. Hautbergue, P.J. Shaw, Antisense
RNA foci in the motor neurons of COORF72-ALS patients are associated with TDP-
43 proteinopathy, Acta Neuropathol. 130 (1) (2015) 63-75.

A. D’Amico, E. Mercuri, F.D. Tiziano, E. Bertini, Spinal muscular atrophy,
Orphanet J. Rare Dis. 6 (1) (2011) 71.

C.L. Lorson, E. Hahnen, E.J. Androphy, B. Wirth, A single nucleotide in the SMN
gene regulates splicing and is responsible for spinal muscular atrophy, Proc. Natl.
Acad. Sci. U.S.A. 96 (11) (1999) 6307-6311.

J. Singh, M. Salcius, S.W. Liu, B.L. Staker, R. Mishra, J. Thurmond, G. Michaud, D.
R. Mattoon, J. Printen, J. Christensen, J.M. Bjornsson, B.A. Pollok, M. Kiledjian,
L. Stewart, J. Jarecki, M.E. Gurney, DcpS as a therapeutic target for spinal
muscular atrophy, ACS Chem. Biol. 3 (11) (2008) 711-722.

R.G. Gogliotti, H. Cardona, J. Singh, S. Bail, C. Emery, N. Kuntz, M. Jorgensen,
M. Durens, B. Xia, C. Barlow, C.R. Heier, H.L. Plasterer, V. Jacques, M. Kiledjian,
J. Jarecki, J. Rusche, C.J. DiDonato, The Dcp$ inhibitor RG3039 improves
survival, function and motor unit pathologies in two SMA mouse models, Hum.
Mol. Genet. 22 (20) (2013) 4084-4101.

Z.Z. Mei, H. Sun, X. Ou, L. Li, J. Cai, S. Hu, J. Wang, H. Luo, J. Liu, Y. Jiang, The
natural antisense transcript NATTD regulates the transcription of decapping
scavenger (DcpS) enzyme, Int. J. Biochem. Cell Biol. 110 (2019) 103-110.

AK. Mosemiller, J.C. Dalton, J.W. Day, L.P. Ranum, Molecular genetics of
spinocerebellar ataxia type 8 (SCA8), Cytogenet. Genome Res. 100 (1-4) (2003)
175-183.

R.P. Munhoz, H.A. Teive, S. Raskin, L.C. Werneck, CTA/CTG expansions at the
SCA 8 locus in multiple system atrophy, Clin. Neurol. Neurosurg. 111 (2) (2009)
208-210.

M.L. Moseley, T. Zu, Y. Ikeda, W. Gao, A.K. Mosemiller, R.S. Daughters, G. Chen,
M.R. Weatherspoon, H.B. Clark, T.J. Ebner, J.W. Day, L.P. Ranum, Bidirectional
expression of CUG and CAG expansion transcripts and intranuclear polyglutamine
inclusions in spinocerebellar ataxia type 8, Nat. Genet. 38 (7) (2006) 758-769.
R.J. Hagerman, E. Berry-Kravis, H.C. Hazlett, Jr Bailey DB, H. Moine, R.F. Kooy,
F. Tassone, I. Gantois, N. Sonenberg, J.L. Mandel, P.J. Hagerman, Fragile X
syndrome, Nat. Rev. Dis. Prim. 3 (1) (2017) 17065.

14

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

Biomedicine & Pharmacotherapy 145 (2022) 112265

H.E. Kong, J. Zhao, S. Xu, P. Jin, Y. Jin, Fragile X-associated tremor/ataxia
syndrome: from molecular pathogenesis to development of therapeutics, Front.
Cell Neurosci. 11 (2017) 128.

P.D. Ladd, L.E. Smith, N.A. Rabaia, J.M. Moore, S.A. Georges, R.S. Hansen, R.
J. Hagerman, F. Tassone, S.J. Tapscott, G.N. Filippova, An antisense transcript
spanning the CGG repeat region of FMR1 is upregulated in premutation carriers
but silenced in full mutation individuals, Hum. Mol. Genet. 16 (24) (2007)
3174-3187.

A. Datta, S. Deng, V. Gopal, K.C. Yap, C.E. Halim, M.L. Lye, M.S. Ong, T.Z. Tan,
G. Sethi, S.C. Hooi, A.P. Kumar, C.T. Yap, Cytoskeletal dynamics in epithelial-
mesenchymal transition: insights into therapeutic targets for cancer metastasis,
Cancers 13 (2021) 8.

C.D. Mohan, V. Srinivasa, S. Rangappa, L. Mervin, S. Mohan, S. Paricharak,

S. Baday, F. Li, M.K. Shanmugam, A. Chinnathambi, M.E. Zayed, S.A. Alharbi,
A. Bender, G. Sethi, Basappa, K.S. Rangappa, Trisubstituted-imidazoles induce
apoptosis in human breast cancer cells by targeting the oncogenic PI3K/Akt/
mTOR signaling pathway, PLoS One 11 (4) (2016), 0153155.

F. Li, M.K. Shanmugam, L. Chen, S. Chatterjee, J. Basha, A.P. Kumar, T.K. Kundu,
G. Sethi, Garcinol, a polyisoprenylated benzophenone modulates multiple
proinflammatory signaling cascades leading to the suppression of growth and
survival of head and neck carcinoma, Cancer Prev. Res. 6 (8) (2013) 843-854.
M.K. Shanmugam, T.H. Ong, A.P. Kumar, C.K. Lun, P.C. Ho, P.T. Wong, K.M. Hui,
G. Sethi, Ursolic acid inhibits the initiation, progression of prostate cancer and
prolongs the survival of TRAMP mice by modulating pro-inflammatory pathways,
PLoS One 7 (3) (2012), 32476.

S.M. Patel, K.C. Nagulapalli Venkata, P. Bhattacharyya, G. Sethi, A. Bishayee,
Potential of neem (Azadirachta indica L.) for prevention and treatment of
oncologic diseases, Semin Cancer Biol. 40-41 (2016) 100-115.

F. Bray, J. Ferlay, I. Soerjomataram, R.L. Siegel, L.A. Torre, A. Jemal, Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries, CA Cancer J. Clin. 68 (6) (2018)
394-424,

W. Cai, Z. Xiong Chen, G. Rane, S. Satendra Singh, Z. Choo, C. Wang, Y. Yuan,
T. Zea Tan, F. Arfuso, C.T. Yap, L.S. Pongor, H. Yang, M.B. Lee, B. Cher Goh,
G. Sethi, T. Benoukraf, V. Tergaonkar, A. Prem Kumar, Wanted DEAD/H or alive:
helicases winding up in cancers, J. Natl. Cancer Inst. 109 (6) (2017).

Y.R. Puar, M.K. Shanmugam, L. Fan, F. Arfuso, G. Sethi, V. Tergaonkar, Evidence
for the involvement of the master transcription factor NF-kB in cancer initiation
and progression, Biomedicines 6 (2018) 3.

J. Monisha, N.K. Roy, G. Padmavathi, K. Banik, D. Bordoloi, A.D. Khwairakpam,
F. Arfuso, A. Chinnathambi, T.A. Alahmadi, S.A. Alharbi, G. Sethi, A.P. Kumar, A.
B. Kunnumakkara, NGAL is downregulated in oral squamous cell carcinoma and
leads to increased survival, proliferation, migration and chemoresistance, Cancers
10 (2018) 7.

P.S. Ong, L.Z. Wang, X. Dai, S.H. Tseng, S.J. Loo, G. Sethi, Judicious toggling of
mTOR activity to combat insulin resistance and cancer: current evidence and
perspectives, Front. Pharm. 7 (2016) 395.

K.W. Hon, N. Abu, N.S. Ab Mutalib, R. Jamal, miRNAs and IncRNAs as predictive
biomarkers of response to FOLFOX therapy in colorectal cancer, Front Pharm. 9
(2018) 846.

D. Hanahan, R.A. Weinberg, Hallmarks of cancer: the next generation, Cell 144
(5) (2011) 646-674.

H.L. Ang, Y. Yuan, X. Lai, T.Z. Tan, L. Wang, B.B. Huang, V. Pandey, R.Y. Huang,
P.E. Lobie, B.C. Goh, G. Sethi, C.T. Yap, C.W. Chan, S.C. Lee, A.P. Kumar, Putting
the BRK on breast cancer: from molecular target to therapeutics, Theranostics 11
(3) (2021) 1115-1128.

C. Wang, S. Kar, X. Lai, W. Cai, F. Arfuso, G. Sethi, P.E. Lobie, B.C. Goh, L. Lim,
M. Hartman, C.W. Chan, S.C. Lee, S.H. Tan, A.P. Kumar, Triple negative breast
cancer in Asia: an insider’s view, Cancer Treat. Rev. 62 (2018) 29-38.

D. Tewari, S.F. Nabavi, S.M. Nabavi, A. Sureda, A.A. Faroogi, A.G. Atanasov, R.
A. Vacca, G. Sethi, A. Bishayee, Targeting activator protein 1 signaling pathway
by bioactive natural agents: Possible therapeutic strategy for cancer prevention
and intervention, Pharm. Res. 128 (2018) 366-375.

J.H. Lee, C. Kim, S.H. Kim, G. Sethi, K.S. Ahn, Farnesol inhibits tumor growth and
enhances the anticancer effects of bortezomib in multiple myeloma xenograft
mouse model through the modulation of STAT3 signaling pathway, Cancer Lett.
360 (2) (2015) 280-293.

S.M. Kim, J.H. Lee, G. Sethi, C. Kim, S.H. Baek, D. Nam, W.S. Chung, S.H. Kim, B.
S. Shim, K.S. Ahn, Bergamottin, a natural furanocoumarin obtained from
grapefruit juice induces chemosensitization and apoptosis through the inhibition
of STAT3 signaling pathway in tumor cells, Cancer Lett. 354 (1) (2014) 153-163.
E.H. Baugh, H. Ke, A.J. Levine, R.A. Bonneau, C.S. Chan, Why are there hotspot
mutations in the TP53 gene in human cancers? Cell Death Differ. 25 (1) (2018)
154-160.

B.L. Sailo, K. Banik, S. Girisa, D. Bordoloi, L. Fan, C.E. Halim, H. Wang, A.

P. Kumar, D. Zheng, X. Mao, G. Sethi, A.B. Kunnumakkara, FBXW7 in cancer:
what has been unraveled thus far? Cancers 11 (2019) 2.

S. Mahmoudi, S. Henriksson, M. Corcoran, C. Méndez-Vidal, K.G. Wiman,

M. Farnebo, Wrap53, a natural p53 antisense transcript required for p53
induction upon DNA damage, Mol. Cell 33 (4) (2009) 462-471.

D.S. Kim, W.K. Lee, J.Y. Park, Promoter methylation of Wrap53a, an antisense
transcript of p53, is associated with the poor prognosis of patients with non-small
cell lung cancer, Oncol. Lett. 16 (5) (2018) 5823-5828.

J.M. Yuan, X.D. Li, Z.Y. Liu, G.Q. Hou, J.H. Kang, D.Y. Huang, S.X. Du, Cisplatin
induces apoptosis via upregulating Wrap53 in U-20S osteosarcoma cells, Asian
Pac. J. Cancer Prev. 12 (12) (2011) 3465-3469.


http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref143
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref143
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref144
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref144
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref144
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref144
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref145
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref145
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref146
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref146
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref146
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref147
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref147
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref147
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref148
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref148
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref149
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref149
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref150
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref150
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref151
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref151
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref152
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref152
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref153
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref153
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref153
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref153
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref154
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref154
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref154
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref155
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref155
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref155
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref155
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref155
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref155
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref155
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref155
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref155
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref155
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref155
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref155
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref155
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref155
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref155
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref156
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref156
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref156
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref156
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref156
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref157
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref157
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref157
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref157
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref158
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref158
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref159
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref159
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref159
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref160
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref160
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref160
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref160
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref161
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref161
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref161
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref161
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref161
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref162
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref162
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref162
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref163
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref163
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref163
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref164
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref164
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref164
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref165
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref165
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref165
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref165
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref166
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref166
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref166
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref167
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref167
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref167
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref168
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref168
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref168
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref168
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref168
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref169
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref169
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref169
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref169
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref170
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref170
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref170
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref170
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref170
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref171
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref171
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref171
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref171
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref172
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref172
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref172
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref172
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref173
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref173
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref173
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref174
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref174
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref174
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref174
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref175
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref175
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref175
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref175
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref176
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref176
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref176
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref177
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref177
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref177
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref177
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref177
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref178
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref178
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref178
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref179
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref179
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref179
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref180
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref180
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref181
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref181
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref181
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref181
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref182
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref182
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref182
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref183
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref183
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref183
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref183
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref184
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref184
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref184
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref184
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref185
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref185
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref185
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref185
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref186
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref186
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref186
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref187
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref187
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref187
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref188
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref188
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref188
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref189
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref189
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref189
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref190
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref190
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref190

S. Najafi et al.

[193]

[194]

[195]

[196]

[197]

[198]
[199]

[200]

[201]

[202]

[203]

[204]

[205]

[206]

[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

[217]

[218]

[219]

X. Rao, D. Huang, X. Sui, G. Liu, X. Song, J. Xie, D. Huang, Overexpression of
WRAPS53 is associated with development and progression of esophageal squamous
cell carcinoma, PLoS One 9 (3) (2014), 91670.

H. Zhang, D.W. Wang, G. Adell, X.F. Sun, WRAP53 is an independent prognostic
factor in rectal cancer- a study of Swedish clinical trial of preoperative
radiotherapy in rectal cancer patients, BMC Cancer 12 (2012) 294.

B. Muz, P. de la Puente, F. Azab, A.K. Azab, The role of hypoxia in cancer
progression, angiogenesis, metastasis, and resistance to therapy, Hypoxia 3
(2015) 83-92.

Z. Ma, L.Z. Wang, J.T. Cheng, W. Lam, X. Ma, X. Xiang, A.L. Wong, B.C. Goh,
Q. Gong, G. Sethi, L. Wang, Targeting hypoxia-inducible factor-1-mediated
metastasis for cancer therapy, Antioxid. Redox Signal. 34 (18) (2021) 1484-1497.
M.K. Shanmugam, S. Warrier, A.P. Kumar, G. Sethi, F. Arfuso, Potential role of
natural compounds as anti-angiogenic agents in cancer, Curr. Vasc. Pharm. 15 (6)
(2017) 503-519.

K.L. Eales, K.E. Hollinshead, D.A. Tennant, Hypoxia and metabolic adaptation of
cancer cells, Oncogenesis 5 (1) (2016), 190.

L. Iommarini, A.M. Porcelli, G. Gasparre, 1. Kurelac, Non-canonical mechanisms
regulating hypoxia-inducible factor 1 alpha in cancer, Front. Oncol. 7 (2017) 286.
D. Singh, R. Arora, P. Kaur, B. Singh, R. Mannan, S. Arora, Overexpression of
hypoxia-inducible factor and metabolic pathways: possible targets of cancer, Cell
Biosci. 7 (2017) 62.

T. Uchida, F. Rossignol, M.A. Matthay, R. Mounier, S. Couette, E. Clottes,

C. Clerici, Prolonged hypoxia differentially regulates hypoxia-inducible factor
(HIF)-1alpha and HIF-2alpha expression in lung epithelial cells: implication of
natural antisense HIF-1lalpha, J. Biol. Chem. 279 (15) (2004) 14871-14878.
C.A. Thrash-Bingham, K.D. Tartof, aHIF: a natural antisense transcript
overexpressed in human renal cancer and during hypoxia, J. Natl. Cancer Inst. 91
(2) (1999) 143-151.

R. Mounier, V. Pialoux, A. Cayre, L. Schmitt, J.P. Richalet, P. Robach, F. Lasne,
B. Roels, G. Millet, J. Coudert, E. Clottes, N. Fellmann, aHIF but not HIF-1alpha
transcript is a poor prognostic marker in human breast cancer, Breast Cancer Res.
5 (6) (2003) R223-R230.

W.M. Chen, M.D. Huang, R. Kong, T.P. Xu, E.B. Zhang, R. Xia, M. Sun, W. De, Y.
Q. Shu, Antisense long noncoding RNA HIF1A-AS2 is upregulated in gastric
cancer and associated with poor prognosis, Dig. Dis. Sci. 60 (6) (2015)
1655-1662.

T. Lu, J. Tang, B. Shrestha, B.R. Heath, L. Hong, Y.L. Lei, M. Ljungman,

N. Neamati, Up-regulation of hypoxia-inducible factor antisense as a novel
approach to treat ovarian cancer, Theranostics 10 (15) (2020) 6959-6976.

B. Li, Q. Huang, G.H. Wei, The role of HOX transcription factors in cancer
predisposition and progression, Cancers 11 (2019) 4.

M. Sun, F. Nie, Y. Wang, Z. Zhang, J. Hou, D. He, M. Xie, L. Xu, W. De, Z. Wang,
J. Wang, LncRNA HOXA11-AS promotes proliferation and invasion of gastric
cancer by scaffolding the chromatin modification factors PRC2, LSD1, and
DNMT1, Cancer Res. 76 (21) (2016) 6299-6310.

A. Bhan, S.S. Mandal, LncRNA HOTAIR: a master regulator of chromatin
dynamics and cancer, Biochim. Biophys. Acta 1856 (1) (2015) 151-164.

J.Y. Xue, C. Huang, W. Wang, H.B. Li, M. Sun, M. Xie, HOXA11-AS: a novel
regulator in human cancer proliferation and metastasis, Onco Targets Ther. 11
(2018) 4387-4393.

F. Xu, J. Zhang, Long non-coding RNA HOTAIR functions as miRNA sponge to
promote the epithelial to mesenchymal transition in esophageal cancer, Biomed.
Pharm. 90 (2017) 888-896.

I. Nakayama, M. Shibazaki, A. Yashima-Abo, F. Miura, T. Sugiyama, T. Masuda,
C. Maesawa, Loss of HOXD10 expression induced by upregulation of miR-10b
accelerates the migration and invasion activities of ovarian cancer cells, Int. J.
Oncol. 43 (1) (2013) 63-71.

C. Ding, S. Cheng, Z. Yang, Z. Lv, H. Xiao, C. Du, C. Peng, H. Xie, L. Zhou, J. Wu,
S. Zheng, Long non-coding RNA HOTAIR promotes cell migration and invasion
via down-regulation of RNA binding motif protein 38 in hepatocellular carcinoma
cells, Int. J. Mol. Sci. 15 (3) (2014) 4060-4076.

R. Kogo, T. Shimamura, K. Mimori, K. Kawahara, S. Imoto, T. Sudo, F. Tanaka,
K. Shibata, A. Suzuki, S. Komune, S. Miyano, M. Mori, Long noncoding RNA
HOTAIR regulates polycomb-dependent chromatin modification and is associated
with poor prognosis in colorectal cancers, Cancer Res. 71 (20) (2011) 6320-6326.
K. Kim, I. Jutooru, G. Chadalapaka, G. Johnson, J. Frank, R. Burghardt, S. Kim,
S. Safe, HOTAIR is a negative prognostic factor and exhibits pro-oncogenic
activity in pancreatic cancer, Oncogene 32 (13) (2013) 1616-1625.

Y. Zhang, W.J. Chen, T.Q. Gan, X.L. Zhang, Z.C. Xie, Z.H. Ye, Y. Deng, Z.F. Wang,
K.T. Cai, S.K. Li, D.Z. Luo, G. Chen, Clinical significance and effect of IncRNA
HOXA11-AS in NSCLC: a study based on bioinformatics, in vitro and in vivo
verification, Sci. Rep. 7 (1) (2017) 5567.

J.C. Su, X.F. Hu, Long non-coding RNA HOXA11-AS promotes cell proliferation
and metastasis in human breast cancer, Mol. Med. Rep. 16 (4) (2017) 4887-4894.
W. Li, G. Jia, Y. Qu, Q. Du, B. Liu, B. Liu, Long non-coding RNA (LncRNA)
HOXA11-AS promotes breast cancer invasion and metastasis by regulating
epithelial-mesenchymal transition, Med. Sci. Monit. 23 (2017) 3393-3403.

M.J. Milevskiy, F. Al-Ejeh, J.M. Saunus, K.S. Northwood, P.J. Bailey, J.A. Betts, A.
E. McCart Reed, K.P. Nephew, A. Stone, J.M. Gee, D.H. Dowhan, E. Dray, A.

M. Shewan, J.D. French, S.L. Edwards, S.J. Clark, S.R. Lakhani, M.A. Brown,
Long-range regulators of the IncRNA HOTAIR enhance its prognostic potential in
breast cancer, Hum. Mol. Genet. 25 (15) (2016) 3269-3283.

M.Y. Lu, Y.W. Liao, P.Y. Chen, P.L. Hsieh, C.Y. Fang, C.Y. Wu, M.L. Yen, B.

Y. Peng, D.P. Wang, H.C. Cheng, C.Z. Wu, Y.H. Shih, D.J. Wang, C.C. Yu, L.L. Tsai,
Targeting LncRNA HOTAIR suppresses cancer stemness and metastasis in oral

15

[220]

[221]

[222]

[223]

[224]

[225]

[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

[234]

[235]

[236]

[237]

[238]

[239]

[240]

[241]

[242]

Biomedicine & Pharmacotherapy 145 (2022) 112265

carcinomas stem cells through modulation of EMT, Oncotarget 8 (58) (2017)
98542-98552.

Y. Pan, Y. Wu, J. Hu, Y. Shan, J. Ma, H. Ma, X. Qi, L. Jia, Long noncoding RNA
HOTAIR promotes renal cell carcinoma malignancy through alpha-2, 8-sialyl-
transferase 4 by sponging microRNA-124, Cell Prolif. 51 (6) (2018), 12507.

P. Ji, S. Diederichs, W. Wang, S. Boing, R. Metzger, P.M. Schneider, N. Tidow,
B. Brandt, H. Buerger, E. Bulk, M. Thomas, W.E. Berdel, H. Serve, C. Miiller-
Tidow, MALAT-1, a novel noncoding RNA, and thymosin beta4 predict metastasis
and survival in early-stage non-small cell lung cancer, Oncogene 22 (39) (2003)
8031-8041.

V. Tripathi, J.D. Ellis, Z. Shen, D.Y. Song, Q. Pan, A.T. Watt, S.M. Freier, C.

F. Bennett, A. Sharma, P.A. Bubulya, B.J. Blencowe, S.G. Prasanth, K.V. Prasanth,
The nuclear-retained noncoding RNA MALAT1 regulates alternative splicing by
modulating SR splicing factor phosphorylation, Mol. Cell 39 (6) (2010) 925-938.
J.N. Hutchinson, A.W. Ensminger, C.M. Clemson, C.R. Lynch, J.B. Lawrence,

A. Chess, A screen for nuclear transcripts identifies two linked noncoding RNAs
associated with SC35 splicing domains, BMC Genom. 8 (2007) 39.

L. Ying, Q. Chen, Y. Wang, Z. Zhou, Y. Huang, F. Qiu, Upregulated MALAT-1
contributes to bladder cancer cell migration by inducing epithelial-to-
mesenchymal transition, Mol. Biosyst. 8 (9) (2012) 2289-2294.

L.H. Schmidt, T. Spieker, S. Koschmieder, S. Schaffers, J. Humberg, D. Jungen,
E. Bulk, A. Hascher, D. Wittmer, A. Marra, L. Hillejan, K. Wiebe, W.E. Berdel,
R. Wiewrodt, C. Muller-Tidow, The long noncoding MALAT-1 RNA indicates a
poor prognosis in non-small cell lung cancer and induces migration and tumor
growth, J. Thorac. Oncol. 6 (12) (2011) 1984-1992.

T. Gutschner, M. Hammerle, M. Eissmann, J. Hsu, Y. Kim, G. Hung, A. Revenko,
G. Arun, M. Stentrup, M. Gross, M. Zornig, A.R. MacLeod, D.L. Spector,

S. Diederichs, The noncoding RNA MALATT1 is a critical regulator of the
metastasis phenotype of lung cancer cells, Cancer Res. 73 (3) (2013) 1180-1189.
L. Yin, F. Zhao, H. Sun, Z. Wang, Y. Huang, W. Zhu, F. Xu, S. Mei, X. Liu,

D. Zhang, L. Wei, S. Cen, S. Hu, C. Liang, F. Guo, CRISPR-Cas13a Inhibits HIV-1
Infection. Molecular therapy, Nucleic Acids 21 (2020) 147-155.

Z. Hua, K. Ma, S. Liu, Y. Yue, H. Cao, Z. Li, LncRNA ZEB1-AS1 facilitates ox-LDL-
induced damage of HCtAEC cells and the oxidative stress and inflammatory
events of THP-1 cells via miR-942/HMGBI signaling, Life Sci. 247 (2020),
117334.

A.V. Savonenko, T. Melnikova, F.M. Laird, K.A. Stewart, D.L. Price, P.C. Wong,
Alteration of BACE1-dependent NRG1/ErbB4 signaling and schizophrenia-like
phenotypes in BACE1-null mice, Proc. Natl. Acad. Sci. U.S.A. 105 (14) (2008)
5585-5590.

M. Willem, S. Lammich, C. Haass, Function, regulation and therapeutic properties
of beta-secretase (BACE1), Semin Cell Dev. Biol. 20 (2) (2009) 175-182.

L. Xu, Q. Dong, L. Xu, W. Zou, H. Li, The MCP-1 A-2518G polymorphism increases
the risk of Alzheimer’s disease: a case-control study, Neurosci. Lett. 749 (2021),
135710.

V. Siokas, S. Arseniou, A.M. Aloizou, Z. Tsouris, I. Liampas, M. Sgantzos,

P. Liakos, D.P. Bogdanos, G.M. Hadjigeorgiou, E. Dardiotis, CD33 rs3865444 as a
risk factor for Parkinson’s disease, Neurosci. Lett. 748 (2021), 1357009.

A. Natarajan, S. Sudha Bandla, M. Damodaran, S. Sundaram, V. Venkatesan,
Study on the SFRP4 gene polymorphism and expression in prostate cancer,

J. Genet. 99 (2020).

S.C. Tan, M.P. Ismail, D.R. Duski, N.H. Othman, R. Ankathil, FAS c.-671A>G
polymorphism and cervical cancer risk: a case-control study and meta-analysis,
Cancer Genet 211 (2017) 18-25.

V.K. Ramanan, X. Wang, S.A. Przybelski, S. Raghavan, M.G. Heckman, A. Batzler,
M.L. Kosel, T.J. Hohman, D.S. Knopman, J. Graff-Radford, V.J. Lowe, M.

M. Mielke, Jr Jack CR, R.C. Petersen, O.A. Ross, P. Vemuri, Variants in PPP2R2B
and IGF2BP3 are associated with higher tau deposition, Brain Commun. 2 (2)
(2020), 159.

M. Zhou, Y. Lin, L. Lu, Z. Zhang, W. Guo, G. Peng, W. Zhang, Z. Zhu, Z. Wu,
M. Mo, X. Yang, X. Zhu, C. Chen, X. Chen, P. Xu, Association of ADAM10 gene
variants with sporadic Parkinson’s disease in Chinese Han population, J. Gene
Med. 23 (2021), 3319.

T. Li, J. Jing, N. Dong, X. Liu, C. Ma, J. Yang, TLR4 rs1927914 polymorphism
contributes to serum TLR4 levels in patients with aortic aneurysm, Exp. Mol.
Pathol. 119 (2021), 104609.

B.K. Fortini, S. Tring, M.A. Devall, M.W. Ali, S.J. Plummer, G. Casey, SNPs
associated with colorectal cancer at 15q13.3 affect risk enhancers that modulate
GREM1 gene expression, Hum. Mutat. 42 (3) (2021) 237-245.

S.C. Tan, M.S. Suzairi, A.A. Aizat, M.M. Aminudin, M.S. Nurfatimah, V.

M. Bhavaraju, B.M. Biswal, R. Ankathil, Gender-specific association of NFKBIA
promoter polymorphisms with the risk of sporadic colorectal cancer, Med. Oncol.
30 (4) (2013) 693.

S.H. Cho, J.H. Kim, H.W. Park, H.S. Park, H.J. An, Y.R. Kim, E.H. Ahn, W.S. Lee,
N.K. Kim, Associations between HOTAIR polymorphisms rs4759314, rs920778,
151899663, and rs7958904 and risk of primary ovarian insufficiency in Korean
women, Maturitas 144 (2021) 74-80.

N. Saeedi, S. Ghorbian, Analysis of clinical important of LncRNA-HOTAIR gene
variations and ovarian cancer susceptibility, Mol. Biol. Rep. 47 (10) (2020)
7421-7427.

A. Moazeni-Roodi, S. Aftabi, S. Sarabandi, S. Karami, M. Hashemi, S. Ghavami,
Genetic association between HOTAIR gene and the risk of cancer: an updated
meta-analysis, J. Genet. 99 (2020).


http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref191
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref191
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref191
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref192
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref192
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref192
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref193
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref193
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref193
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref194
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref194
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref194
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref195
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref195
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref195
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref196
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref196
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref197
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref197
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref198
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref198
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref198
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref199
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref199
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref199
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref199
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref200
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref200
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref200
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref201
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref201
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref201
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref201
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref202
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref202
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref202
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref202
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref203
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref203
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref203
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref204
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref204
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref205
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref205
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref205
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref205
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref206
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref206
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref207
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref207
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref207
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref208
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref208
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref208
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref209
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref209
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref209
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref209
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref210
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref210
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref210
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref210
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref211
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref211
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref211
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref211
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref212
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref212
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref212
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref213
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref213
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref213
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref213
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref214
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref214
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref215
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref215
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref215
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref216
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref216
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref216
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref216
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref216
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref217
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref217
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref217
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref217
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref217
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref218
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref218
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref218
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref219
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref219
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref219
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref219
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref219
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref220
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref220
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref220
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref220
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref221
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref221
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref221
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref222
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref222
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref222
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref223
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref223
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref223
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref223
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref223
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref224
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref224
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref224
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref224
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref225
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref225
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref225
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref226
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref226
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref226
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref226
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref227
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref227
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref227
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref227
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref228
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref228
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref229
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref229
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref229
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref230
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref230
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref230
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref231
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref231
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref231
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref232
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref232
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref232
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref233
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref233
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref233
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref233
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref233
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref234
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref234
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref234
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref234
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref235
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref235
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref235
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref236
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref236
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref236
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref237
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref237
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref237
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref237
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref238
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref238
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref238
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref238
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref239
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref239
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref239
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref240
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref240
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref240

S. Najafi et al.

[243] J.O. Kim, H.H. Jun, E.J. Kim, J.Y. Lee, H.S. Park, C.S. Ryu, S. Kim, D. Oh, J.
W. Kim, N.K. Kim, Genetic variants of HOTAIR associated with colorectal cancer
susceptibility and mortality, Front Oncol. 10 (2020) 72.

[244] D. Jiang, L. Xu, Functional polymorphisms in LncRNA HOTAIR contribute to
susceptibility of pancreatic cancer, Cancer Cell Int. 19 (2019) 47.

16

Biomedicine & Pharmacotherapy 145 (2022) 112265

[245] A. Rakhshan, N. Zarrinpour, A. Moradi, M. Ahadi, M.D. Omrani, S. Ghafouri-Fard,
M. Taheri, A single nucleotide polymorphism within HOX transcript Antisense
RNA (HOTAIR) is associated with risk of psoriasis, Int. J. Immunogenet. 47 (5)
(2020) 430-434.


http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref241
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref241
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref241
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref242
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref242
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref243
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref243
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref243
http://refhub.elsevier.com/S0753-3322(21)01049-0/sbref243

	Gene regulation by antisense transcription: A focus on neurological and cancer diseases
	1 Introduction
	2 The natural antisense transcripts (NATs)
	3 The role of NATs in physiology and pathology
	4 NATs in neurodegenerative diseases
	4.1 Alzheimer’s disease (AD)
	4.1.1 BACE1-antisense RNA (BACE1-AS)
	4.1.2 SOX21 antisense divergent transcript 1 (SOX21-AS1)
	4.1.3 MAGI2 antisense RNA 3 (MAGI2-AS3)
	4.1.4 MAPT antisense RNA 1 (MAPT-AS1)
	4.1.5 LRP1 antisense RNA (LRP1-AS)
	4.1.6 Antisense non-coding RNA in the INK4 locus (ANRIL)
	4.1.7 BDNF antisense RNA (BDNF-AS)
	4.1.8 GDNF antisense RNA (GDNF-AS)

	4.2 Parkinson’s disease (PD)
	4.2.1 MAPT antisense RNA 1 (MAPT-AS1)
	4.2.2 UCHL1 antisense RNA 1 (UCHL1-AS1)
	4.2.3 BDNF antisense RNA (BDNF-AS)

	4.3 Huntington’s disease (HD)
	4.3.1 HTT antisense RNA (HTT-AS)

	4.4 Amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD)
	4.5 Spinal muscular atrophy (SMA)
	4.6 Spinocerebellar ataxia type 8 (SCA8)
	4.7 Fragile X syndrome (FXS) and fragile X-associated tremor and ataxia syndrome (FXTAS)

	5 NATs in cancers
	5.1 WD40-encoding RNA antisense to p53 (WRAP53)
	5.2 HIF1A antisense RNA 2 (HIF1A-AS2)
	5.3 HOXA11 antisense RNA (HOXA11-AS) and HOX antisense intergenic RNA (HOTAIR)
	5.4 MALAT1 antisense RNA (TALAM1)

	6 NATs in other diseases
	7 Conclusions and future perspectives
	Funding
	CRediT authorship contribution statement
	Conflict of interest statement
	Acknowledgements
	References


