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ARTICLE INFO ABSTRACT

Keywords: Bladder cancer (BC) is a highly frequent neoplasm in correlation with significant rate of morbidity, mortality, and
Urinary bladder neoplasms cost. The onset of BC is predominantly triggered by environmental and/or occupational exposures to carcino-
Cisplatin

gens, such as tobacco. There are two distinct pathways by which BC can be developed, including non-muscle-
invasive papillary tumors (NMIBC) and non-papillary (or solid) muscle-invasive tumors (MIBC). The Cancer
Genome Atlas project has further recognized key genetic drivers of MIBC along with its subtypes with particular
properties and therapeutic responses; nonetheless, NMIBC is the predominant BC presentation among the
suffering individuals. Radical cystoprostatectomy, radiotherapy, and chemotherapy have been verified to be the
common therapeutic interventions in metastatic tumors, among which chemotherapeutics are more conven-
tionally utilized. Although multiple chemo drugs have been broadly administered for BC treatment, cisplatin is
reportedly the most effective chemo drug against the corresponding malignancy. Notwithstanding, tumor
recurrence is usually occurred following the consumption of cisplatin regimens, particularly due to the pro-
gression of chemo-resistant trait. In this framework, non-coding RNAs (ncRNAs), as abundant RNA transcripts
arise from the human genome, are introduced to serve as crucial contributors to tumor expansion and cisplatin
chemo-resistance in bladder neoplasm. In the current review, we first investigated the best-known ncRNAs, i.e.
microRNAs (miRNAs), long ncRNAs (IncRNAs), and circular RNAs (circRNAs), correlated with cisplatin chemo-
resistance in BC cells and tissues. We noticed that these ncRNAs could mediate the BC-related cisplatin-resistant
phenotype through diverse cellular processes and signaling mechanisms, reviewed here. Eventually, diagnostic
and prognostic potential of ncRNAs, as well as their therapeutic capabilities were highlighted in regard to BC
management.
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M. Hashem et al.
1. Introduction

Bladder cancer (BC), which is common among urogenital neoplasms,
is responsible for 5-10 % of all male specific cancers. The male-to-female
ratio of this malignancy has been estimated to be 2: 1 to 6: 1 according to
the geographical region [1]. BC has the ability of either being localized
or develop to the bladder’s muscle layer, the lymphatic system, and
distant organs. In this regard, invasive BC is attributed to a condition, in
which a tumor with the origin of bladder invades into the muscle layer of
the corresponding organ. Unfortunately, systemic spread threats BC
patients even in the presence of adequate eradication of localized dis-
ease [2].

In clinical setting, cisplatin is commonly administered to cure BC
patients; however, this is not an efficient chemotherapeutic agent, and
thus should be used in combination with other chemo drugs, viz.
methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC) combi-
nation therapy as well as gemcitabine and cisplatin (GC) regimen. These
cisplatin-based adjuvant therapies have also been realized to be
important in treatment of MIBC, which is known as muscle-invasive BC.
Nevertheless, only 50 % of MIBC cases respond to cisplatin-based che-
motherapies [3,4]. Moreover, gradual development of drug resistance
disrupts the process of chemotherapy in a significant portion of patients
as it induces the recurrence and expansion of tumors. Hence, impeding
the chemo-resistance concurrent with finding more effective therapeutic
strategies is necessarily required to overcome the bladder neoplasm [5].
Substantially, achieving this goal depends on the discovery of molecules
and biological pathways, contributing to the occurrence of cisplatin
resistance.

In this framework, non-coding RNAs (ncRNAs) have been identified
to be in correlation with cisplatin chemo-resistance during BC. NcRNAs
are particular RNA molecules transcribed from the human genome,
which most of them do not contain the ability of encoding proteins. They
are involved in a vast array of biological processes from gene expression
regulation to protein function modulation [6,7]. Among diverse subsets
of ncRNAs, microRNAs (miRNAs), long non-coding RNAs (IncRNAs),
and circular RNAs (circRNAs) are the commonest molecules participated
in BC and its drug resistance. It has been confirmed that the corre-
sponding RNA molecules can positively and/or negatively regulate
cisplatin resistance by targeting multiple signaling mechanisms [8].
MiR-203 and circELP3 are respectively exemplified as a miRNA and a
hypoxia-induced circular RNA that regulate cisplatin resistance through
BC progression [9,10].

For a better understanding of the existing crosstalk between ncRNAs
and cisplatin resistance in BC, the current review aims to detail molec-
ular mechanisms and signaling pathways by which ncRNAs are linked to
cisplatin resistance in BC, which might provide new insights for mini-
mizing this type of drug resistance in the near future. Recent method-
ological advancements, such as single-cell sequencing, have provided
new perspectives on eradication of cancer drug resistance. Indeed, the
corresponding technologies uncover a range of information on individ-
ual drug-resistant cells to clarify mechanisms, being central to ncRNA-
mediated cisplatin resistance in BC patients. Unraveling these mecha-
nisms may in turn help other technologies for further suppression of
cisplatin resistance, especially in conjugation with nanotechnology. In
parenthesis, designing ncRNA-based nano-delivery systems will
improve BC cisplatin resistance in a more reliable manner.

2. A brief survey on bladder cancer and conventional therapies

“Different geographical classifications represent diverse degrees of
BC incidence”, WHO says. In this regard, BC is more prevalent in
developed countries compared to the less developed counterparts. BC is
a multifactorial neoplasm that its onset is affected by smoking, over-
weight, alcohol consumption, and uncontrolled use of red meat, in
which tobacco smoking is the commonest risk determiner [11]. BC can
manifest as NMIBC, MIBC, or metastatic BC, each with different
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molecular characteristics. Improved knowledge of bladder cancer
biology, along with extensive gene expression and sequencing studies,
have resulted in more clinically beneficial targeted therapies and potent
immunotherapies. These improvements have also enabled clinicians to
classify bladder cancer into different molecular and histological sub-
types (Fig. 1) [2].

MIBC is usually controlled by preventing the local and metastatic
recurrence; however, the neoadjuvant platinum-based chemotherapy
followed by radical cystectomy is currently used as the standard of care
for MIBC therapy [12,13]. Hence chemo-resistance is an obstacle in this
area, finding routes responsible for chemo-sensitivity may spare un-
necessary cytotoxicity and posiible fatal delay in radical cystectomy for
chemo-resistant BC patients [13]. Cisplatin is the commonest
chemo-drug used in BC therapy and there are a number of genes have
been found to be involved in cisplatin resistance as well as other drugs
resistance to diverse degrees. Copper transporter 1 (CTR1) that conducts
the transportation of cisplatin into BC cells [14], is a great example in
this framework, which has been realized to be considerably overex-
pressed in patients who have more desirable therapeutic outcomes [15].
Beyond, a plenty of chemo agents typically act by binding to and then
disrupting the DNA that is detectable in BC through the
under-expression or loss of function of the DNA damage response genes,
viz. excision repair cross complementation group 1 (ERCC1) and ERCC2
[16], as well as breast cancer gene 1 (BRCA1) [17], as the strong in-
dicators of cisplatin sensitivity and patient OS enhancement [18,19].
According to a recently conducted phase II clinical trial, the
co-expression extrapolation (COXEN) biomarker concept has been
recognized to predict patient’s tumor response by considering the sen-
sitivities of in vitro cell lines and their well-known genomic profiles [20].
This trial proudly presented that COXEN Gemcitabine + Cisplatin had
the ability of being an ideal predictor for down-staging when study
participants in the Gembitabine + Cisplatin and dose dense MVAC
(Methotrexate + Vinblastine Sulfate + Doxyrubicin Hydrochloride
(Adriamycin) + Cisplatin) arms were combined (Fig. 1) [21].

Compared to other neoplasms, MIBC, like melanoma and non-small
cell lung cancer (NSCLC), contains the highest mutational profile.
Such malignancies respond to immune checkpoint inhibitors (ICIs) in a
very desirable manner. In this context, atezolizumab, as a monoclonal
antibody that binds to the programmed cell death ligand 1 (PDL1) im-
mune checkpoint, received the Food and Drug Association (FDA)
approvement for being administered to cure MIBC patients [22,23].
Although this agent was found to be successful in treatment of advanced
BC, the FDA did not consider its benefit-risk profile suitable for all pa-
tients resistant to cisplatin. Thus, the therapeutic indication for both
atezolizumab and pembrolizumab was then modified to include only
MIBC patients with high expression levels of PDL1 that do not respond to
cisplatin-based chemotherapies or those who are resistant to any
platinum-based chemotherapy without consideration for PDL1 expres-
sion patterns [24]. After a while, the anti-PDL1 drug avelumab was
approved for a dramatic treatment selection for first-line maintenance
therapy for MIBC patients who are chemotherapy responder. Further-
more, the corresponding avelumab is approved by the FDA for patients
who experience MIBC recurrence. This agent is also beneficial against
metastatic BCs as well as locally advanced urothelial BC during the
phase II and III trial evaluations. Thereby, it can be assumed that MIBC
has no particular maintenance therapy in clinic, however ICI agents are
likely to shine like precious diamonds [25,26].

To enhance the efficacy of conventional cisplatin-based therapies,
researchers noticed that they should maximize the contact time of
chemo drug with regard to the cancer cells lining the bladder lumen
through implantation of carriers that provide a localized diffusion of the
drug over time [27]. The major challenge on this road is cisplatin
resistance, which is discussed in detail in the following paragraphs.
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3. Chemo-resistance in bladder cancer; focusing on cisplatin
resistance

BC is generally a chemo-sensitive neoplasm with a therapeutic
response rate of 50-70 % to first-line therapies; however, it has a very
poor prognosis in patients who experience post-chemotherapy recur-
rence. There is not yet a consensus in the eradication of or even mini-
mizing cisplatin-resistance during BC [28]. In some European countries,
vinflunine is accepted as a second-line chemotherapy for patients
developed BC during frontline or perioperative platinum-containing
treatments. Taxans and/or gemcitabine-containing regimens can also
be secondarily valuated case by case [29]. The median time from
randomization to progression or death, which is briefly defined as
progression-free survival (PFS), has been found to vary from 3 to 4
months for second-line therapies [29].

As mentioned before, cisplatin is the backbone for chemotherapy
regimens during BC treatment. It can be used as in combination with
methotrexate, vinblastine, Adriamycin, and cisplatin, as the MVAC
regimen or even as a part of gemcitabine and cisplatin (Gem-Cis) com-
bination therapy. Considering the cisplatin ability of being diffused into
the cell, it can interacts with the DNA strands. Following this interaction,
cisplatin becomes activated by substituting its two chloride ligands with
water molecules. The activated cisplatin will then disrupt the DNA
structure, and the cell will be died due to the DNA damage-mediated
activation of apoptotic flux [30]. Notwithstanding, cisplatin is mostly
challenged by chemo-resistance in BC, by which the response rate hardly
exceeds 50 % [29,31]. Thus, BC patients would likely benefit from a
predictive test that can be analyzed on the biopsy specimens taken from
the bladder tissue. A comprehensive understanding of molecular
mechanisms involved in chemo-resistance is definitely needed to
develop a suitable predictive marker.

A vast array of mechanisms, including drug inactivation, changes in
drug target, drug efflux, DNA damage repair, apoptosis suppression, the
epithelial-mesenchymal transition (EMT), and cholesterol metabolism
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impairment, have been realized to be responsible for the development of
cisplatin resistance in BC cells (Fig. 2) [32]. Beyond the mentioned
mechanisms, the m6A demethylation, which is the commonest internal
RNA modification in eukaryotic cells, has been determined to affect the
chemo-resistance against cisplatin [33]. In this regard, AlkB homolog 5
RNA demethylase (ALKBH5), as a m6A demethylase, is repressed in BC
tissues and cell lines, which in turn provokes cisplatin resistance. Once
the ALKBHS5 is overexpressed, it triggers chemo-sensitivity through
glycolysis mediated by casein kinase 2 (CK2) o in a m6A-dependent
manner to regulate the survivability during BC [34]. Cisplatin effec-
tiveness can also be diminished in the presence of high androgen con-
centrations; brix domain-containing protein 2 (BXDC2) is a molecule at
the downstream of androgen receptor signaling pathway that can block
the androgen receptor (AR) activity [35]. On this road, cisplatin sensi-
tivity has interestingly been found to be enhanced in BC by regulating
the BXDC2 activity that is resulted by the suppression of the AR pathway
in conjugation with the extracellular signal-induced kinase (ERK)
signaling [35].

The glycoprotein 130 (gp130) is a receptor subunit responsible for
intracellular signaling that is needed for the cellular motivation and
action of multiple cytokines. Previous studies tell us that this glyco-
protein tends to have a direct relationship with cisplatin resistance [36].
The before stated relationship is further confirmed when gp130
down-modulation enhances cisplatin-chemo-sensitivity by triggering
DNA repair mechanisms through induction of Ku 70, which is known for
its ability in launching the canonical non-homologous end joining repair
(c-NHEJ) along with blocking the apoptotic tract. A positive correlation
exists between Ku 70 and gp130, such that gp130 silencing by a small
molecule inhibitor (SMI) combined with cisplatin could trigger DNA
double stranded breaks, apoptotic cell death, and decreases cell viability
in BC through exerting an inhibitory effect on Ku 70 [36].

In addition to all those mechanisms, hypoxic conditions, simulated in
laboratory, were found to block cisplatin chemo-sensitization of BC
cells, as hypoxia provokes cisplatin resistance by inducing autophagy in
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Fig. 1. Bladder cancer and conventional therapies.
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Fig. 2. Cisplatin resistance in bladder cancer.

BIU-87 BC cell line [37]. Apoptosis and autophagy, mediated by
cisplatin, were switched off concurrent with the addition of a
hypoxia-inducible factor (HIF-1a) — inhibitor. This finding put on an
avenue to the possible roles of hypoxia-autophagy pathway in clinical
management of BC cisplatin resistance [37]. The existing interaction
between cisplatin resistance and the ubiquitin proteasome systems
(UPS) is the last mechanisms discussed here; literally, cisplatin can
stimulate the UPS activation and then chemo-resistance by activating
the endoplasmic reticulum (ER) stress through the unfolded protein
aggregation, demonstrating the substantial role of UPS in the regulation
of cisplatin resistance during BC [38].

4. Non-coding RNAs, small molecules with big roles: recent
advances and emerging trends

NcRNAs, as RNA molecules without the ability of producing func-
tional proteins have various functions inside the cell. The study of
ncRNAs is advancing fast, as new information about their different
types, uses, and roles is constantly being discovered. NcRNAs that can
regulate the expression of other genes are especially important, as they
can affect both normal and abnormal cellular processes. ncRNAs are
widely involved in many biological functions, and therefore have great
potential for biomedical applications. They can be used as biomarkers,
which are indicators of disease states, or as therapeutic agents, which
are substances that can treat diseases. Many ncRNA-based therapies
have been suggested for varied conditions, and some have even been
tested in clinical trials. However, to make an RNA product that can be
used for medical purposes, certain standards must be met, such as
ensuring the purity, stability, and bioactivity of the RNA [39].

In this context, ncRNA transcripts are attractive candidates for
treating cancer and other human diseases. These ncRNAs do not produce
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proteins, but they can regulate the expression of other genes. In the past
decade, many RNA-based therapies have used antisense oligonucleo-
tides and small interfering RNAs, which can bind to and silence specific
RNA molecules. Some of these therapies have received FDA approval,
but the results of clinical trials have been inconsistent, with some
showing significant benefits and others having little effect or causing
side effects. New approaches are being tested, such as anti-miRNAs,
which can block the function of miRNAs. There is also a growing in-
terest in IncRNA-based therapies, which can modulate various cellular
processes [40,41].

Genome editing systems have made great strides in finding new ways
to treat human diseases, with the CRISPR/Cas9 mediated ncRNA editing
system standing out for its ability to directly alter target genes or create
multifunctional tools. These systems have also shown promise in treat-
ing other diseases that are discussed in this article. At the same time,
gene editing technologies have helped improve cell imaging, gene
expression control, epigenetic change, drug development, gene function
testing, and gene diagnosis. Novel genome editing combinations and
more precise nanoscale carriers have increased the effectiveness and
decreased the harm of delivering the gene editing tools, making them
more suitable for clinical use. It is likely that genome editing technology
can eventually reveal the biological secrets behind disease onset and
progression, offer new treatments, and advance the field of life sciences,
with more research on this technology [40,42].

Almost 98 % of the human genome is transcribed to ncRNA tran-
scripts [43]. NcRNAs were initially considered as transcriptional noises
or the waste of RNA processing, until more specialized evaluations have
found these RNA molecules as functional contributors to the majority of
cellular processes, such as apoptosis, cell proliferation, autophagy,
migration, necrosis, etc [44,45]. Regarding the substantial role of
ncRNAs in physiological and pathological pathways, much attention has
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been paid to them through the recent decades. There are several ncRNAs
identified to date, but miRNAs, IncRNAs, and circRNAs are the
best-known ncRNAs subtypes that are categorized on the basis of size,
function, and structure (Fig. 3) [44-46].

4.1. MicroRNAs

MiRNAs are small single-stranded RNA molecules with about 22
nucleotides in length that regulate mRNA stability and/or translation by
facilitating base-pairing between the 5' regions 2-7 or 2-8 of the miRNA
and ~7 bp MREs in the 3'-UTR of the target mRNAs within the RISC [45,
47]. Primary transcript of most miRNAs is generated in the form of
pri-miRNAs, and then processed intracellularly by the DROSHA-DGCR8
microprocessor complex [47,48]. In this context, single nucleotide
polymorphisms (SNPs) in DROSHA-coding gene are strongly correlated
with the expansion of many tumors. Once pre-miRNA enters the cyto-
plasm, the DICER-transactivating response RNA-binding protein (TRBP)
complex begins to unwind the double-stranded pre-miRNA, which in
turn facilitates the interaction of miRNA’s one strand (so-called the
guide strand) with the RISC complex containing catalytic Argonaut
proteins, such as AGO2. The other strand, i.e. passenger strand, which
did not interact with RISC, undergoes degradation [49].

There are several studies that have confirmed the alterations in
miRNA expression profiles through cisplatin resistance in diverse cancer
lines, such as gastrointestinal cancers [50], hepatocellular carcinoma
(HCC) [51], ovarian cancer, NSCLC, and germ line malignancies [52,
53]. Consistently, miRNA-27a can be exemplified as a key regulator of
chemo-resistance and prognosis in BC; a recently conducted study
demonstrated that miRNA-27a was under-expressed in fixed formalin
paraffin embedded samples collected from the bladder cancerous tissues
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from patients with recurrence and disease expansion, which was not
observed in those who experienced a complete response [54].

4.2. Long non-coding RNAs

LncRNAs are the other subgroup of ncRNAs, including large tran-
scribed RNAs with a length of more than 200 nucleotides without the
ability of coding proteins, just like miRNAs [4][7] [55]. During the
process of IncRNA biogenesis, these RNA molecules are transcribed by
RNA polymerase II (RNAP2) under the control of transcriptional acti-
vators of the SWItch/Sucrose non-fermentable (SWI/SNF) chromatin
remodeling complex. The newly generated IncRNAs then undergo a
variety of post-transcriptional modifications from splicing to 3-poly-
adenylation and 5 7-methylguanosine capping [56]. Despite having
poorly conserved sequences, IncRNAs are considered to be functional
molecules. Through cancer expansion they can act as tumor suppressors
or even oncogenes to modulate gene expression through their cooper-
ation with DNA, as well as different miRNAs, mRNAs, and proteins [57].
LncRNAs have also the ability of controlling both coding and non-coding
genes and contribute to the regulation of chromatin remodeling, tran-
scriptional activation and/or suppression, mRNA stability, and
post-transcriptional regulation of protein activity in tissue and
developmental-stage specific manners [56,57]. LncRNAs have multiple
partners like RNA/DNA-binding proteins, diverse transcription factors,
various RNA transcripts, nRNAs, miRNAs, and even DNA and chromatin
[58]. In the context of miRNAs, these long non-coding RNA transcripts
can employ their recognition elements to serve as competing endoge-
nous RNAs (ceRNAs) that sponge miRNAs to prevent them from binding
to and modulating the target mRNAs, a mechanism that has been
detected in a wide range of regulatory processes [56,58]. RISC complex
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is responsible for the regulation of IncRNA-miRNA interaction and also
clarifies the degrees of post-transcriptional modulations [57]. Like
miRNAs, IncRNAs have also been found to involve in cancer-related
processes, such as cell cycle modulation, cell proliferation, angiogen-
esis, migration, invasion, EMT, apoptosis, and cancer-correlated im-
mune responses [59,60]. Targeting IncRNA-mediated ceRNA networks
can surprisingly sensitize tumor cells to cisplatin, gemcitabine, and
doxorubicin. Moreover, the TUG1 IncRNA, which is up-regulated in BC
cell lines and tissues triggers EMT and weakens the cancer cell response
to ionizing radiation therapies through the miR-145/ZEB2 regulatory
axis [61].

4.3. Circular RNAs

CircRNAs are a different group of ncRNAs superfamily that are
recognized for their particular closed-loop structures. During the ca-
nonical introns deletion, the backsplicing event can lead to the pro-
duction of circRNAs that are immediately transferred out of the
cytoplasm [62,63]. CircRNAs are very stable molecules with evolu-
tionarily conserved sequences, making them central to different cellular
activities. CircRNA levels are under the tight regulation of exon-skipping
processes, RNA-binding proteins (RBPs), and complementary sequences
of flanking introns [64,65]. In a IncRNA-similar manner, circRNAs can
also serve as ceRNAs to sponge miRNAs, minimizing the
miRNA-mediated blockade of target mRNAs [66]. Surprisingly, some
circRNAs have recently been found to be translated into functional
proteins; for instance, circ-SHPRH generates a SHPRH-146aa protein
which is a potential tumor suppressor protein as well as a protective
decoy for its full-length SHPRH protein in glioblastoma [67]. CircRNAs
are also linked to cancer progression by contributing to multiple path-
ophysiological and neoplastic processes, viz. cell proliferation, invasion,
migration, etc. In this framework, homeodomain-interacting protein
kinase 3 (HIPK3) gene is cloned from a multidrug-resistant (MDR) cell
line (KB-V1) and principally acts as a co-repressor of homeodomain
transcription factors. CircRNA HIPK3 (circHIPK3) that is encoded by the
corresponding gene, has a huge second exon (1099 nt) from the HIPK3
gene flanked on either side by long introns. Once circHIPK3 is accu-
mulated, invasion, migration, and angiogenesis of BC cells are disrupted
in vitro, and tumor cell growth and metastasis are blocked [68,69].

5. Non-coding RNAs in regulation of cisplatin chemo-resistance
during bladder cancer; where do these RNA transcripts stand at
the upstream of signaling mechanisms?

5.1. Apoptosis

Apoptosis, as a physiological process leading to programmed cell
death, was first used in a 1972 by Kerr, Wyllie, and Currie to describe a
biological flux that maintains cell homeostasis by eliminating injured
cells [70]. Apoptosis is a conserved process that is genetically regulated
[71]. Apoptosis defects are usually results in chemotherapy resistance
and subsequent cancer expansion. There are several genes responsible
for apoptosis controlling, among which Bcl-2 family and tumor sup-
pressor p53 are the best-known ones. Bcl-2 genes, which primarily
regulate mitochondrial apoptosis, have two major subdivisions as
pro-apoptotic and anti-apoptotic genes; anti-apoptotic genes markedly
contribute to the development of cancer drug resistance. Moreover, p53
activity is triggered as the consequence of multiple stresses and stressful
conditions, such as DNA damage [72]. During the process of apoptosis, a
group of cytosolic proteolytic enzymes, called caspases, mediate the
expansion of the process. Concurrent with the activation of a caspase,
other pro-caspases become activated and a caspase cascade will finally
be induced, which gives rise to cell death that is occurred through three
major pathways, including intrinsic, extrinsic, and
perforin/granzyme-mediated pathways. In summary, the intrinsic
pathway is mitochondrial and triggered by death signals like DNA
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damage and/or removal of trophic factors, while extrinsic pathway is
stimulated by death receptors, such as tumor-necrosis factor and Fas
receptors, located on plasma membrane, which ultimately induces the
activation of aforementioned caspases [73,74]. For the third pathway, i.
e. perforin/granzyme pathway, apoptosis can be developed by either the
granzyme A or granzyme B. Like intrinsic and extrinsic pathways,
granzyme B can induce apoptosis through caspase-3 cleavage, while
granzyme A triggers the apoptotic tract through a caspase-independent
manner. This amazing flux has been found to be in strong association
with BC progression and cisplatin drug resistance [75,76]. More inter-
estingly, apoptosis and its related genes are under the tight regulation of
genetic and epigenetic mechanisms, among which ncRNA-based regu-
latory networks are of great significance (Table 1). Thereupon, the
following paragraphs will focus on the role of ncRNAs in BC cisplatin
resistance through apoptosis regulation through.

5.1.1. NcRNAs modulate apoptosis-related molecular mechanisms during
BC cisplatin resistance

Polyribonucleotide nucleotidyltransferase 1 (PNPT1), is an enzyme
located in the inner membrane of mitochondria, responsible for
importing chromosomally encoded RNA transcripts into the mitochon-
drial matrix [13]. PNPT1 overexpression can significantly increase
apoptotic cell death [77]. Thus, this nucleotidyltransferase has a
considerable contribution to cancer cell survival and chemo-sensitivity.
Consistently, tumor cells can be sensitized to chemo drugs as a conse-
quence of targeting Bcl-2, which is central to mitochondrial apoptotic
tract. In this context, PNPT1 involves in cisplatin-induced apoptosis
during BC and can be targeted by miR-183-5p, as an onco-miRNA in BC,
for further regulation of Bcl-2-modifying factor (BMF) during mito-
chondrial outer membrane permeabilization (MOMP) and mitochon-
drial apoptosis, due to the substantial correlation between mitochondria
and tumor cell growth and also chemo-sensitivity. For instance, mito-
chondrial DNA (mtDNA)-depleted hepatoma cells have been reported to
be resistant to hydrogen peroxide and ROS-inducing agents, which
might be the result of manganese superoxide dismutase and glutathione
peroxidase overexpression [78]. All these outcomes propose that tar-
geting mitochondrial injuries can desirably inhibit chemo-resistance and
restore the chemo-sensitivity trait in cancer cells. Beyond the drug
resistance, PNPT1 expression has also been found to be correlated with
the clinical stage of BC patients, demonstrating the PNPT1 involvement
in cancer progression [79]. The corresponding miRNA/MOMP/PNPT1
regulatory loop is not only responsible for cisplatin resistance modula-
tion and BC but also involves in mediating the doxorubicin
chemo-resistance in breast cancer, along with other cancer types, under
the supervision of miR-125b [80].

To obtain further information about the contribution of miRNAs to
BC cisplatin resistance, researchers developed cisplatin-resistant bladder
cancer cell models by exposing 5637 and T24 BC cell lines to cisplatin,
and then analyzed miRNA expression profiles in the newly established
cell lines. According to their investigations, miR-325 was found to be
under-expressed in both cisplatin-resistant cells compared to the normal
5637 and T24 cells. They also realized that miR-325 recovery in the
aforementioned cisplatin-resistant cells could desirably resensitize them
to platinum-based therapeutics. Thus, miR-325 dysregulation was found
to be related to BC cisplatin resistance, possibly in an apoptosis-
dependent manner. Further mechanistic evaluations detected a foot-
print of hematopoietic cell-specific protein 1-associated protein X-1
(HAX-1), as an anti-apoptotic protein [81]. HAX-1 is primarily respon-
sible for blocking the mitochondria collapse and loos of MMP, and
thereby, reduces the release of cytochrome ¢ from mitochondria, which
in turn blocks the activation of caspase-9, -7, and -3 [82]. HAX-1 over-
expression causes chemo-resistance against a variety of drugs, such as
cisplatin [83,84], and thereby can be harbored as a potential therapeutic
target to overcome cisplatin resistance. The above-stated miRNA, i.e.
miR-325 was shown to be down-regulated during cisplatin resistance in
BC, concurrent with HAX-1 up-modulation. In cisplatin-induced
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Table 1

Role of ncRNAs in the regulation of BC-related cisplatin resistance by targeting signaling mechanisms.
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NcRNAs

Study
model

Sample type

Effect on cisplatin resistance/
sensitivity

Targets/Signaling
pathways

Underlying mechanism

Ref.

MiRNAs

MiR-183-5p

MiR-7-5p

MiR-325

MiR-486-5p

MiR-222

MiR-101

MiR-150

MiR-101

MiR-27a

MiR-34a

MiR-34a

MiR-424

Human

In vitro

In vivo

Human

In vitro
In vivo

In vitro

In vitro

In vitro

In vitro

In vitro

In vitro

In vivo

Human

In vitro
Human
In vitro
In vivo
Human

In vitro
In vitro

In vivo

BC tissues

Cell line

BALB/c-nu
mice
BC tissues

BC cell line
mice (BALB/
Q)

BC cell line

BC cell line

BC cell line

BC cell line

BC cell lines

BC cell line

Nude mouse
xenografts

Tumors from
BC patients
BC cell line
MIBC tissues
BC cell line
Mice

BC patients
samples

BC cell line
BC cell line

Mice

Not applicable (N/A)

1 chemoresistance to cisplatin

1 sensitivity of 5637/R and T24/

R cells to cisplatin-induced
mitochondrial apoptosis

1 cisplatin sensitivity

1 cisplatin resistance

1 cisplatin chemo-sensitivity

| chemo-sensitivity

1 cisplatin sensitivity

N/A
1 MIBC cells sensitivity to
cisplatin

N/A

N/A

PNPT1

ATG7

HAX-1

MMP-9, CD44, and
ROCK

PPP2R2A/Akt/
mTOR axis

VEGF-C

PDCD4

COX-2 pathway

Cystine/glutamate
exchanger SLC7A11
CD44

CDK6 and SIRT-1

UNC5B and SIRT4
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MiR-183-5p-PNPT1 regulatory axis regulates the
apoptosis of BC cells. Oncogenic miR-183-5p directly
targets the 3' UTR of PNPT1 and reversed the tumor
suppressive role of PNPT1.

MiR-183-5p also modulates BMF to inhibit the
mitochondrial outer membrane permeabilization
(MOMP) in BC cells.

MiR-7-5p inhibits migration, invasion, and autophagy
both in vitro and in vivo.

MiR-7-5p targets ATG7 to inhibit its expression, which in
turn inhibits autophagy.

Overexpression of miR-325 attenuates the cisplatin
resistance of 5637/R and T24/R through suppression of
HAX-1.

MiR-325 promoted the mitochondria collapse and
cisplatin-induced apoptosis in bladder cancer cells.
MiRNA-486-5p can induce apoptosis and inhibit cell
migration.

MiRNA-486-5p mimic in combination with cisplatin
decreases cell migration ability and metastasis through
down-regulation of the MMP-9, CD44, and ROCK genes;
this indicates its possible anti-metastatic roles in MIBC
cells.

Blocking the activation of Akt with LY294002 or mTOR
with rapamycin significantly prevents miR-222-induced
proliferation and restores the sensitivity of BC cells to
cisplatin.

MiR-101 overexpression significantly inhibits the
migration and invasiveness, while significantly
enhancing cisplatin sensitivity.

MiR-101 negatively regulates VEGF-C protein
expression, and VEGF-C overexpression rescues the
effects of miR-101 overexpression, indicating that miR-
101 negatively regulates VEGF-C protein expression
post-transcriptionally.

MiR-101 and VEGF-C interference independently
enhances cisplatin cytotoxicity in BC cells.

PDCD4 is identified as a direct target of miR-150 in MIBC
cells, and increases PDCD4 expression via transfection
with the pLEX-PDCD4 plasmid efficiently sensitized
MIBC cells to cisplatin chemotherapy and inhibites MIBC
cell invasiveness

MiR-101 overexpression significantly increases the anti-
proliferative effects and apoptosis induced by cisplatin,
whereas knockdown of miR-101 significantly decreases
the anti-proliferative effects and apoptosis induced by
cisplatin.

Down-regulation of miR-101 induces cell survival and
cisplatin resistance through the up-regulation of COX-2
expression.

MiR-27a negatively regulates SLC7A11 in cisplatin-
resistant BC cells

MiR-34a overexpression significantly sensitizes MIBC
cells to cisplatin and inhibites the tumorigenicity and
proliferation of cancer cells in vitro and in vivo
MiR-34a inhibition causes chemo-resistance and up-
regulation of CDK6 and SIRT-1 expression

UNCSB and SIRT4 are the direct downstream target
genes of miR-424. Cisplatin-mediated suppression of
xenograft bladder tumor growth was prohibited by the
addition of miR-424, whereas ectopic expression of
UNCSB or SIRT4 partially restored miR-424-dependent
decrease in cisplatin sensitivity of BC 5637 and T24 cells.
UNCSB or SIRT4 knockdown prohibits cisplatin-
mediated proteolytic cleavage of PARP and also
decreases cisplatin sensitivity of these cells

[79]

[232]

[85]

[91]

[144]

[202]

[178]

[253]

[264]

[155]

[265]

[266]

(continued on next page)
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NcRNAs Study Sample type Effect on cisplatin resistance/ Targets/Signaling Underlying mechanism Ref.
model sensitivity pathways
MiR-214 Human Clinical |cisplatin resistance Netrin-1 MiR-214 may reduce cisplatin resistance and Akt [114]
specimens signaling by targeting netrin-1.

In vitro BC cell line

MiR-193a-5p In vitro BC cell line lcisplatin sensitivity AP-20 MiR-193a-5p stimulates, but AP-2u suppresses cell [210]
migration.
MiR-193a-5p targets the coding region of AP-2a mRNA
and rs111681798 affects the binding of miR-193a-5p.
MiR-193a-5p inhibits the expression of AP-2a

MiR-193a-3p In vitro BC cell line 1 cisplatin resistance LOXL4 MiR-193a-3p promotes the multi-chemoresistance of BC [262]

In vivo BALB/c male via repressing the LOXL4 expression and therefore
nude mice activating the oxidative stress pathway

LncRNAs

MST1P2 In vitro BC cell line N/A SIRT1/p53 MST1P2 silence enhances the killing effects of cisplatin [97]
on resistant BC cells through miR-133b regulation.
MiR-133b directly targets the SIRT1 3"-UTR to inhibit its
expression. MST1P2/miR-133b axis affectea the
resistance of BC cells to cisplatin via SIRT/p53 signaling.

NEAT1 In vitro BC cell line N/A Myc, OCT4, and p53  NEAT1.1 is harmful for overcoming BC cisplatin [189]
resistance, and silencing NEAT1 can enhance the
suppression of cell growth, invasion and transcriptional
activation of NEAT1 modulates by multiple transcription
factors in T24R cells.

HIF1A-AS2 Human Clinical Tcisplatin resistance HMGA1 HIF1A-AS2 suppresses the transcription activity of p53 [267]

specimens family proteins by promoting the expression of HMGA1.

The induction of HMGA1 physically interacts with p53,
p63, and p73, and therefore constrains their
transcriptional activity on Bax.
Knockdown of HIF1A-AS2 or HMGA1 rescues the
expression of Bax, which therefore enhances the killing
effect of Cis.

UCA1 Human Patients 1 cisplatin/gemcitabine CREB UCA1 may contribute to cisplatin/gemcitabine [268]

In vitro BC cell line resistance resistance via CREB u-regulated miR-196a-5p targeting

In vivo SPF nude mic p27Kipl in human BC

MALAT1 Human Tissue |cisplatin sensitivity VEGF-C MALAT1 suppression enhances the drug sensitivity and [215]
specimens inhibites the cisplatin resistance of the BC cells

In vitro BC cell line

TUG1 Human Patients Tcisplatin resistance CCND2 TUG1 knockdown attenuates the expression of EZH2, [164]
and it alleviates the promoter hypermethylation of
miR194-5p and induced its expression.

In vitro BC cell line MiR-194-5p overexpression or TUG1 under-expression
significantly sensitizes BC cells to cisplatin, inhibites the
proliferation, and induces apoptosis.

In vivo Nude mice Besides, CCND2 is a direct target of miR-194-5p, while
miR-194-5p is regulated by TUG1.

DLEU1 Human Tissue samples 1 cisplatin resistance HS3ST3B1 DLEU1 induces cell proliferation, invasion, and cisplatin ~ [171]

In vitro BC cell line resistance of BC cells

UCA1 Human Tissue samples 1 cisplatin resistance Wnt signaling UCA1 overexpression significantly increases the cell [269]
viability during cisplatin treatment, whereas UCA1
knockdown reduces the cell viability during cisplatin
treatment.

In vitro BC cell lines UCA1 positively regulates the expression of Wnt6 in

human BC cell lines
CircRNA
CircZNF609 Human BC tissues lcisplatin sensitivity CDC25B expression CircZNF609 enhances BC cells proliferation, migration, [224]
In vitro BC cell line regulation by and cisplatin chemo-resistance.
In vivo BALB/C nude sponging miR-1200
mice
CiRS-7 Human BC tissues tcisplatin sensitivity CiRS-7/miR-1270/ CiRS-7 can adsorb miR-1270 in BC, restores its [140]
In vitro BC cell line APAF1 axis suppressed APAF1 expression level, induces apoptosis,
In vivo BALB/C nude and increases cisplatin chemosensitivity.
mice
Hsa_circ_0000285 Human BC tissues and | cisplatin resistance N/A N/A [270]
serum samples

In vitro BC cell line

Circ_0058,063 Human BC tissues | cisplatin sensitivity 1 B2M through Circ_0058,063 down-regulation suppresses cell [175]

In vitro BC cell line acting as miR- proliferation and tumor growth, whereas induces cell

In vivo Male BALB/c 335-5p sponge apoptosis in the cisplatin-resistant BC cells in vitro and in

nude mice

vivo

apoptosis, miR-325 targeted the HAX-1 to induce the activation of cas-
pases as the result of the release of cytochrome c. Therefore, miR-325
recovery could restores the sensitivity of cisplatin-resistant BC cells to
apoptosis induced by cisplatin, depending on the presence of HAX-1
[85].

MiRNA-486-5p is another miRNA contributing to inhibition or
stimulation of tumorigenesis in different cancers types; in other words, it
can either serve as a tumor-suppressor miRNA or an onco-miR to be
respectively down-regulated or up-modulated through the cancer
expansion [86]. Moreover, miR-486-5p has the ability of promoting the
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tumorigenic process by targeting particular tumor suppressor genes or
suppressing tumor cell growth and migration by direct or indirect tar-
geting of specific oncogenes [87]. Phosphoinositide-3-kinase regulatory
subunit 1 (PIK3R1), cyclin-dependent kinase 4 (CDK4), and forkhead
box O (FOXO) are the major oncogenes targeted by miR-486-5p to
regulate cancer cell migration/invasion, cell cycle progression/arrest,
and cell proliferation, respectively [88-90]. Interestingly, using
miR-486-5p mimic in conjugation with cisplatin has been recognized to
induce apoptosis, decrease cell migration, and cease the cell cycle in BC
compared to treatment with cisplatin or the miRNA mimic alone.
MiR-486-5p mimic is an efficient BC suppressor, and thus can be
considered as a promising therapeutic target against BC [87]. This po-
tential miRNA mimic not only induces apoptosis and reduces tumor cell
growth and survival but also enhances the sensitivity of BC cells in
response to cisplatin. These findings were confirmed by in vitro analysis
of both 5637 and A549 BC cells. Indeed, miR-486-5p mimic can help to
minimize the effective dose of cisplatin in BC cells [91]. With a mech-
anistic view, the apoptotic flux was found to be triggered in BC cells
treated with miR-486-5p mimic, especially combined with cisplatin.
Flow cytometric detection of nuclear fragmentation further confirmed
the post-treatment occurrence of apoptosis. Consistent with these find-
ings, it was also determined that miR-486-5p combined with cisplatin
could induce caspase-9 and -3, as well as p53, while suppressed the
anti-apoptotic genes sirtuin 1 (SIRT1), olfactomedin 4 (OLFM4),
SMAD4, and Bcl-2. Thus, it can be concluded that miR-486-5p mimic
can help cisplatin to exert more efficient apoptotic effects on BC cell
[92-94]. In detail, apoptosis induction caused by concurrent adminis-
tration of this miRNA mimic and cisplatin chemo drug is primarily
regulated through subG1 phase arrest during the cell cycle [91].

SIRT1, which was mentioned in the previous paragraph, is a sirtuin
protein belonging to the NAD-dependent histone deacetylases super-
family. Once DNA damage downstream signaling is developed, SIRT1
begins to decelerate the apoptosis of tumor cells by blocking the
repressive effects of p53 on cancer cells to mitigate the radiotherapy-
and chemotherapy-related cytotoxic effects on tumors. Thereupon,
SIRT1 suppression might promote cancer cell death by activating the
tumor suppressor p53 in a wide range of neoplasms, such as osteosar-
coma, HCC, and gliomas, as well as BC [95,96]. MiR-133b in this context
has the potential of down-regulating SIR1 through establishing a direct
linkage to the 3-UTR of SIRT1-coding gene. In cisplatin-resistant SW780
and RT4 cell lines resembling BC in laboratory conditions, miR-133b
inhibition was found to decrease the levels of cleaved caspase-3 and
acetyl-p53 protein, while increase SIRT1 protein levels. In line with this
fact, in cisplatin-resistant BC cells, the macrophage stimulating 1 pseu-
dogene 2 (MST1P2) was detected to be overexpressed in contrast to the
miR-133b, suggesting that a negative regulatory interaction existed
between MST1P2 and miR-133b. Silencing MST1P2, just like the in-
duction of miR-133b, could favorably restore the sensitivity of cispla-
tin-resistant BC cells to conventional cisplatin regimens. Taken together,
MST1P2/miR-133b axis regulates the BC cell cisplatin resistance
through operating the SIRT1/p53 signaling pathway [97].

Rather, molecular analyses have realized that the p53-Rb signaling
axis is substantially linked to the expansion of muscle invasive-
transitional cell carcinoma of bladder (MI-TCC) [98,99]. p53 and p21,
as the major components of this axis, principally participate in the
process of determinig response to chemotherapy [100]. MiR-34a is
known for its effector roles at the downstream of p53. In patients with
chronic lymphocytic leukemia (CLL), miR-34a was realized to predict
cancer expansion in association with p53, suggesting its role as a sur-
rogate biomarker. In other cancers, miR-34a can also be considered a
cancer progression predictor but in an independent manner [101-103].
MiR-34a has the ability of targeting multiple components of the p53-Rb
signaling loop, such as CDK®6 as the regulator of Rb phosphorylation, and
E2F3 that is a direct effector at the downstream of Rb. Thereby, miR-34a
potentially contributes to the abrogation of effects mediated by p53-Rb
signaling axis dysfunction, which is introduced as the chaotic
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progression of the cell cycle [104]. MiR-34a is also a potential regulator
of chemo-resistance, especially in BC and MI-TCC, and the suppression
of CDK6 and SIRT-1 significantly involves in the regulation of
pre-miR-34a chemo-sensitivity. Literally, CDK®6 is a principal modulator
of Rb activity, particularly in complex with CDK4 and cyclin D1.
Although CDK6 overexpression has not been declared in TCC cases, the
expression of CDK6 regulators, such as p21, pl6, and cyclin D1, is
commonly observed to be related to TCC expansion [104,105]. Re-
searchers believe that there is a relationship between miR-34a promoter
methylation, p53 mutation status, and CDK6 expression in association
with MI-TCC chemo-resistance but they are not sure whether this
miRNA can be a beneficial predictor of chemotherapeutic response or
even a therapeutic target [104].

MiR-200 family members, including miR-200b, —200a, and —429,
were previously identified to be mediate the cisplatin-resistant pheno-
type in tumor cells in their down-regulated status. The miR-200 family
members are responsible for suppressing the EMT through targeting E-
cadherin repressors zinc finger e-box binding homeobox 1 (ZEB1) and
ZEB2 [106,107], while in the absence of these miRNAs, EMT and
aggressive cancer traits are undesirably promoted [108]. There are a
particular number of CpG islands located in the upstream of miR-200
subtypes, which can be targeted by hypermethylation in a variety of
cancers, such as BC [109,110]. Indeed, the simultaneous
under-expression of these miRNAs has been found to be in correlation
with the amplification of DNA methylation of CpG islands located at
their upstream. Among the corresponding miRNAs, miR-200b down--
modulation was realized to be associated with cisplatin resistance in BC
cells. We know TNFSF10 (tumor necrosis factor ligand super family
member 10), a. k.a. TRAIL, as a member of the TNF superfamily that
triggers the apoptotic flux in multiple cancers through activating death
receptors [111]. Although TRAIL has not been declared to be linked to
cisplatin sensitivity, growing body of evidence demonstrates that
cisplatin can increase the susceptibility of tumor cells to
TRAIL-mediated apoptosis in BCs, as well as some other neoplasms (e.g.
lung cancer and esophageal carcinoma) [112,113]. In this context, it
was recently realized that miR-200b- and cisplatin-induced TRAIL
expression may result in an amplified cytotoxicity in BC cells [110].

MiR-214 was another miRNA found to be associated with BC. The
expression levels of this miRNA are increased in BC tissues and cell lines,
and it was experimentally determined to have inhibitory effects on BC
cell proliferation and invasion. Since there was not enough information
about the contribution of miR-214 to BC-related cisplatin chemo-
resistance, an in vitro analysis was conducted on J82 and T24 BC cell
lines. The results of this study indicated that miR-214 mimic markedly
decreased the expression levels of caspase-3 and poly-ADP ribose poly-
merase (PARP), while enhanced the levels of cleaved caspase-3 and
cleaved PARP, suggesting that miR-214 could induce apoptosis in BC
cells [114]. Furthermore, the corresponding miRNA was also found to
have the ability of suppressing the Akt phosphorylation, which is
responsible for the modulation of apoptosis through up-regulating the
Bcl-2 family protein members [115]. Owing to this fact, it has been
proposed that regulatory effects of miR-214 on chemo-resistance is
mediated by the Akt/Bcl-2 signaling axis, and thus the apoptotic tract.
Using the TargetScan software, major target genes of miR-214 were
predicted, and netrin-1 was recognized as one of the most important
targets. In BC, just like many other cancer species, netrin-1 serves as an
oncoprotein, which its overexpression correlates with poor prognosis in
BC patients [116]. The impact of netrin-1 was assessed on apoptosis and
Akt signaling during BC, and the obtained results showed that netrin-1
plasmid transfection markedly decreased apoptosis and significantly
increased the Akt phosphorylation in BC cells. Additionally, miR-214
mimic markedly down-regulated the netrin-1 mRNA and protein
expression levels [114]. Thereby, it can be concluded that a negative
crosstalk exists between miR-214 and netrin-1 mRNA expression levels
BC tissues. The luciferase reporter assays further clarified that miR-214
could directly attach to the 3-UTR of netrin-1, demonstrating the
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capability of netrin-1 to be a direct target for miR-214. In the line of
cisplatin resistance, miR-214 was found to suppress netrin-1, leading to
the inhibition of p-Akt and subsequent blockade of the
chemo-resistance. As netrin-1 plasmid transfection could restore the
cisplatin resistance suppressed by miR-214, it is suggested that this
miRNA can block cisplatin chemo-resistance in BC in a netrin-
1-dependent manner [114].

In this framework, miR-424 is a direct target of HIF-1ua that can
minimize cisplatin sensitivity of BC cells by inhibiting the expression of
UNC5B and SIRT4 pro-apoptotic genes [117]. MiR-424 was initially
recognized as a differentiation-specific miRNA that regulated the mon-
ocyte/macrophage differentiation program [118]. Moreover, accumu-
lating evidence proposed that miR-424 might serve as either
tumor-suppressor or oncogene during the process of tumorigenesis,
relying on its downstream target genes [119-121]. In BC, miR-424 has
an oncogenic role as it is overexpressed in BC tissues in correlation with
poor clinical outcomes. The overexpression of miR-424 and its mimics
were found to cause cisplatin resistance in cell culture and animal
models of BC. This valuable finding was confirmed when miR-424 in-
hibition increased cisplatin-induced cytotoxicity in 5637 and T24 BC
cells. Mechanistically, in BC cells, miR-424 exerts its promoting effects
on cisplatin resistance through modulating HIF-1a, thereby demon-
strating that miR-424 targeting might provide a therapeutic background
to cure refractory BC [117].

LncRNAs are the other members of ncRNAs superfamily with the
ability of modulating the cancer cell proliferation, migration, and che-
moresistance, under the normoxic and/or hypoxic conditions. Hypoxia-
inducible factor 1o antisense RNA 2 (HIF1A-AS2), as a hypoxia-related
IncRNA, was found to involve in BC-related cisplatin resistance caused
by hypoxia stress [122]. Mechanistically, high mobility group AT-hook 1
(HMGA1) is at the downstream of HIF1A-AS2, is a crucial mediator of
cisplatin resistance in BC cells. HIF1A-AS2 was previously found to act
by interacting with RBPs such as insulin-like growth factor 2 binding
protein 2 (IGF2BP2) and DExH-box helicase 9 (DHX9) to induce the
expression of their target mRNAs, such as HMGA]1, to further increase in
their protein levels [123]. In human BC cells, HMGA1 can block the
transcription activity of p53 family proteins. which in turn results in the
repression of their tumor-suppressive effects. Once HMGAL is silenced
by a siRNA, p53 is transcriptionally activated, leading to an increase in
cancer cell apoptosis [124]. Although the contribution of HMGAL is
seldom declared in BC, researchers have reported that HMGA1 has
substantial roles in BC, especially in cisplatin resistance by hindering the
transcription activity of p53. Once HMGA1 is up-modulated by
HIF1A-AS2, it links to p53 family proteins to inhibit their transcriptional
effects on the pro-apoptotic Bax protein [122]. Accordingly, new per-
spectives have opened in BC precision therapy in related HMGA1
targeting.

UCA1 is another IncRNA involved in cisplatin/gemcitabine resis-
tance of BC cells in vitro and in vivo. UCA1 overexpression has been
realized to remarkably mitigate cell apoptosis and increase cell viability,
while its silencing promoted apoptosis and reduced cell viability
through cisplatin/gemcitabine treatment. It was also observed that
cisplatin/gemcitabine regimen combined with sh-UCA1 blocked tumor
growth and enforced the apoptotic tract in 5637 BC cells [125]. Further,
UCA1 up-regulation was identified to increase the expression status of
Wnt6 or serine-arginine protein kinase 1 (SRPK1), provoking cisplatin
resistance [126,127]. UCAla, which is transcribed by the UCA1 gene,
has also the ability of enhancing cisplatin resistance through antago-
nizing apoptosis in BC cells [128]. For further determination of the
mechanism(s) by which UCA1 regulates cisplatin/gemcitabine resis-
tance in BC cells, researchers concentrated on the role of miR196a-5p, as
a potential onco-miR overexpressed in many tumors by contributing to
diverse processes from cancer initiation to its progression and metastasis
[129,130]. More recently, the inhibition of miR-196a-5p was proposed
to reverse cisplatin chemo-resistance NSCLC cell lines in relation to
drug-resistant ~ proteins  including MDR1, multidrug resist
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ance-associated protein 1 (MRP1), ERCC1, survivin, Bcl-2, etc. [131].
Experimentally, UCA1 was determined to be able of increasing
miR-196a-5p expression to suppress the cisplatin/gemcitabine-resistant
trait induced by UCA1l. These findings together suggested that
miR-196a-5p could serve as a promising target to cure BC patients
resistant to cisplatin/gemcitabine. Beyond the aforementioned data,
UCA1 can also activate the Akt signaling to provoke the phosphorylation
of cAMP-response element binding protein (CREB), which in turn reduce
the miR-196a-5p levels. In the following, mutations of CREB-binding
sites in the miR-196a-5p promoter abolish the promoting effects of
UCAl, confirming the involvement of CREB in the regulation of
miR-196a-5p expression. Moreover, UCAl-dependent activation of
CREB is essential for operating the miR-196a-5p transcription in BC
cells. Considering the existing miRNA/mRNA networks in different
neoplasms, the negative regulatory effect of miR-196a-5p on p27Kipl,
as a G1l-checkpoint CDK inhibitor involved in drug resistance modula-
tion, was described by checking their interactions with the 3'-UTR [132,
133]. p27Kipl promotes the activation of cleaved caspase-3 to trigger
the progression of cell apoptosis [134]. In the line of BC-related cisplatin
resistance, 5637 sh-UCA1 cells represented an increase in p27Kipl
expression levels independent of cisplatin/gemcitabine treatment, and
miR-196a-5p blocked this effect of UCA1. This finding supported the fact
that miR-196a-5p-dependent down-modulation of p27Kipl by UCAl
substantially participates in UCAl-induced cisplatin/gemcitabine
chemo-resistance. In conclusion, the IncRNA UCAL1 can be highlighted as
a major contributor to cisplatin/gemcitabine resistance through
CREB/miR-196a-5p/p27Kipl modulatory axis in human BC, and thus
UCAL1 could be considered either as a novel biomarker for monitoring
the poor response to cisplatin/gemcitabine regimen or a promising
target for BC chemotherapy [125].

There are a limited number of studies focused on the role of circRNAs
in BC-associated cisplatin resistance. Nonetheless, apoptosis protease-
activating factor 1 (APAF1), which is a major factor in regulating
apoptosis, was recently found to be modulated by a particular circRNA
during BC cisplatin resistance. In apoptosis, APAF1 accelerates the for-
mation of a ring-like apoptosome to activate caspase-3, -6, and/or —7 for
triggering cell devastation [135]. Cisplatin therapy triggers free radicals
that damage the cardiolipin on the mitochondrial membrane, leading to
the release of cytochrome C, which boosts the APAF1 activity for further
stimulation of apoptotic cell death [136]. CDR1as, also known as ciRS-7
or CDR1NAT, is one of the previously mentioned circRNAs generated by
reverse splicing of the antisense strand of the CDR1 gene, which is
associated with cerebellar degeneration. CiRS-7 can trap miR-7 to
regulate the expression of downstream genes [137,138]. It can also trap
miR-135a instead of miR-7, to restore p21 and induce cell cycle arrest in
BC cells [139]. The increased expression of ciRS-7 was shown to have
the ability to improve cisplatin sensitivity of T24 and EJ BC cells by
enhancing cell apoptosis. In this context, ciRS-7 acts as a sponge of
miR-1270, which reduces the inhibitory effects of this miRNA on APAF1
gene. CiRS-7 also increases the expression level of APAF1. The silencing
of APAF1 results in a decrease in cisplatin sensitivity and a shutdown of
apoptosis. Therefore, ciRS-7 imbalance can increase the sensitivity of BC
cells to cisplatin by facilitating the apoptotic pathway [140].

5.2. Cell proliferation

Proliferation plays a significant role in cancer development. The
proliferative trait is mostly expanded by dysregulation of cell cycle-
related proteins. Furthermore, the activation of diverse signaling path-
ways triggers the cell growth, and thus proliferation. Early steps in
tumor progression are conducted by a fibrogenic response and the
enlargement of hypoxic environment that favors the survival and pro-
liferation of cancer stem cells (CSCs) [141]. The survival strategy of
CSCs is partly controlled by cell metabolism alterations. Tumor cell
growth and metastasis are generally supported by particular hormones
(indeed in hormonally dependent neoplasms), angiogenesis, EMT,
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autophagy, and taking signals from nearby stromal cells. It has also been
reported that a set of signaling pathways related to HIF-1la, nuclear
factor kappa B (NF-«xB), PI3K/Akt, IGFR1, Wnt, CDKs, and androgen and
estrogen receptors are responsible for regulating the cell proliferation
[142]. Interestingly, proliferation and cisplatin chemo-resistance have
been found to be potentially intercorrelated within the networks
controlled by various ncRNAs, as discussed in the following paragraphs.

5.2.1. Non-coding RNAs are responsible for cell proliferation regulation
during BC-related cisplatin resistance

MiR-222 is a miRNA, which its overexpression has been detected to
be in association with chemotherapy [143]. In BC cells, miR-222 over-
expression can antagonize cisplatin-induced cell destruction, while its
down-regulation increases the cytotoxic and anti-tumor effects of the
corresponding chemo drug. When this axis was investigated mechanis-
tically, protein phosphatase 2 regulatory subunit B alpha (PPP2R2A)
was determined to be suppressed by miR-222 in cell culture models of
BC [144]. Literally, PPP2R2A is a PP2A regulatory subunit B, which its
activity is inversely associated with the activation of prolife
ration-related kinases [145,146]. In addition to proliferation, PP2A
also regulates a variety of cellular signaling, as well as the cell cycle,
metabolism, apoptosis, and protein synthesis [147]. Akt is one of the
well-known substrates of PP2A that can be activated following the
miR-222-induced repression of PPP2R2A [148-150], for further acti-
vation of the mTOR signaling pathway. We know that PI3K/Akt/mTOR
pathway is strongly related to tumor growth, as its inactivation imme-
diately blocks cancer cell growth [151]. Collectively, PPP2R2A is
considered a direct target for miR-222, and consistently, Akt/mTOR is
activated in miR-222-overexpressing BC cells. In other words, the
PPP2R2A/Akt/mTOR regulatory axis contributes to the miR-222-in-
duced proliferation of BC cells [144]. The whole network, i.e.
miR-222/PPP2R2A/Akt/mTOR, significantly modulates cisplatin
sensitivity in BC. Thus, we can consider miR-222 as a propitious target
for BC therapy and overcoming the cisplatin chemotherapy resistance
[144].

MiR-222 is not the only miRNA participated in BC-correlated pro-
liferation and chemo-resistance, and other miRNAs, such as miR-34a,
are also involved in the corresponding processes. MiR-34a generally
serves as a tumor-suppressive miRNA and is under-expressed in a wide
spectrum of neoplasms [104,152]. The miRNA of interest is principally
inducted by p53 and ectopic miR-34a expression has the ability of
stimulating the apoptosis and cell-cycle arrest and changing
chemo-sensitivity by operating different genes in p53 signaling cascade,
such as SIRT-1, CDK6, E2F3, and Bcl-2 [153,154]. Notwithstanding, the
mentioned mechanism seems not explaining the cisplatin-based
chemotherapy of BC, as miR-34a can sensitize BC cells to cisplatin
treatment without consideration of the p53-Rb pathway [155]. It has
benn found that promoter hypermethylation was the major leading
cause of miR-34a under-expression in BCs [156,157]. The expression
status of a group of well-known miR-34a targets, including Myc, Bcl-2,
Notchl, CDK6, SIRT1, E2F1, CDK4, HGF, Notch2, SOX2, and CD44,
were analyzed in 5637, T24, and HT-1376 BC cell lines following the
cisplatin treatment to elucidate the key target of miR-34a that was
responsible for the interaction between miR-34a overexpression and
cisplatin chemo-sensitivity [158-160]. Through this evaluation, an in-
verse association was recognized between miR-34a and CD44 expres-
sion, but not others. Further confirmatory analyses proved the
tumor-suppressive and chemo-sensitivity effects of miR-34a through
suppression of CD44. In parenthesis, CD44 has been previously intro-
duced as a marker to detect human chemo-resistant BC-CSCs [161,162].

Other than miRNAs, the footprint of IncRNAs is also detected here.
TUG1, which was previously introduced, has been realized to be
significantly overexpressed in a group of malignancies, and stimulates
the expression of LIM domain kinase 2b (LIMK2b) through binding to
EZH2 to induce cell proliferation and chemo-resistance [163]. Further-
more, TUG1 not only modulates intranuclear gene transcription by
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linking to polycomb repressive complex 2 (PRC2) but also controls
downstream targets inside the cytoplasm by serving as a sponge to target
different miRNAs, including miR-9-5p, miR-455-3p, and miR-335-5p.
According to recently published studies, TUG1 affected cisplatin sensi-
tivity concurrent with its up-modulation in BC. In this regard, a negative
interaction was detected between TUG1 and methylation-regulated
miR-194-5p, as a tumor suppressor miRNA in several cancers, such as
BC by targeting Ras-associated protein 2B (RAP2B) [164,165]. TUG1
also increases cell growth and cisplatin resistance by regulating CCND2
that is achieved by down-regulation of miR-194-5p in BC [164]. CCND2
is a cell cycle protein, which is known for its crucial roles in the process
of tumorigenesis and progression of diverse cancers [166]. This cyclin
principally mediates G1/S transition by interacting with CDK4 or CDK®6.
TUG]1 actually acts as a powerful oncogene in BC[167]. In addition, Liu
et al. [168] declared that TUG1 under-expression could suppress cell
proliferation and triggered the apoptotic pathway through the
TUG1-miR-142/Zeb2 axis in BC cells [168].

DLEU1 is another IncRNA which is aberrantly overexpressed in
multiple cancers and involves in carcinogenesis and tumor expansion
[169,170]. DLEU1 overexpression is also an indicator for poor prognosis
in BC patients. This IncRNA has been found to be responsible for pro-
liferation and invasion, as well as the regulation of cisplatin resistance
through up-modulating the expression of oncogene HS3ST3B1 (heparan
sulfate-glucosamine 3-sulfotransferase 3B1) by repressing miR-99b,
which is a known as a direct inhibitor of HS3ST3B1 in BC cells [171].
Dual-luciferase reporter assay, along with RIP assay confirmed the direct
relationship between DLEU1 and miR-99b. MiR-99b as a
tumor-suppressive miRNA, has the potential of provoking tumor cell
migration, invasion, and metastasis in a spectrum of neoplasms [172].
The under-expression of this miRNA reflects poor survival in patients
suffering from BC. MiR-99b has also been found to reverse
DLEU1-induced cell proliferation, invasion, and cisplatin resistance,
suggesting critical roles for this ncRNA transcript in blocking BC
development and overcoming cisplatin resistance in BC cells [171].
Altogether, the DLEU1/miR-99b/HS3ST3B1 axis can be considered a
key pathway in the progression and cisplatin chemo-resistance of BC,
and DLEU1 itself might be employed to cure BC in the near future [171].

Circ_0058,063, which regulates cell growth and acts as an oncogene
in various cancers, also affects BC-related cisplatin resistance. This
circRNA mechanistically targets miR-145-5p to drive BC progression,
and miR-335-5p to up-modulate Beta-2 microglobulin (f2M) in a
ceRNA-dependent route, which mediates cisplatin-resistance. It has also
been stated that inhibiting miR-335-5p or silencing circ_0058,063 can
reverse circ_0058,063 effects on BC-related cisplatin-sensitivity.
Together, the circ_0058063/miR-335-5p pathway may modulate
cisplatin-resistance in BC by targeting p2M, but more research is needed
to clarify the molecular mechanisms and signaling pathways [173-175].

5.3. Invasion

The invasive trait of cancer cells along with migration and metastasis
have made these cells dangerous rebels. Collective cell migration and
individual cell migration are the two major patterns of tumor invasion,
by which malignant cells can break down the barriers of extracellular
matrix (ECM) to migrate to the adjacent tissues [176]. Each of the cor-
responding patterns is identified by particular morphological and mo-
lecular signatures. It has been realized that mesenchymal and amoeboid
are the principal migrating cancer cells observed in invasion patterns,
and thus tumor cell migration is divided into epithelial-mesenchymal,
collective-amoeboid, mesenchymal-amoeboid, and amoeboid-mesen
chymal transitions. Also, there is a significant interplay between the
invasion phenotype and cisplatin resistance in BC, which can be
controlled by ncRNAs at the crossroads of molecular mechanisms and
signaling pathways that is subsequently discussed [176,177].
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5.3.1. The interplay between ncRNAs and invasion in cisplatin resistance

As an onco-miR, miR-150 expression was found to be significantly
amplified in the MIBC cell lines (i.e. 5637 and T24) compared to non-
cancerous human bladder epithelial SV-HUC-1 cells, which its inhibi-
tion significantly increased BC cell sensitivity to cisplatin and dimin-
ished the invasiveness of both 5637 and T24 cells [178].
Post-transcriptional modulation mediated by miR-150 usually results in
a decrease in the levels of the pro-apoptotic protein P2X7 receptor
within the cancer epithelial cells in comparison to normal cells, and
thereby miR-150 inhibitor could enhance P2X7 expression in tumor cells
[179]. MiR-150 may function in a cancer type-dependent, as in gastric
cancer cells, it exerts oncogenic effects by targeting the pro-apoptotic
gene EGR2 to induce proliferation [180], in lung cancer, it triggers
proliferation and migration by targeting p53 [181]and SRC kinase
signaling inhibitor 1 [182], respectively, while it represents a tumor
suppressive role in malignant lymphoma [183]. Using the TargetScan
database, programmed cell death 4 (PDCD4) was opted for further
molecular confirmation of the existing correlation between miR-150,
cisplatin sensitivity, and invasion in MIBC cells [178]. PDCD4 was
identified to have a highly conserved binding site for miR-150 for being
targeted by this miRNA in MIBC cells. Regarding the contribution of
PDCD4 to chemotherapy response, it was found that ectopic expression
of this protein could increase cisplatin sensitivity and repress invasive-
ness in MIBC cells [178]. Besides, in other neoplasms such as glioblas-
toma, loss of PDCD4 might result in cheno-resistance development by
de-repression of Bcl-xL translation [184]. It can be concluded that
PDCD4 has tumor-suppressive roles by affecting a number of
cancer-related processes, viz. invasion, as well as tumor cell growth and
cell transformation, through blocking the transcription factor AP-1 and
the eukaryotic initiation factor (elF) 4A [185]. Aberrant expression of
PDCD4 markedly inhibits cell proliferation, migration, and invasion by
enhancing PTEN and suppressing Akt activity [186], as well as blocking
cell growth and survival through a miRNA-mediated repression of c-Myc
and Bcl-2 in a group of malignancies [178].

In line with miR-150, the intranuclear IncRNA NEAT1 has also been
realized to be involved in invasion of BC cells. NEAT1 is a well-known
transcriptional modulator of a wide spectrum of genes responsible for
cancer expansion. It has also been determined that NEAT1 can regulate
cisplatin sensitivity in diverse neoplasms, such as osteosarcoma and
HCC [187,188]. In the case of BC, NEAT1.1 but not NEAT1.2, does
respond upon the effect of cisplatin. It should be mentioned within the
parenthesis that NEAT1.1 and NEAT1.2 are the transcript isoforms of the
corresponding NEAT1. Consistently, NEAT1.1 will be down-regulated
after cisplatin administration, demonstrating the role of cisplatin in
restraining the NEAT1’s transcriptional activity. Therefore, NEAT1.1
repression gives rise to cell proliferation, invasion, and migration and
induces tumor cell apoptosis in cisplatin-resistant BC cells. Further ob-
servations of NEAT1.1 overexpression during cisplatin treatment in
T24R cells have suggested a group of unknown regulatory factors con-
necting cisplatin to NEAT1.1 for transferring signals from cisplatin to
NEAT1 transcription [189]. Although it is not clearly elucidated what
modulates NEAT1 transcription, c-MYC, OCT4 (octamer-binding tran-
scription factor 4), C/EBPf, and p53 are determined to bind at the
NEAT1’s promoter to affect its transcription activity. These transcription
factors were also found to be interestingly correlated with cisplatin
resistance [158,190-192]. Using the ChIP-qPCR assay, the free proteins
of ¢-MYC, OCT4, and p53 are overexpressed in cisplatin-resistant BC
cells, and also ¢-MYC, OCT4, and p53 are greatly concentrated on
NEAT1 promoter when bladder tumor cells are affected by cisplatin.
Furthermore, other critical enzymes have been speculated to be
responsible for RNA splicing of NEAT1 in cisplatin-resistant BC cells that
need to be further clarified [189]. Ultimately, NEAT1.1 is considered to
be harmful for overcoming BC cisplatin resistance, and its knockdown
can increase the repression of cell growth, invasion, and apoptosis of BCs
cells during cisplatin therapy [189].
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5.4. Migration

In tumor environments, the metastatic pathway is principally con-
ducted by a particular trait that is called migration. Migration is
responsible not only for the long-range tumor cell translocation but also
for short-range translocations, accelerating tumor growth and expansion
[193,194]. A comprehensive understanding of tumor cell migration is
necessary to gain insight into metastasis and subsequent cancer devel-
opment [195]. More recently, migration and metastasis have been re-
ported to be regulated by ncRNA transcripts in cisplatin chemo-resistant
or chemo-sensitive BC cells. The following paragraphs will provide
detailed information in the context.

5.4.1. NcRNAs are responsible for migration regulation in cisplatin-
resistant bladder tumor cells

Vascular endothelial growth factor C (VEGF-C), as a crucial lym-
phangiogenic molecule, is regarded as a promoter of the lymphatic
vessels permeability. Under cancerous conditions, VEGF-C positively
correlates with lymphatic spread in BC, and provokes cell migration to
lymphatic vessels, as well as regulating cisplatin resistance in a group of
malignancies [196]. Although VEGF-C have angiogenic effects on
endothelial cells [197], it mostly acts lymphatically by operating the
Flt4/VEGFR-3 and KDR/VEGFR-2 receptor tyrosine kinases (RTKs) that
have been reported to be expressed in the lymphatic and high venular
endothelia of lymph nodes [196]. In this regard, VEGF-C hyper--
activation has been found to generate lymphatic endothelial prolifera-
tion and hyperplasia of the lymphatic vasculature [198]. Among several
miRNAs involved in cisplatin resistance, miR-101 has been well-defined
as a tumor-suppressive miRNA with inhibitory effects on proliferation,
migration, and invasion, which its under-expression was previously
found to be linked to BC [199]. In TCC, miR-101 has also been revealed
to suppress proliferation and colony formation by blocking EZH2
methyltransferase, directly [199]. The histone H3 demethylase Not dead
yet-1 (NDY1)/histone lysine demethylase 2B (KDM2B)-miR-101-EZH2
axis is an active pathway in BC cells [200], wherein miR-101 blocks the
motility of BC cells through targeting the c-Met’s 3-UTR [201]. By
getting assistance from the TargetScan database, VEGF-C was identified
as a potential target for miR-101. In this area, miR-101 negatively
modulates the protein expression levels of VEGF-C post-transcription-
ally. Together, miR-101 and VEGF-C can independently increase the
cisplatin cytotoxicity in BC cells, and VEGF-C itself rescued the effect of
miR-101 on BC-related cisplatin chemo-sensitivity as well [202].
Despite the necessity of further explorations to determine other possible
targets of miR-101, this miRNA has promised as an ideal molecular
target for BC management [202].

The transcription factor AP-2 alpha (AP-2a or TFAP2A) is a newly
identified biomarker for monitoring the prognosis of chemotherapy.
This transcription factor primarily serves as a tumor suppressor through
modulating the expression status of multiple cancer-related genes,
including p21, matrix metalloproteinase 9 (MMP9), E-cadherin, Bcl-2
and Bax [203,204]. It was interestingly defined that AP-2u expression
has a positive interaction with chemo-sensitive trait in BC, as well as
other neoplasms such as breast, bladder, and endometrium cancers
[205-207]. Under the neoplastic conditions, AP-2a is often suppressed
by promoter hypermethylation or the action of miRNAs, which in turn
causes drug resistance [208,209]. MiR-193a-5p is one of those regula-
tory miRNAs that can block the AP-2u by targeting its coding sequence
[210]. MiR-193a-5p suppression or AP-2a gene overexpression were
experimentally found to reduce cisplatin resistance in BC cell line
UM-UC-3 (211). The involvement of miR-193a in MIBC was also clini-
cally evaluated, which resulted in clarification of a negative association
between miR-193a and patient OS [211]. Whilst, the AP-2a itself was
found to serve as a predictive marker for good response and survival
after cisplatin-based chemotherapy [212,213]. AP-2a protein over-
expression was also recognized to be related to good response to
cisplatin in BC, whereas its suppression promoted the proliferation of



M. Hashem et al.

the SW780 BC cells along with decreasing sensitivity to cisplatin and
gemcitabine regimen [207]. Thereby, miR-193a-5p can be considered as
a cisplatin resistance inducer by inhibiting the AP-2a expression [210].
In consistent, once SV-HUC-1 urothelial cells were infected with lenti-
viral AP-2a gene or miR-193a-5p inhibitor, migration and cisplatin
resistance were attenuated, which were inverted following AP-2a
knockdown of miR-193a-5p up-regulation [210].

Like other previously stated processes, IncRNAs are also involved in
migration and metastasis. MALAT1, as a markedly conserved nuclear
IncRNA with particular oncogenic roles, is a well-defined transcript in
this context that has recently been determined to modulate migration,
proliferation, invasion, and apoptosis in a broad spectrum of cancers,
such as BC [214]. Since MALAT1 can mediate cisplatin-resistance by
up-regulating the drug resistance-related proteins, including MRP1 and
MDR1, via signal transducer and activator of transcription protein 3
(STAT3) activation, the elucidation of its underlying mechanisms of
action may help decreasing the chemotherapy resistance as well as
increasing the efficacy of conventional therapeutics [215]. In BC cells,
MALAT1 suppression affects the cisplatin chemo-resistance of BC cells,
as it can increase cisplatin-induced suppression of cell viability in the
corresponding cells. It can be concluded that ectopic expression of
MALAT1 might cause cisplatin resistance in BC. According to the
recently conducted mechanistic analyses, IncRNAs have been deter-
mined to act on chromatin or the transcription process, as well as the
stability, editing, transportation, and translation of the RNA transcripts
[216]. Growing body of evidence also supports that IncRNAs exert their
major effects by harboring ceRNAs. The ceRNA hypothesis declares that
IncRNAs could competitively bind with and decoy the miRNAs as po-
tential molecular sponges, and thus restoring the expression and activ-
ities of the targets of miRNA, leading to the generation of new
IncRNAs/miRNAs/mRNA regulatory pathways [217,218]. One of these
modulatory loops has been found to be existed between MALAT1 and
miR-101-3p for further controlling of cisplatin resistance in BC cells.
Experimentally, miR-101-3p was demonstrated to be down-regulated in
EJ-M3-CDDP and 5637-CDDP cells in comparison to that in EJ-M3 and
5637 cells. It should also be noted that in BC-related cisplatin resistance,
MALAT1 and miR-101-3p are intercorrelated in an inverse manner
[215].

CircZNF609 is the other ncRNA, recently established to be related to
migration in line with cisplatin resistance. Like many other circRNAs, it
can induce tumor expansion by sponging diverse miRNAs [219]. For
instance, by sponging miR-1200, circZNF609 can serve as an oncogene
because miR-1200 generally blocks the tumor development and in-
creases cisplatin sensitivity in a group of cancers [219-221]. Similarly,
in BC, miR1200 boosts the sensitivity of tumor cells to cisplatin and
decelerates the tumor expansion by down-modulating the CDC25B.
CDC25B, is a cell cycle modulator that has the ability of changing cell
cycle phases distribution in cancer cells [222]. Cisplatin can eradicate
tumor cells more efficiently in the G1 phase [223], and CDC25B over-
expression has been importantly found to decrease the number of BC
cells during G1 phase, and thus attenuates cisplatin chemo-sensitivity
[224].

5.5. Autophagy

To the best of our knowledge, autophagy is an evolutionarily
conserved flux responsible for self-catabolic organelle recycle that is
principally activated due to starvation, cellular stress, and the presence
of reactive oxygen species (ROS) to protect against exacerbation of the
circumstances [225,226]. Autophagy acts as a double-edged sword; for
instance, sufficient autophagy maintains a steady state of an organ,
while its excessive activation may induce the progression of organ fail-
ure [227]. In this regard, chemo-resistant tumors can undesirably keep
themselves alive by over-activating the autophagy flux. Therefore,
autophagy is also considered to be one of the factors inducing chemical
resistance [228]. Autophagy is under the regulation of a set of genes,
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called autophagy-related genes (Atgs), and the proteins encoded by
these genes (i.e. ATGs) [229]. Atg7 is one of the before mentioned genes
that plays a synergistic role in the migration and invasion of BC cells.
ATG?7, as the related protein, principally involves in intracellular auto-
phagy response and can triggers BC attacks in an autophagy-dependent
manner that is mediated by enhancing the stability of ARHGDIB mRNA
[230,231]. Although there is limited evidence on the existing
ncRNA-regulated network between autophagy and migration in
cisplatin chemo-resistant BC cells, the succeeding paragraph will high-
light this regulatory axis.

5.5.1. NcRNAs and autophagy are interconnected in cisplatin resistance
during BC

MiR-7-5p is an anti-tumor miRNA that is slightly expressed in BC
tissues than in adjacent counterparts. The overexpression of miR-7-5p
can favorably suppress the migration and invasion, as well as auto-
phagy in BC cells, probably converting this RNA molecule to a novel
therapeutic target for BC eradication. Experimental data revealed that
the corresponding miRNA could decrease autophagy, blocked BC
migration, and induced cisplatin sensitivity primarily by down-
regulating the ATG7 [232]. As mentioned before, autophagy has a
dual role in cancer development, which can act either as an oncogene or
a tumor suppressor [233]. ATG7 has also been identified to be associated
with CD44s in BC cell invasion and metastasis [234], and also the reg-
ulatory axis ETS2/miRNA196b/FOX01/p27 has been reported to target
ATG?7 in BC cells [235]. The interaction between miRNAs and ATGs have
also been reported in chemo-resistance of other cancers, as miR-27b-3p
and ATG10 together regulate the chemo-resistant phenotype in colo-
rectal cancer [236]. Furthermore, the miR-146a-5p/TRAF6/NF-kB/p65
axis is known for its modulatory role on pancreatic cancer drug resis-
tance [237].

5.6. Inflammation and oxidative stress

There are a significant number of epidemiological and experimental
analyses that have verified the correlation between inflammation and
cancer expansion. The same investigations have also declared that anti-
inflammatory therapies can be efficiently result in cancer prevention
and treatment [238,239]. Many years ago, it was realized that inflam-
matory cells are present inside the tumors and the tumors actually arise
at sites of chronic inflammation [238,239]. Inflammatory bowel disease
and chronic pancreatitis are great examples of this kind that are corre-
lated with the risk of colon adenocarcinoma [240,241] and pancreatic
cancer [242], respectively. The precise mechanisms by which a
wound-healing process turns into neoplasm are currently under inves-
tigation [243,244], and a variety of possible mechanisms such as in-
duction of genomic instability, epigenetic modifications, and subsequent
inappropriate gene expression, can increase cell proliferation, resistance
to apoptosis, and invasion through tumor-related basement membrane,
and metastasis [245].

On the other hand, oxidative stress is known as an imbalance be-
tween ROS content and the antioxidant levels, that is associated with the
progression of many diseases from neurodegenerative disorders to
diverse neoplasms [246]. Human cells have been equipped with multi-
ple biochemical and genetic facilities to maintain the before mentioned
balance. Tumor cells often represent extopoic redox homeostasis, but
since ROS promote tumorigenesis, high levels of ROS are cytotoxic
[247]. Cancer cell proliferation can be accompanied by ROS
over-production and they are adapted to survive under circumstances
wherein oxidative burden pushes the redox balance away from a
reduced status; it has been found that tumor cells achieve this by
enhancing their antioxidant status to boost ROS-driven proliferation,
and inversely avoiding ROS thresholds that would trigger senescence
and apoptosis [248]. The reduced glutathione (GSH), thioredoxins
(TXN1 and TXN2), and NADPH, along with the mechanisms governing
their abundance under physiological conditions and during the onset,
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development, and metastatic stages of cancer, as well as post-therapy
recurrence are the crucial contributors to oxidative stress-mediated
pathologies. The heterogeneity inherent in the evolution of malig-
nancies may explain the anomalous effects of antioxidants on the
expansion and metastatic distribution of neoplastic maladies [249].

Both inflammation and oxidative stress have been reported to be
significantly associated with cisplatin resistance in BC, under the regu-
lation of ncRNAs. More detailed information in this context has been
provided below.

5.6.1. NcRNAs at the upstream of inflammation and oxidative stress in
cisplatin-resistant BC cells

MiR-101 has been recognized to suppress cell proliferation and in-
vasion in bladder carcinoma and prostate cancer [250,251]. Zhang et al.
[252] additionally declared that miR-101 down-regulation served as an
oncogene by inducing cell proliferation and invasion and repressing
paclitaxel-induced apoptosis in NSCLC. MiR-101 expression was signif-
icantly down-modulated in cisplatin-resistant BC cells compared to that
in parent cells [253]. Using the TargetScan software, COX-2 was spec-
ulated to serve as a direct target for miR-101 due to a seed region in
miR-101 that is able to attach to the COX-2 mRNA 3-UTR. A luciferase
reporter vector (pGL3-COX2-wildtype) with the 3-UTR of COX-2 with a
putative miR-101 complementary region was experimentally con-
structed, and then a markedly lower level of luciferase activity was
monitored when T24/CDDP cells were co-transfected with the miR-101
mimic and pGL3-COX2-wildtype, demonstrating a direct relationship
between miR-101 and COX-2 mRNA. COX-2 inhibitors can further
sensitize chemo-resistant cancer cells to chemotherapy [253]. Thera-
peutic approaches targeting chemo-resistance in relation to miRNAs,
such as hsa-miR-101, may promisingly increase therapeutic efficacy
[253].

MiR-27a is the part of a larger signature of miRNA expression that
stratifies cisplatin resistance in BC and a substantial role has unveiled for
this miRNA in mediating cisplatin BC cells by regulating SLC7A11
expression, leading to an increased cystine import and subsequent
enhancement of glutathione synthesis [254]. SLC7A11 up-modulation
has been reported as a mechanism of cisplatin resistance in a group of
cancers. Enhanced drug efflux, diminished influx or sequestration seem
to be amongst the major mechanisms of drug resistance in solid tumors.
The reduced form of glutathione (GSH) has a crucial role in this context,
as this thiol-containing tripeptide is a strong electron donor and protects
against the harmful effects of various endogenous stresses by quenching
free radicals and radical centers on DNA as well as other biomolecules
[255]. GSH has also the ability of protecting cells from the cytotoxic
effects of diverse chemotherapeutic agents, including cisplatin, and ra-
diotherapies [256].

Regarding the oxidative stress, LOXL4, a target of miR-193a-3p, af-
fects BC chemo-resistance by miR-193a-3p. LOXL4 expression is influ-
enced by hypoxia, DNA methylation, and miR-193a-3p, and it is
principally related to tumor invasion, metastasis, and treatment.
Moreover, Nrf2, a transcriptional factor of the oxidative stress pathway,
mediates chemo-resistance. The abnormal expression of Nrf2 makes the
cells resistant to various anti-tumor agents, while siRNA-mediated
suppression of Nrf2 in cells with high expression levels of Nrf2 sensi-
tizes cells to the drug toxicity. The chemo-resistant H-bc cells have a
significantly higher level of both Nrfl and Nrf2 and a higher oxidative
stress pathway activity than the chemo-sensitive 5637 cells [257-263].

6. Clinical applications of non-coding RNAs in bladder cancer
theranostics

NcRNAs has recently attracted much attention to be clinically used in
cancer management (Table 2). NcRNAs target various mRNAs, which
are responsible for encoding proteins involved in modulation of a spe-
cific mechanism. Several ncRNAs are now under clinical investigation to
be clarified where they stand in cancer pathogenesis. Nevertheless,
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challenges like delivery to specific regions, bioavailability, and speci-
ficity might restricted the therapeutic use of ncRNAs in clinical settings
[58,271]. Next paragraphs will highlight the clinical contribution of
ncRNAs to BC theranostics (Fig. 4).

6.1. NcRNAs for bladder cancer diagnosis and prognosis

According to biomarker studies, miRNAs have considerable diag-
nostic and prognostic potentials during BC, which can be exemplified by
miR-200 overexpression that is in correlation with better prognosis
along with overall and recurrence-free survival [272]. On the other

Table 2
Clinical applications of ncRNAs in BC management.
NcRNA BC Expression Clinical Reference
subtype pattern application

MiRNAs

MiR-183-5p BC Up Therapeutic [79]1
target

MiR-7-5p BC Down Therapeutic [232]
target

MiR-325 BC Down Therapeutic [85]
target

MiR-486-5p MIBC Not reported. Therapeutic [91]
target

MiR-222 BC Up Therapeutic [144]
target
Prognostic
biomarker

MiR-101 BC Down Therapeutic [202]
target

MiR-150 MIBC Up Therapeutic [178]
target

MiR-101 BC Down Therapeutic [253]
target

MiR-27a BC Up Therapeutic [264]
target
Prognostic
biomarker

MiR-34a MIBC Down Therapeutic [155]
target

MiR-34a BC Not reported. Therapeutic [265]
target

MiR-424 BC Not reported. Therapeutic [266]
target

MiR-193a-3p BC Not reported. Therapeutic [262]
target

LncRNAs

NEAT1 BC Not reported. Therapeutic [189]
target

HIF1A-AS2 BC Up Therapeutic [267]
target

UCA1 BC Up Therapeutic [268]
target

MALAT1 BC Up Therapeutic [215]
target

TUG1 BC Up Therapeutic [164]
target

DLEU1 BC Up Therapeutic [171]
target
Prognostic
biomarker

UCA1 BC Up Therapeutic [317]1
target
Diagnostic
biomarker

CircRNAs

CircZNF609 BC Up Prognostic [224]
biomarker

CiRS-7 BC Not reported. Therapeutic [140]
target

Hsa_circ_0000285 BC Down Prognostic [270]
biomarker

Circ_0058,063 BC Up Prognostic [175]
biomarker
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hand, the overexpression of hsa-miR-663a and hsa-miR-3648 accom-
panied by the under-expression of hsa-miR-185-5p, hsa-miR-30c-5p,
hsa-miR-1270, hsa-miR-200c-3p, and hsa-miR-29¢-5p is markedly
linked to shorter OS in BC patients [273,274]. A 7-miRNA-containg
panel (incl. miR-6087, miR-6724-5p, miR-3960, miR-1343-5p,
miR-1185-1-3p, miR-6831-5p and miR-4695-5p) has been recognized
to be beneficial in specific differentiation of BC from non-cancerous
conditions and other tumor species [275]. Furthermore, the combina-
tion of miR-181b-5p, miR-183-5p, miR-199-5p and miR-221-3p can be
desirably employed to diagnose BC [276].

Circulating miRNAs have the ability of being used as BC potential
biomarkers through liquid biopsy-based diagnosis. It has been shown
that urinary content of miR-7-5p, miR-22-3p, miR-29a-3p, miR-126-5p,
miR-200a-3p, miR-375, and miR-423-5p could serve as very non-
invasive biomarkers for BC detection (Mitash et al., 2017). In line
with these urinary miRNAs, miR-148b-3p, miR-3187-3p, miR-15b-5p,
miR-27a-3p, and miR-30a-5p, which are markedly detectable in serum
specimens, are capable biomarkers for a great BC prognosis [277]. Xie
et al. [278] demonstrated that hsa-miR-185-5p, hsa-miR-663a, hsa--

miR-30c-5p, hsa-miR-3648, hsa-miR-1270, hsa-miR-200c-3p, and
hsa-miR-29¢-5p were up-modulated in serum samples obtained from BC
patients compared to the control subjects [276,278]. If the
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corresponding miRNAs become dysregulated, a decrease in the OS of BC
patients will then be observed.

Like miRNAs, IncRNAs also represent desirable characteristics to
serve as diagnostic or prognostic indicators for BC. Regarding the low
expression levels of IncRNAs, the overexpressed IncRNAs are more
conducive to diagnosis for BC [279]. In this framework, UCA1 is one of
the well-studied candidates for BC diagnosis. It has been reported that
UCA1 mRNA expression levels are significantly related to the grade of
bladder neoplasm [280,281]. UCAl is actually a hypersensitive
biomarker for the BC T2-T4 stage, thus providing a good prognosis of BC
patients [282]. H19 and HOTAIR molecules are other IncRNAs that
exhibit overexpression in BC tissues in comparison to non-cancerous
counterparts [283]. It has been demonstrated that HOTAIR
up-modulation concurrent with GAS5 overexpression are in line with
poor OS among BC patients [284]. HOTAIR in combination with
MALAT1 and LINC00477 IncRNAs are valuable urinary biomarkers, as
their overexpression has been detected in exosomes extracted from urine
specimens of high-grade MIBC patients [285]. Notwithstanding, further
studies must be conducted to confirm HOTAIR diagnostic potentials in
relation to BC [286]. In the case of GASS5, its down-regulation was found
in association with poor OS [287]. Additionally, MALAT1 induction was
shown to be substantially correlated with the grade and metastasis in
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BC, suggesting MALAT1 as a prognostic biomarker for BC cases [288].

In a comprehensive study, Duan et al. reported a panel of differen-
tially expressed (DE) IncRNAs extracted from serum specimens, among
which MEG3, SNHG16, and MALAT1 were detected to be differentially
expressed in the serum of healthy individuals compared to BC patients,
as well as those with benign disease. They proposed the corresponding
panel as a suitable profile for BC diagnosis [289]. NEAT1, PANDAR,
PVT1, SUMO1P3, CCAT2, GHET1 and HIF1A-AS2 are other BC-related
IncRNAs that are statistically linked to histological grading and TNM
staging of the malady [290-293]. In this area, IncRNA-n336928 has also
been indicated to positively correlate with BC stage, histological grade,
and patient OS [294,295]. Relevant studies further revealed that TUG1
levels were also increased in metastatic BCs, with a positive association
with poor OS, especially in MIBC patients [296] Still, some IncRNAs give
us limited information, as TINCR, BANCR, and MIR31HG expression can
only reflect the advanced TNM stage [297-299].

A panel of 25 IncRNAs, including DUXAPS8, FGFR3-AS1, ZEB1-AS1,
CRNDE, SUMO1P3, GAPLINC, ZFAS1, TP73-AS1, NORAD, SNHGS,
SNHG16, PCAT-1, XIST, CAT266, CAT1297, CAT1647, CCAT2, CASC2,
CASC8, CCEPR, ABHD11-AS1, linc-UBC1, PANDA, LSINCT5, and
PTENP1, were recognized to be implicated in BC metastasis, invasion
and TNM stage. Moreover, CDKN2B-AS, IncRNA PVT1, GAS5, UCA1,
HOTAIR, SNHG16, Linc00857, FOXD2-AS1 were 8 IncRNAs found to be
associated with chemo-sensitivity/resistance. TUG1 was the only
IncRNA involved in BC radio-sensitivity in bladder cancer [279].

Together, IncRNAs are potential molecules serving as suitable diag-
nostic and/or prognostic biomarkers for BC management. New IncRNA
biomarkers to be used for BC diagnosis should definitely be investigated
in previous in vitro and clinical studies. Notably, a single IncRNA may
often not be a reliable diagnostic indicator for timely detection of BC,
and thus IncRNA panels are usually suggested to be used. Further sys-
tematic evaluations on IncRNAs will elucidate the diagnostic application
of these RNA transcripts for BC patients [279,300].

In the case of diagnostic and prognostic potentials of the other
ncRNA subgroup, i.e. circRNAs, obtained data have indicated that some
of them are associated with chemo-sensitivity during BC. Using q RT-
PCR analysis, circELP3 was identified to be up-modulated in BC cells
that were cultured under hypoxic conditions. The hypoxia-induced cir-
cELP3 expression could induce cell proliferation and blocked the
apoptotic tract in the same BC cells [10]. Hypoxia-induced circELP3 also
triggered BC cisplatin resistance in vitro [10]. Hsa_circ_ 0000285 was
found to be down-regulated in BC tissues than in normal bladder
counterparts [301]. Besides, the levels of hsa_circ_0000285 were lower
in cisplatin-resistant BC patients than in cisplatin-sensitive BC patients
[301]. As cisplatin resistance causes poor prognosis in patients who are
experiencing advanced BC, it is highly recommended to continue to find
out clinical implications of the role of circRNAs in cisplatin resistance for
further investigation of their potential to be biomarkers and/or thera-
peutic targets in BC patients, especially non-responders to cisplatin
[302].

6.2. NcRNAs for bladder cancer therapy

Owing to comprehensive molecular investigations conducted by The
Cancer Genome Atlas (TCGA), the commonest singling pathways such as
Notch, PI3K/Akt, RTK-RAS, p53, and Wnt/f-catenin were analyzed in
33 cancer types [303]. Despite the differences between tumor subtypes,
soma number of similar genomic changes have been identified. Also,
three pathways, including p53/cell cycle regulation, RTK/RAS/PI3K
signaling, and chromatin remodeling mechanisms were found to be
commonly dysregulated in BC [304]. These signaling mechanisms are
interestingly modulated by IncRNAs, viz. HOTAIR, XIST, and H19. Thus,
regarding the importance of those signaling pathways in BC progression,
IncRNAs may have potential therapeutic applications.

Currently, IncRNAs can be silenced by antisense oligonucleotides
(ASOs), siRNAs, and small molecules to cease cancer expansion and
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metastasis [305-308]. The siRNA strategy has the potential of
down-regulating the targeted IncRNA in a significant manner, and thus
it has recently been considered as a therapeutic modality [309].
Although RNA interfering techniques are beneficial, they cannot be
harbored for silencing IncRNAs localized in the nucleus; in such situa-
tions, ASOs are the best alternatives. MALAT1 is one of those IncRNAs
that is mostly localized within the nuclei of tumor cells, such as BC
[310]. ASO-mediated targeting of MALAT1 has shown therapeutic effi-
cacy in a preclinical cancer models [311].

BC-819 (DTA-H19) is a double-stranded DNA plasmid that is
employed to target H19 in BC cells [312]. It has been interestingly found
that BC can be successfully cured by intravesical infusion of
H19-DTA-P4-DTA [313]. A phase II clinical trial analyzed the efficacy
and cytotoxicity of BC-819 instillations by studying 47 patients with
recurrent BC. The median time to recurrence was 11.3 months, and the
recurrence time was 22.1 months in all patients when assessed by
response status at 3 months. Accordingly, BC-819 might be considered
as a potential therapeutic agent for BCs expressing H19 [314,315].

6.3. NcRNAs in overcoming the cisplatin resistance relative to bladder
cancer: clinical evidence

Regarding the clinical evidence, there are limited number of ncRNAs
with involvement in BC’s cisplatin resistance regulation in clinical set-
tings. One of these RNA transcripts is HIF1A-AS2 as a IncRNA that is
induced by low oxygen levels and is specific to certain subtypes of BC.
After exposure to cisplatin, HIF1A-AS2 levels increase in both BC cells
and tissues, making them less susceptible to cisplatin-mediated cell
death. Nonetheless, when HIF1A-AS2 is silenced, the cisplatin-resistant
BC cells become more vulnerable to apoptosis. The mechanism of
HIF1A-AS2 involves the downregulation of p53 family proteins, which
are key regulators of cell cycle and apoptosis, by enhancing the
expression of HMGA1, a chromatin-binding protein. HMGA1 forms a
complex with p53 family proteins and prevents them from activating the
transcription of Bax that promotes apoptosis. Therefore, by reducing
HIF1A-AS2 or HMGAL1 levels, Bax expression is restored, and cisplatin-
induced apoptosis is augmented. Additionally, we observed that
HIF1A-AS2 expression was significantly elevated and positively associ-
ated with HIFla and HMGA1 expression in human BC tissues after
cisplatin treatment. These results imply that HIF1A-AS2 acts as a tumor
promoter by blocking the p53-mediated apoptotic pathway, leading to
cisplatin resistance in BC. Furthermore, this study suggests that HIF1A-
AS2 may be a potential target for BC therapy [267].

The clinical implication of ncRNAs in BC-related cisplatin resistance
can also be exemplified by the IncRNA Urothelial Cancer Associated 1
(UCA1) that is overexpressed in human BC, where it enhances cancer
cell growth, movement, invasion, and survival against chemotherapy. It
was shown that knocking down the UCA1 lowered the effectiveness of
cisplatin/gemcitabine chemotherapy by inhibiting cell growth and
promoting cell death, whereas overexpressing UCAl improved the
response to chemotherapy in BC cells. Moreover, UCA1 stimulated the
transcription factor CREB, which in turn activated miR-196a-5p by
binding to its promoter region. The upregulation of miR-196a-5p was
crucial for UCA1’s ability to prevent cell death caused by cisplatin/
gemcitabine, through targeting the cell cycle inhibitor p27Kipl. These
results revealed a new UCA1-CREB-miR-196a-5p mechanism, account-
ing for UCAL’s involvement in cisplatin/gemcitabine resistance and
indicated UCAL1 as a promising candidate for BC therapy [268].

Last but not least, the expression of IncRNA DLEU1 has also been
realized to be increased in BC tissues, and BC patients with high levels of
DLEU1 have a lower chance of survival. DLEU1 enhances the growth,
movement, and survival of BC cells against chemotherapy by increasing
the expression of HS3ST3B1, a gene that encodes an enzyme involved in
modifying carbohydrate molecules on the cell surface. DLEU1 does this
by reducing the stability of miR-99b that can bind to and silence the
HS3ST3B1 gene. BC patients with low miR-99b and high HS3ST3B1
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levels have a worse outcome in this era. HS3ST3B1 overexpression or
miR-99b under-expression can undo the effects of DLEU1 knockdown,
which reduces the expression of DLEU1. All these findings demonstrate
that the DLEU1/miR-99b/HS3ST3B1 pathway is important for control-
ling BC cell growth, invasion, and chemotherapy resistance [316].

7. Conclusions and perspectives

Lots of clinical evaluations have simultaneously demonstrated the
crosstalk between up- or down-regulated ncRNAs and the grade, stage,
and metastatic status of tumor cells [318]. Once the homeostatic status
is disrupted due to the cancer expansion, oncogenic ncRNAs are often
overexpressed, while the tumor-suppressive counterparts are
down-modulated. Nevertheless, the exact functional role of ncRNAs is
still puzzling as the result of the complexity of their expression profiles
and targeting proteins. NcRNAs, especially miRNAs and IncRNAs, typi-
cally interact with downstream mRNAs to regulate cellular processes
related to cancer development such as proliferation, apoptosis, immune
response, drug resistance, and autophagy [319,320]. For the last two
processes, namely drug resistance and autophagy, blocking autophagy
has been shown to make the BC cells more sensitive to cisplatin and
gemcitabine and cisplatin. In clinic, BC patients are usually treated by
cisplatin-based chemotherapeutics; however, many patients cannot be
effectively treated due to cisplatin chemo-resistance, which has recently
been discovered to be controlled by various ncRNAs, including miRNAs,
IncRNAs, and circRNAs. This interaction is explained by the crucial role
of autophagy in the advancement of chemo-resistance, and therefore,
ncRNAs with the capacity of blocking autophagy can be used in com-
bination with standard therapies to enhance their efficiency in BC pa-
tients soon.

The modulatory roles of ncRNAs in different processes involved in BC
formation need to be further investigated to solve the current problems
in the field of discovering new diagnostic markers and novel therapeutic
options in bladder tumors. The contribution of ncRNAs as potential
biomarkers to BC diagnosis and prognosis has been revealed by several
studies. Indeed, these RNA transcripts have the ability to be detected in
various biological fluids through liquid biopsy-based techniques, or in
multiple cancerous and non-cancerous tissues to provide valuable data
for disease diagnosis. CircRNAs in this context are considered the most
effective circulating biomarkers, as they are resistant to exonucleases
found in circulation or other biological circumstances. Regarding the
role of ncRNAs in regulation of BC-related processes, different thera-
peutic approaches can be accurately tailored for the effective treatment
of this malignancy. As an example, targeting particular ncRNAs may
desirably increase the sensitivity of tumor cells towards routine chemo-
drug such as cisplatin. The discovery of new cutting-edge methodologies
has promoted the ncRNA-based therapeutics to enter the area of preci-
sion medicine. The accumulating evidence in this field offer a perspec-
tive regarding the molecular profile of BC patients in order to use these
ncRNAs as therapeutic agents to target molecular mechanisms involved
in cispaltin resistance, as applications in precision medicine.
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Key abbreviations

Akt Protein kinase B

ALKBH AlkB homolog 5 RNA demethylase

BC Bladder cancer

BMF Bcl-2-modifying factor

CDK Cyclin-dependent kinase

ceRNAs Competing endogenous RNAs

circRNAs Circular RNAs

COX Cyclooxygenase

CREB cAMP-response element binding protein
CSC Cancer stem cell

EMT Epithelial-to-mesenchymal transition
FOXO  Forkhead box O

HAX-1 Hematopoietic cell-specific protein 1-associated protein X-1
HCC Hepatocellular carcinoma

HIF-la  Hypoxia-inducible factor 1o

HMGA1 High mobility group AT-hook 1

ICI Immune checkpoint inhibitor

IGFBP  Insulin growth factor-binding protein
IncRNAs Long non-coding RNAs

LOXL4 Lysyl oxidase homolog 4

MDR Multi-drug resistance

MIBC Muscle-invasive bladder cancer

miRNAs MicroRNAs

MI-TCC Muscle-invasive transitional cell carcinoma
MMP Matrix metalloproteinase

MOMP  Mitochondrial outer membrane permeabilization
MRE MiRNA recognition elements

mTOR  Mammalian target of rapamycin

ncRNAs Non-coding RNAs

NSCLC Non-small cell lung cancer

PDL1 Programmed cell death receptor ligand 1
PFS Progression-free survival

PNPT1 Polyribonucleotide nucleotidyltransferase 1
SRPK1  Serine-arginine protein kinase 1

UPS Ubiquitin proteasome systems

UTR Untranslated region

VEGF Vascular endothelial growth factor

ZEB Zinc finger e-box binding homeobox



M. Hashem et al.

References

[1]

[2]

[3]

[4]
[5]
[6]

[7

—

[8]

[9

—

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

M.G.K. Cumberbatch, I. Jubber, P.C. Black, F. Esperto, J.D. Figueroa, A.M. Kamat,
et al., Epidemiology of bladder cancer: a systematic review and contemporary
update of risk factors in 2018, Eur. Urol. 74 (6) (2018) 784-795.

L. Tran, J.F. Xiao, N. Agarwal, J.E. Duex, D. Theodorescu, Advances in bladder
cancer biology and therapy, Nat. Rev. Cancer 21 (2) (2021) 104-121.

J.A. Witjes, E. Compérat, N.C. Cowan, M. De Santis, G. Gakis, T. Lebret, et al.,
EAU guidelines on muscle-invasive and metastatic bladder cancer: summary of
the 2013 guidelines, Eur. Urol. 65 (4) (2014) 778-792.

H.W. Herr, Z. Dotan, S.M. Donat, D.F. Bajorin, Defining optimal therapy for
muscle invasive bladder cancer, J. Urol. 177 (2) (2007) 437-443.

Z. Cai, F. Zhang, W. Chen, J. Zhang, H. Li, miRNAs: a promising target in the
chemoresistance of bladder cancer, OncoTargets Ther. 12 (2019) 11805-11816.
M. Rezaee, F. Mohammadi, A. Keshavarzmotamed, S. Yahyazadeh, O. Vakili, Y.
E. Milasi, et al., The landscape of exosomal non-coding RNAs in breast cancer
drug resistance, focusing on underlying molecular mechanisms, Front.
Pharmacol. 14 (2023) 1152672.

S. Bahmyari, Z. Jamali, S.H. Khatami, O. Vakili, M. Roozitalab, A. Savardashtaki,
et al., microRNAs in female infertility: an overview, Cell Biochem. Funct. 39 (8)
(2021) 955-969.

Y. Li, G. Li, X. Guo, H. Yao, G. Wang, C. Li, Non-coding RNA in bladder cancer,
Cancer Lett. 485 (2020) 38-44.

X. Zhang, Y. Zhang, X. Liu, A. Fang, P. Li, Z. Li, et al., MicroRNA-203 is a
prognostic indicator in bladder cancer and enhances chemosensitivity to cisplatin
via apoptosis by targeting bcl-w and survivin, PLoS One 10 (11) (2015)
e0143441.

Y. Su, W. Yang, N. Jiang, J. Shi, L. Chen, G. Zhong, et al., Hypoxia-elevated
circELP3 contributes to bladder cancer progression and cisplatin resistance, Int. J.
Biol. Sci. 15 (2) (2019) 441-452.

J. Dobruch, M. Oszczudtowski, Bladder cancer: current challenges and future
directions, Medicina 57 (8) (2021).

R. Nadal, J. Bellmunt, Management of metastatic bladder cancer, Cancer Treat
Rev. 76 (2019) 10-21.

J.A. Witjes, H.M. Bruins, R. Cathomas, E.M. Compérat, N.C. Cowan, G. Gakis, et
al., European association of urology guidelines on muscle-invasive and metastatic
bladder cancer: summary of the 2020 guidelines, Eur. Urol. 79 (1) (2021) 82-104.
S.B. Howell, R. Safaei, C.A. Larson, M.J. Sailor, Copper transporters and the
cellular pharmacology of the platinum-containing cancer drugs, Mol. Pharmacol.
77 (6) (2010) 887-894.

D. Kilari, K.A. Iczkowski, C. Pandya, A.J. Robin, E.M. Messing, E. Guancial, et al.,
Copper transporter-CTR1 expression and pathological outcomes in platinum-
treated muscle-invasive bladder cancer patients, Anticancer Res. 36 (2) (2016)
495-501.

J. Bellmunt, L. Paz-Ares, M. Cuello, F.L. Cecere, S. Albiol, V. Guillem, et al., Gene
expression of ERCC1 as a novel prognostic marker in advanced bladder cancer
patients receiving cisplatin-based chemotherapy, Ann. Oncol. 18 (3) (2007)
522-528.

A. Font, M. Taron, J.L. Gago, C. Costa, J.J. Sdnchez, C. Carrato, et al., BRCA1
mRNA expression and outcome to neoadjuvant cisplatin-based chemotherapy in
bladder cancer, Ann. Oncol. 22 (1) (2011) 139-144.

M.Y. Teo, R.M. Bambury, E.C. Zabor, E. Jordan, H. Al-Ahmadie, M.E. Boyd, et al.,
DNA damage response and repair gene alterations are associated with improved
survival in patients with platinum-treated advanced urothelial carcinoma, Clin.
Cancer Res. 23 (14) (2017) 3610-3618.

J. Kim, K.W. Mouw, P. Polak, L.Z. Braunstein, A. Kamburov, D.J. Kwiatkowski, et
al., Somatic ERCC2 mutations are associated with a distinct genomic signature in
urothelial tumors, Nat. Genet. 48 (6) (2016) 600-606.

M. National Library Of, Indexed pain journals, J. Pain Palliat. Care Pharmacother.
22 (1) (2008) 45-46.

P. Boxley, M. Plets, T.W. Flaig, Review of SWOG S1314: lessons from a
randomized phase II study of Co-expression extrapolation (COXEN) with
neoadjuvant chemotherapy for localized, muscle-invasive bladder cancer,
Bladder Cancer 6 (2) (2020) 123-129.

L. Fehrenbacher, A. Spira, M. Ballinger, M. Kowanetz, J. Vansteenkiste,

J. Mazieres, et al., Atezolizumab versus docetaxel for patients with previously
treated non-small-cell lung cancer (POPLAR): a multicentre, open-label, phase 2
randomised controlled trial, Lancet 387 (10030) (2016) 1837-1846.

H. Borghaei, L. Paz-Ares, L. Horn, D.R. Spigel, M. Steins, N.E. Ready, et al.,
Nivolumab versus docetaxel in advanced nonsquamous non-small-cell lung
cancer, N. Engl. J. Med. 373 (17) (2015) 1627-1639.

D.L. Suzman, S. Agrawal, Y.M. Ning, V.E. Maher, L.L. Fernandes, S. Karuri, et al.,
FDA approval summary: atezolizumab or pembrolizumab for the treatment of
patients with advanced urothelial carcinoma ineligible for cisplatin-containing
chemotherapy, Oncol. 24 (4) (2019) 563-569.

R. Cathomas, A. Lorch, H.M. Bruins, E.M. Compérat, N.C. Cowan, J.A. Efstathiou,
et al., The 2021 updated European association of urology guidelines on metastatic
urothelial carcinoma, Eur. Urol. 81 (1) (2022) 95-103.

T. Powles, S.H. Park, E. Voog, C. Caserta, B.P. Valderrama, H. Gurney, et al.,
Avelumab maintenance therapy for advanced or metastatic urothelial carcinoma,
N. Engl. J. Med. 383 (13) (2020) 1218-1230.

V. Gote, S. Sikder, J. Sicotte, D. Pal, Ocular drug delivery: present innovations and
future challenges, J. Pharmacol. Exp. Therapeut. 370 (3) (2019) 602-624.

J.Y. Mun, S.W. Baek, M.S. Jeong, L.H. Jang, S.R. Lee, J.Y. You, et al., Stepwise
molecular mechanisms responsible for chemoresistance in bladder cancer cells,
Cell Death Dis. 8 (1) (2022) 450.

577

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Non-coding RNA Research 9 (2024) 560-582

F. Massari, M. Santoni, C. Ciccarese, M. Brunelli, A. Conti, D. Santini, et al.,
Emerging concepts on drug resistance in bladder cancer: implications for future
strategies, Crit. Rev. Oncol. Hematol. 96 (1) (2015) 81-90.

M. Kanmalar, S.F. Abdul Sani, N. Kamri, N. Said, A. Jamil, S. Kuppusamy, et al.,
Raman spectroscopy biochemical characterisation of bladder cancer cisplatin
resistance regulated by FDFT1: a review, Cell. Mol. Biol. Lett. 27 (1) (2022) 9.
G.R. Pond, J. Bellmunt, R. Fougeray, T.K. Choueiri, A.Q. Qu, G. Niegisch, et al.,
Impact of response to prior chemotherapy in patients with advanced urothelial
carcinoma receiving second-line therapy: implications for trial design, Clin.
Genitourin. Cancer 11 (4) (2013) 495-500.

S.H. Chen, J.Y. Chang, New insights into mechanisms of cisplatin resistance: from
tumor cell to microenvironment, Int. J. Mol. Sci. 20 (17) (2019).

J. Wei, Y. Yin, J. Zhou, H. Chen, J. Peng, J. Yang, et al., METTL3 potentiates
resistance to cisplatin through m(6) A modification of TFAP2C in seminoma,

J. Cell Mol. Med. 24 (19) (2020) 11366-11380.

H. Yu, X. Yang, J. Tang, S. Si, Z. Zhou, J. Lu, et al., ALKBHS5 inhibited cell
proliferation and sensitized bladder cancer cells to cisplatin by m6A-ck2a-
mediated glycolysis, Mol. Ther. Nucleic Acids 23 (2021) 27-41.

G. Jiang, Y. Teramoto, T. Goto, T. Mizushima, S. Inoue, H. Ide, et al.,
Identification of BXDC2 as a key downstream effector of the androgen receptor in
modulating cisplatin sensitivity in bladder cancer, Cancers 13 (5) (2021).

S. He, G. Li, A.G. Schatzlein, P.A. Humphrey, R.M. Weiss, L.F. Uchegbu, et al.,
Down-regulation of GP130 signaling sensitizes bladder cancer to cisplatin by
impairing Ku70 DNA repair signaling and promoting apoptosis, Cell. Signal. 81
(2021) 109931.

X. Mao, Nanzhang, J. Xiao, H. Wu, K. Ding, Hypoxia-induced autophagy enhances
cisplatin resistance in human bladder cancer cells by targeting hypoxia-inducible
factor-1a, J Immunol Res 2021 (2021) 8887437.

K. Okubo, M. Isono, T. Asano, N. ReRIng, W.A. Schulz, F.K. Hansen, et al.,
Ubiquitin-proteasome system is a promising target for killing cisplatin-resistant
bladder cancer cells, Anticancer Res. 41 (6) (2021) 2901-2912.

B. Baptista, M. Riscado, J. Queiroz, C. Pichon, F. Sousa, Non-coding RNAs:
emerging from the discovery to therapeutic applications, Biochem. Pharmacol.
189 (2021) 114469.

T. Loganathan, C.G.P. Doss, Non-coding RNAs in human health and disease:
potential function as biomarkers and therapeutic targets, Funct. Integr. Genom.
23 (1) (2023) 33.

M. Winkle, S.M. El-Daly, M. Fabbri, G.A. Calin, Noncoding RNA
therapeutics—challenges and potential solutions, Nat. Rev. Drug Discov. 20 (8)
(2021) 629-651.

H. Zhang, C. Qin, C. An, X. Zheng, S. Wen, W. Chen, et al., Application of the
CRISPR/Cas9-based gene editing technique in basic research, diagnosis, and
therapy of cancer, Mol. Cancer 20 (2021) 1-22.

A. Rahmati, A. Mafi, O. Vakili, F. Soleymani, Z. Alishahi, S. Yahyazadeh, et al.,
Non-coding RNAs in leukemia drug resistance: new perspectives on molecular
mechanisms and signaling pathways, Ann. Hematol. (2023) 1-28.

A. Movahedpour, S.H. Khatami, M. Khorsand, M. Salehi, A. Savardashtaki, S.
H. Mirmajidi, et al., Exosomal noncoding RNAs: key players in glioblastoma drug
resistance, Mol. Cell. Biochem. 476 (11) (2021) 4081-4092.

A. Mafi, A. Rahmati, Z. Babaei Aghdam, R. Salami, M. Salami, O. Vakili, et al.,
Recent insights into the microRNA-dependent modulation of gliomas from
pathogenesis to diagnosis and treatment, Cell. Mol. Biol. Lett. 27 (1) (2022) 65.
0. Vakili, P. Asili, Z. Babaei, M. Mirahmad, A. Keshavarzmotamed, Z. Asemi, et
al., Circular RNAs in Alzheimer’s Disease: A New Perspective of Diagnostic and
Therapeutic Targets, CNS Neurol Disord Drug Targets, 2022.

A. Mafi, R. Mannani, S. Khalilollah, N. Hedayati, R. Salami, M. Rezaee, et al., The
significant role of microRNAs in gliomas angiogenesis: a particular focus on
molecular mechanisms and opportunities for clinical application, Cell. Mol.
Neurobiol. 43 (7) (2023) 3277-3299.

S. Taghvimi, O. Vakili, E. Soltani Fard, S.H. Khatami, N. Karami, M. Taheri-
Anganeh, et al., Exosomal microRNAs and long noncoding RNAs: novel mediators
of drug resistance in lung cancer, J. Cell. Physiol. 237 (4) (2022) 2095-2106.
Z. Ali Syeda, S.S.S. Langden, C. Munkhzul, M. Lee, S.J. Song, Regulatory
mechanism of MicroRNA expression in cancer, Int. J. Mol. Sci. 21 (5) (2020).
Salehi M, Vafadar A, Khatami SH, Taheri-Anganeh M, Vakili O, Savardashtaki A,
et al. Gastrointestinal cancer drug resistance: the role of exosomal miRNAs. Mol.
Biol. Rep..1-12.

L. Zhuo, J. Liu, B. Wang, M. Gao, A. Huang, Differential miRNA expression
profiles in hepatocellular carcinoma cells and drug-resistant sublines, Oncol. Rep.
29 (2) (2013) 555-562.

L. Yang, N. Li, H. Wang, X. Jia, X. Wang, J. Luo, Altered microRNA expression in
cisplatin-resistant ovarian cancer cells and upregulation of miR-130a associated
with MDR1/P-glycoprotein-mediated drug resistance, Oncol. Rep. 28 (2) (2012)
592-600.

Q. Wang, M. Zhong, W. Liu, J. Li, J. Huang, L. Zheng, Alterations of microRNAs in
cisplatin-resistant human non-small cell lung cancer cells (A549/DDP), Exp. Lung
Res. 37 (7) (2011) 427-434.

L. Nordentoft, K. Birkenkamp-Demtroder, M. Agerbak, D. Theodorescu, M.

S. Ostenfeld, A. Hartmann, et al., miRNAs associated with chemo-sensitivity in
cell lines and in advanced bladder cancer, BMC Med. Genom. 5 (2012) 40.

A. Movahedpour, S.H. Khatami, M. Khorsand, M. Salehi, A. Savardashtaki, S.
H. Mirmajidi, et al., Exosomal noncoding RNAs: key players in glioblastoma drug
resistance, Mol. Cell. Biochem. 476 (2021) 4081-4092.

A. Movahedpour, S.H. Khatami, N. Karami, O. Vakili, P. Naeli, Z. Jamali, et al.,
Exosomal noncoding RNAs in prostate cancer, Clin. Chim. Acta 537 (2022)
127-132.


http://refhub.elsevier.com/S2468-0540(24)00009-X/sref1
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref1
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref1
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref2
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref2
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref3
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref3
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref3
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref4
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref4
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref5
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref5
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref6
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref6
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref6
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref6
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref7
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref7
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref7
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref8
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref8
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref9
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref9
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref9
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref9
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref10
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref10
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref10
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref11
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref11
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref12
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref12
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref13
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref13
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref13
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref14
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref14
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref14
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref15
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref15
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref15
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref15
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref16
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref16
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref16
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref16
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref17
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref17
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref17
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref18
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref18
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref18
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref18
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref19
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref19
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref19
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref20
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref20
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref21
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref21
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref21
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref21
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref22
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref22
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref22
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref22
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref23
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref23
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref23
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref24
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref24
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref24
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref24
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref25
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref25
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref25
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref26
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref26
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref26
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref27
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref27
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref28
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref28
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref28
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref29
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref29
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref29
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref30
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref30
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref30
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref31
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref31
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref31
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref31
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref32
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref32
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref33
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref33
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref33
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref34
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref34
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref34
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref35
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref35
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref35
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref36
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref36
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref36
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref36
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref37
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref37
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref37
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref38
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref38
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref38
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref39
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref39
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref39
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref40
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref40
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref40
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref41
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref41
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref41
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref42
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref42
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref42
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref43
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref43
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref43
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref44
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref44
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref44
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref45
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref45
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref45
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref46
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref46
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref46
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref47
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref47
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref47
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref47
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref48
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref48
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref48
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref49
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref49
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref51
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref51
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref51
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref52
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref52
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref52
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref52
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref53
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref53
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref53
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref54
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref54
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref54
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref55
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref55
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref55
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref56
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref56
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref56

M. Hashem et al.

[57]
[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

1. Barbieri, T. Kouzarides, Role of RNA modifications in cancer, Nat. Rev. Cancer
20 (6) (2020) 303-322.

M. Winkle, S.M. El-Daly, M. Fabbri, G.A. Calin, Noncoding RNA therapeutics -
challenges and potential solutions, Nat. Rev. Drug Discov. 20 (8) (2021) 629-651.
S. Mirzaei, M.D.A. Paskeh, F. Hashemi, A. Zabolian, M. Hashemi, M. Entezari, et
al., Long non-coding RNAs as new players in bladder cancer: lessons from pre-
clinical and clinical studies, Life Sci. 288 (2022) 119948.

A. Kirtonia, M. Ashrafizadeh, A. Zarrabi, K. Hushmandi, A. Zabolian, A.

K. Bejandi, et al., Long noncoding RNAs: a novel insight in the leukemogenesis
and drug resistance in acute myeloid leukemia, J. Cell. Physiol. 237 (1) (2022)
450-465.

J. Tan, K. Qiu, M. Li, Y. Liang, Double-negative feedback loop between long non-
coding RNA TUG1 and miR-145 promotes epithelial to mesenchymal transition
and radioresistance in human bladder cancer cells, FEBS Lett. 589 (20 Pt B)
(2015) 3175-3181.

R. Salami, M. Salami, A. Mafi, O. Vakili, Z. Asemi, Circular RNAs and
glioblastoma multiforme: focus on molecular mechanisms, Cell Commun. Signal.
20 (1) (2022) 13.

S. Najafi, S.M.A. Zarch, J. Majidpoor, S. Pordel, S. Aghamiri, M.F. Rasul, et al.,
Recent insights into the roles of circular RNAs in human brain development and
neurologic diseases, Int. J. Biol. Macromol. 225 (2023) 1038-1048.

S. Mazloomi, V. Mousavi, E. Aghadavod, A. Mafi, Circular RNAs: emerging
modulators in the pathophysiology of polycystic ovary syndrome and their
clinical implications, Curr. Mol. Med. 24 (2) (2023) 153-166.

Z. Dorostgou, N. Yadegar, Z. Dorostgou, F. Khorvash, O. Vakili, Novel insights
into the role of circular RNAs in Parkinson disease: an emerging renaissance in
the management of neurodegenerative diseases, J. Neurosci. Res. 100 (9) (2022)
1775-1790.

A. Mafi, N. Yadegar, M. Salami, R. Salami, O. Vakili, E. Aghadavod, Circular
RNAs; powerful microRNA sponges to overcome diabetic nephropathy, Pathol.
Res. Pract. 227 (2021) 153618.

S. Najafi, S.M. Aghaei Zarch, J. Majidpoor, S. Pordel, S. Aghamiri, M. Fatih Rasul,
et al., Recent insights into the roles of circular RNAs in human brain development
and neurologic diseases, Int. J. Biol. Macromol. 225 (2023) 1038-1048.

Y. Li, F. Zheng, X. Xiao, F. Xie, D. Tao, C. Huang, et al., CircHIPK3 sponges miR-
558 to suppress heparanase expression in bladder cancer cells, EMBO Rep. 18 (9)
(2017) 1646-1659.

A. Rahmati, A. Mafi, F. Soleymani, Z. Babaei Aghdam, N. Masihipour,

B. Ghezelbash, et al., Circular RNAs: pivotal role in the leukemogenesis and novel
indicators for the diagnosis and prognosis of acute myeloid leukemia, Front.
Oncol. 13 (2023) 1149187.

P. Majtnerova, T. Rousar, An overview of apoptosis assays detecting DNA
fragmentation, Mol. Biol. Rep. 45 (5) (2018) 1469-1478.

M.S. D’Arcy, Cell death: a review of the major forms of apoptosis, necrosis and
autophagy, Cell Biol. Int. 43 (6) (2019) 582-592.

R. Jan, G.E. Chaudhry, Understanding apoptosis and apoptotic pathways targeted
cancer therapeutics, Adv. Pharmaceut. Bull. 9 (2) (2019) 205-218.

D. Bertheloot, E. Latz, B.S. Franklin, Necroptosis, pyroptosis and apoptosis: an
intricate game of cell death, Cell. Mol. Immunol. 18 (5) (2021) 1106-1121.

S. Bedoui, M.J. Herold, A. Strasser, Emerging connectivity of programmed cell
death pathways and its physiological implications, Nat. Rev. Mol. Cell Biol. 21
(11) (2020) 678-695.

J. Wu, J. Ye, W. Kong, S. Zhang, Y. Zheng, Programmed cell death pathways in
hearing loss: a review of apoptosis, autophagy and programmed necrosis, Cell
Prolif. 53 (11) (2020) e12915.

B.A. Carneiro, W.S. El-Deiry, Targeting apoptosis in cancer therapy, Nat. Rev.
Clin. Oncol. 17 (7) (2020) 395-417.

X. Liu, R. Fu, Y. Pan, K.F. Meza-Sosa, Z. Zhang, J. Lieberman, PNPT1 release from
mitochondria during apoptosis triggers decay of poly(A) RNAs, Cell 174 (1)
(2018) 187-201.e12.

S.Y. Park, I. Chang, J.Y. Kim, S.W. Kang, S.H. Park, K. Singh, et al., Resistance of
mitochondrial DNA-depleted cells against cell death: role of mitochondrial
superoxide dismutase, J. Biol. Chem. 279 (9) (2004) 7512-7520.

Q.G. Hu, Z. Yang, J.W. Chen, G. Kazobinka, L. Tian, W.C. Li, MiR-183-5p-PNPT1
Axis enhances cisplatin-induced apoptosis in bladder cancer cells, Curr Med Sci
42 (4) (2022) 785-796.

X. Xie, Y. Hu, L. Xu, Y. Fu, J. Tu, H. Zhao, et al., The role of miR-125b-
mitochondria-caspase-3 pathway in doxorubicin resistance and therapy in human
breast cancer, Tumour Biol 36 (9) (2015) 7185-7194.

J.R. Chao, E. Parganas, K. Boyd, C.Y. Hong, J.T. Opferman, J.N. Ihle, Hax1-
mediated processing of HtrA2 by Parl allows survival of lymphocytes and
neurons, Nature 452 (7183) (2008) 98-102.

J. Yan, C. Ma, J. Cheng, Z. Li, C. Liu, HAX-1 inhibits apoptosis in prostate cancer
through the suppression of caspase-9 activation, Oncol. Rep. 34 (5) (2015)
2776-2781.

X. Feng, A. Kwiecinska, E. Rossmann, M. Bottai, T. Ishikawa, M. Patarroyo, et al.,
HAX-1 overexpression in multiple myeloma is associated with poor survival, Br.
J. Haematol. 185 (1) (2019) 179-183.

G. Hu, X. Zhao, J. Wang, L. Lv, C. Wang, L. Feng, et al., miR-125b regulates the
drug-resistance of breast cancer cells to doxorubicin by targeting HAX-1, Oncol.
Lett. 15 (2) (2018) 1621-1629.

R. Li, J.Z. Zheng, X. Huang, Suppression of HAX-1 induced by miR-325
resensitizes bladder cancer cells to cisplatin-induced apoptosis, Eur. Rev. Med.
Pharmacol. Sci. 24 (18) (2020) 9303-9314.

578

[86]

871

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]
[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

Non-coding RNA Research 9 (2024) 560-582

M. Tessema, C.M. Yingling, M.A. Picchi, G. Wu, T. Ryba, Y. Lin, et al., ANK1
Methylation regulates expression of MicroRNA-486-5p and discriminates lung
tumors by histology and smoking status, Cancer Lett. 410 (2017) 191-200.

Y. Yang, C. Ji, S. Guo, X. Su, X. Zhao, S. Zhang, et al., The miR-486-5p plays a
causative role in prostate cancer through negative regulation of multiple tumor
suppressor pathways, Oncotarget 8 (42) (2017) 72835-72846.

Y. Zhang, J. Fu, Z. Zhang, H. Qin, miR-486-5p regulates the migration and
invasion of colorectal cancer cells through targeting PIK3R1, Oncol. Lett. 15 (5)
(2018) 7243-7248.

Y. Shao, Y.Q. Shen, Y.L. Li, C. Liang, B.J. Zhang, S.D. Lu, et al., Direct repression
of the oncogene CDK4 by the tumor suppressor miR-486-5p in non-small cell lung
cancer, Oncotarget 7 (23) (2016) 34011-34021.

H. Liu, Z. Ni, L. Shi, L. Ma, J. Zhao, MiR-486-5p inhibits the proliferation of
leukemia cells and induces apoptosis through targeting FOXO1, Mol. Cell. Probes
44 (2019) 37-43.

J. Salimian, B. Baradaran, S. Azimzadeh Jamalkandi, A. Moridikia, A. Ahmadi,
MiR-486-5p enhances cisplatin sensitivity of human muscle-invasive bladder
cancer cells by induction of apoptosis and down-regulation of metastatic genes,
Urol. Oncol. 38 (9) (2020) 738, e9-.e21.

J. Gong, C. Xing, L.Y. Wang, S.S. Xie, W.D. Xiong, L-Tetrahydropalmatine
enhances the sensitivity of human ovarian cancer cells to cisplatin via microRNA-
93/PTEN/AKkt cascade, J buon 24 (2) (2019) 701-708.

N. Li, M. Han, N. Zhou, Y. Tang, X.S. Tang, MicroRNA-495 confers increased
sensitivity to chemotherapeutic agents in gastric cancer via the mammalian target
of rapamycin (mTOR) signaling pathway by interacting with human epidermal
growth factor receptor 2 (ERBB2), Med. Sci. Mon. Int. Med. J. Exp. Clin. Res. 24
(2018) 5960-5972.

P. Li, X. Yang, Y. Cheng, X. Zhang, C. Yang, X. Deng, et al., MicroRNA-218
increases the sensitivity of bladder cancer to cisplatin by targeting Glutl, Cell.
Physiol. Biochem. 41 (3) (2017) 921-932.

J. Yi, J. Luo, SIRT1 and p53, effect on cancer, senescence and beyond, Biochim.
Biophys. Acta 1804 (8) (2010) 1684-1689.

M. Farcas, A.A. Gavrea, D. Gulei, C. Ionescu, A. Irimie, C.S. Catana, et al., SIRT1
in the development and treatment of hepatocellular carcinoma, Front. Nutr. 6
(2019) 148.

J. Chen, Y. Li, Z. Li, L. Cao, LncRNA MST1P2/miR-133b axis affects the
chemoresistance of bladder cancer to cisplatin-based therapy via Sirt1/p53
signaling, J. Biochem. Mol. Toxicol. 34 (4) (2020) e22452.

S.F. Shariat, Y. Lotan, P.I. Karakiewicz, R. Ashfaq, H. Isbarn, Y. Fradet, et al., p53
predictive value for pT1-2 NO disease at radical cystectomy, J. Urol. 182 (3)
(2009) 907-913.

D. Raghavan, Molecular targeting and pharmacogenomics in the management of
advanced bladder cancer, Cancer 97 (8 Suppl) (2003) 2083-2089.

N. Malats, A. Bustos, C.M. Nascimento, F. Fernandez, M. Rivas, D. Puente, et al.,
P53 as a prognostic marker for bladder cancer: a meta-analysis and review, Lancet
Oncol. 6 (9) (2005) 678-686.

D.R. Johnson, B.C. Biedermann, B. Mook-Kanamori, Rapid cloning of HLA class I
cDNAs by locus specific PCR, J. Immunol. Methods 233 (1-2) (2000) 119-129.
H. Hermeking, The miR-34 family in cancer and apoptosis, Cell Death Differ. 17
(2) (2010) 193-199.

0. Merkel, D. Asslaber, J.D. Pindn, A. Egle, R. Greil, Interdependent regulation of
P53 and miR-34a in chronic lymphocytic leukemia, Cell Cycle 9 (14) (2010)
2764-2768.

R.L. Vinall, A.Z. Ripoll, S. Wang, C.X. Pan, R.W. deVere White, MiR-34a
chemosensitizes bladder cancer cells to cisplatin treatment regardless of p53-Rb
pathway status, Int. J. Cancer 130 (11) (2012) 2526-2538.

S.F. Shariat, H. Tokunaga, J. Zhou, J. Kim, G.E. Ayala, W.F. Benedict, et al., p53,
p21, pRB, and p16 expression predict clinical outcome in cystectomy with
bladder cancer, J. Clin. Oncol. 22 (6) (2004) 1014-1024.

P.A. Gregory, A.G. Bert, E.L. Paterson, S.C. Barry, A. Tsykin, G. Farshid, et al., The
miR-200 family and miR-205 regulate epithelial to mesenchymal transition by
targeting ZEB1 and SIP1, Nat. Cell Biol. 10 (5) (2008) 593-601.

S.M. Park, A.B. Gaur, E. Lengyel, M.E. Peter, The miR-200 family determines the
epithelial phenotype of cancer cells by targeting the E-cadherin repressors ZEB1
and ZEB2, Genes Dev. 22 (7) (2008) 894-907.

P. Ceppi, G. Mudduluru, R. Kumarswamy, I. Rapa, G.V. Scagliotti, M. Papotti, et
al., Loss of miR-200c expression induces an aggressive, invasive, and
chemoresistant phenotype in non-small cell lung cancer, Mol. Cancer Res. 8 (9)
(2010) 1207-1216.

V. Davalos, C. Moutinho, A. Villanueva, R. Boque, P. Silva, F. Carneiro, et al.,
Dynamic epigenetic regulation of the microRNA-200 family mediates epithelial
and mesenchymal transitions in human tumorigenesis, Oncogene 31 (16) (2012)
2062-2074.

T. Shindo, T. Niinuma, N. Nishiyama, N. Shinkai, H. Kitajima, M. Kai, et al.,
Epigenetic silencing of miR-200Db is associated with cisplatin resistance in bladder
cancer, Oncotarget 9 (36) (2018) 24457-24469.

S. von Karstedt, A. Montinaro, H. Walczak, Exploring the TRAILs less travelled:
TRAIL in cancer biology and therapy, Nat. Rev. Cancer 17 (6) (2017) 352-366.
W.S. Tsai, W.S. Yeow, A. Chua, R.M. Reddy, D.M. Nguyen, D.S. Schrump, et al.,
Enhancement of Apo2L/TRAIL-mediated cytotoxicity in esophageal cancer cells
by cisplatin, Mol. Cancer Therapeut. 5 (12) (2006) 2977-2990.

E. Razeghian, W. Suksatan, H. Sulaiman Rahman, D.O. Bokov, W.K. Abdelbasset,
A. Hassanzadeh, et al., Harnessing TRAIL-induced apoptosis pathway for cancer
immunotherapy and associated challenges, Front. Immunol. 12 (2021) 699746.


http://refhub.elsevier.com/S2468-0540(24)00009-X/sref57
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref57
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref58
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref58
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref59
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref59
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref59
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref60
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref60
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref60
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref60
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref61
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref61
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref61
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref61
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref62
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref62
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref62
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref63
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref63
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref63
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref64
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref64
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref64
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref65
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref65
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref65
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref65
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref66
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref66
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref66
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref67
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref67
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref67
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref68
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref68
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref68
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref69
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref69
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref69
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref69
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref70
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref70
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref71
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref71
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref72
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref72
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref73
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref73
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref74
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref74
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref74
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref75
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref75
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref75
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref76
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref76
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref77
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref77
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref77
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref78
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref78
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref78
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref79
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref79
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref79
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref80
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref80
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref80
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref81
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref81
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref81
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref82
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref82
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref82
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref83
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref83
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref83
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref84
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref84
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref84
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref85
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref85
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref85
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref86
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref86
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref86
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref87
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref87
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref87
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref88
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref88
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref88
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref89
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref89
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref89
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref90
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref90
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref90
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref91
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref91
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref91
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref91
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref92
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref92
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref92
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref93
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref93
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref93
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref93
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref93
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref94
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref94
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref94
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref95
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref95
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref96
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref96
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref96
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref97
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref97
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref97
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref98
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref98
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref98
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref99
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref99
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref100
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref100
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref100
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref101
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref101
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref102
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref102
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref103
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref103
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref103
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref104
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref104
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref104
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref105
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref105
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref105
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref106
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref106
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref106
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref107
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref107
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref107
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref108
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref108
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref108
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref108
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref109
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref109
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref109
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref109
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref110
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref110
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref110
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref111
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref111
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref112
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref112
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref112
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref113
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref113
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref113

M. Hashem et al.

[114]

[115]

[116]

[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]

J. Liu, J. Bi, Z. Li, Z. Li, X. Liu, C. Kong, miR-214 reduces cisplatin resistance by
targeting netrin-1 in bladder cancer cells, Int. J. Mol. Med. 41 (3) (2018)
1765-1773.

Y.B. Wang, J. Qin, X.Y. Zheng, Y. Bai, K. Yang, L.P. Xie, Diallyl trisulfide induces
Bcl-2 and caspase-3-dependent apoptosis via downregulation of Akt
phosphorylation in human T24 bladder cancer cells, Phytomedicine 17 (5) (2010)
363-368.

J. Liu, C.Z. Kong, D.X. Gong, Z. Zhang, Y.Y. Zhu, PKC « regulates netrin-1/
UNC5B-mediated survival pathway in bladder cancer, BMC Cancer 14 (2014) 93.
M. Yu, T. Ozaki, D. Sun, H. Xing, B. Wei, J. An, et al., HIF-1a-dependent miR-424
induction confers cisplatin resistance on bladder cancer cells through down-
regulation of pro-apoptotic UNC5B and SIRT4, J. Exp. Clin. Cancer Res. 39 (1)
(2020) 108.

A. Rosa, M. Ballarino, A. Sorrentino, O. Sthandier, F.G. De Angelis, M. Marchioni,
et al., The interplay between the master transcription factor PU.1 and miR-424
regulates human monocyte/macrophage differentiation, Proc. Natl. Acad. Sci. U.
S. A. 104 (50) (2007) 19849-19854.

D.J. Drasin, A.L. Guarnieri, D. Neelakantan, J. Kim, J.H. Cabrera, C.A. Wang, et
al., TWIST1-Induced miR-424 reversibly drives mesenchymal programming while
inhibiting tumor initiation, Cancer Res. 75 (9) (2015) 1908-1921.

Y. Zhang, T. Li, P. Guo, J. Kang, Q. Wei, X. Jia, et al., MiR-424-5p reversed
epithelial-mesenchymal transition of anchorage-independent HCC cells by
directly targeting ICAT and suppressed HCC progression, Sci. Rep. 4 (2014) 6248.
J. Banyard, 1. Chung, A.M. Wilson, G. Vetter, A. Le Béchec, D.R. Bielenberg, et al.,
Regulation of epithelial plasticity by miR-424 and miR-200 in a new prostate
cancer metastasis model, Sci. Rep. 3 (2013) 3151.

X. Chen, M. Liu, F. Meng, B. Sun, X. Jin, C. Jia, The long noncoding RNA HIF1A-
AS2 facilitates cisplatin resistance in bladder cancer, J. Cell. Biochem. 120 (1)
(2019) 243-252.

M. Mineo, F. Ricklefs, A.K. Rooj, S.M. Lyons, P. Ivanov, K.I. Ansari, et al., The long
non-coding RNA HIF1A-AS2 facilitates the maintenance of mesenchymal
glioblastoma stem-like cells in hypoxic niches, Cell Rep. 15 (11) (2016)
2500-2509.

F. Frasca, A. Rustighi, R. Malaguarnera, S. Altamura, P. Vigneri, G. Del Sal, et al.,
HMGAT1 inhibits the function of p53 family members in thyroid cancer cells,
Cancer Res. 66 (6) (2006) 2980-2989.

J. Pan, X. Li, W. Wu, M. Xue, H. Hou, W. Zhai, et al., Long non-coding RNA UCA1
promotes cisplatin/gemcitabine resistance through CREB modulating miR-196a-
5p in bladder cancer cells, Cancer Lett. 382 (1) (2016) 64-76.

Y. Fan, B. Shen, M. Tan, X. Mu, Y. Qin, F. Zhang, et al., Long non-coding RNA
UCAL increases chemoresistance of bladder cancer cells by regulating Wnt
signaling, FEBS J. 281 (7) (2014) 1750-1758.

F. Wang, J. Zhou, X. Xie, J. Hu, L. Chen, Q. Hu, et al., Involvement of SRPK1 in
cisplatin resistance related to long non-coding RNA UCA1 in human ovarian
cancer cells, Neoplasma 62 (3) (2015) 432-438.

Y. Wang, W. Chen, C. Yang, W. Wu, S. Wu, X. Qin, et al., Long non-coding RNA
UCA1a(CUDR) promotes proliferation and tumorigenesis of bladder cancer, Int. J.
Oncol. 41 (1) (2012) 276-284.

F. Huang, J. Tang, X. Zhuang, Y. Zhuang, W. Cheng, W. Chen, et al., MiR-196a
promotes pancreatic cancer progression by targeting nuclear factor kappa-B-
inhibitor alpha, PLoS One 9 (2) (2014) e87897.

H.L. Li, S.P. Xie, Y.L. Yang, Y.X. Cheng, Y. Zhang, J. Wang, et al., Clinical
significance of upregulation of mir-196a-5p in gastric cancer and enriched KEGG
pathway analysis of target genes, Asian Pac. J. Cancer Prev. APJCP 16 (5) (2015)
1781-1787.

J.H. Li, N. Luo, M.Z. Zhong, Z.Q. Xiao, J.X. Wang, X.Y. Yao, et al., Inhibition of
microRNA-196a might reverse cisplatin resistance of A549/DDP non-small-cell
lung cancer cell line, Tumour Biol 37 (2) (2016) 2387-2394.

A.M. Huang, Y.T. Kao, S. Toh, P.Y. Lin, C.H. Chou, H.T. Hu, et al., UBE2M-
mediated p27(Kip1) degradation in gemcitabine cytotoxicity, Biochem.
Pharmacol. 82 (1) (2011) 35-42.

A.M. Abukhdeir, B.H. Park, P21 and p27: roles in carcinogenesis and drug
resistance, Expet Rev. Mol. Med. 10 (2008) e19.

Y. Liu, D. Zhou, G. Li, X. Ming, Y. Tu, J. Tian, et al., Long non coding RNA-UCA1
contributes to cardiomyocyte apoptosis by suppression of p27 expression, Cell.
Physiol. Biochem. 35 (5) (2015) 1986-1998.

S.B. Bratton, G. Walker, S.M. Srinivasula, X.M. Sun, M. Butterworth, E.S. Alnemri,
et al., Recruitment, activation and retention of caspases-9 and -3 by Apaf-1
apoptosome and associated XIAP complexes, EMBO J. 20 (5) (2001) 998-1009.
Y. Hu, M.A. Benedict, L. Ding, G. Ntnez, Role of cytochrome ¢ and dATP/ATP
hydrolysis in Apaf-1-mediated caspase-9 activation and apoptosis, EMBO J. 18
(13) (1999) 3586-3595.

T.B. Hansen, T.I. Jensen, B.H. Clausen, J.B. Bramsen, B. Finsen, C.K. Damgaard, et
al., Natural RNA circles function as efficient microRNA sponges, Nature 495
(7441) (2013) 384-388.

T.B. Hansen, J. Kjems, C.K. Damgaard, Circular RNA and miR-7 in cancer, Cancer
Res. 73 (18) (2013) 5609-5612.

P. Li, X. Yang, W. Yuan, C. Yang, X. Zhang, J. Han, et al., CircRNA-Cdrlas exerts
anti-oncogenic functions in bladder cancer by sponging MicroRNA-135a, Cell.
Physiol. Biochem. 46 (4) (2018) 1606-1616.

W. Yuan, R. Zhou, J. Wang, J. Han, X. Yang, H. Yu, et al., Circular RNA Cdrlas
sensitizes bladder cancer to cisplatin by upregulating APAF1 expression through
miR-1270 inhibition, Mol. Oncol. 13 (7) (2019) 1559-1576.

M.A. Feitelson, A. Arzumanyan, R.J. Kulathinal, S.W. Blain, R.F. Holcombe,

J. Mahajna, et al., Sustained proliferation in cancer: mechanisms and novel
therapeutic targets, Semin. Cancer Biol. 35 (Suppl) (2015) S25-s54. Suppl.

579

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]
[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

Non-coding RNA Research 9 (2024) 560-582

R. Sever, J.S. Brugge, Signal transduction in cancer, Cold Spring Harb Perspect
Med 5 (4) (2015).

Q. Song, Q. An, B. Niu, X. Lu, N. Zhang, X. Cao, Role of miR-221/222 in tumor
development and the underlying mechanism, JAMA Oncol. 2019 (2019)
7252013.

L.P. Zeng, Z.M. Hu, K. Li, K. Xia, miR-222 attenuates cisplatin-induced cell death
by targeting the PPP2R2A/Akt/mTOR Axis in bladder cancer cells, J. Cell Mol.
Med. 20 (3) (2016) 559-567.

S. Shen, H. Yue, Y. Li, J. Qin, K. Li, Y. Liu, et al., Upregulation of miR-136 in
human non-small cell lung cancer cells promotes Erk1/2 activation by targeting
PPP2R2A, Tumour Biol 35 (1) (2014) 631-640.

Z. Zhao, A. Kurimchak, A.S. Nikonova, F. Feiser, J.S. Wasserman, H. Fowle, et al.,
PPP2R2A prostate cancer haploinsufficiency is associated with worse prognosis
and a high vulnerability to B550/PP2A reconstitution that triggers centrosome
destabilization, Oncogenesis 8 (12) (2019) 72.

N. Wlodarchak, Y. Xing, PP2A as a master regulator of the cell cycle, Crit. Rev.
Biochem. Mol. Biol. 51 (3) (2016) 162-184.

R. Dong, Y. Zheng, G. Chen, R. Zhao, Z. Zhou, S. Zheng, miR-222 overexpression
may contribute to liver fibrosis in biliary atresia by targeting PPP2R2A, J. Pediatr.
Gastroenterol. Nutr. 60 (1) (2015) 84-90.

Y. Zhang, T. Ma, S. Yang, M. Xia, J. Xu, H. An, et al., High-mobility group Al
proteins enhance the expression of the oncogenic miR-222 in lung cancer cells,
Mol. Cell. Biochem. 357 (1-2) (2011) 363-371.

Q.W. Wong, A.K. Ching, A.W. Chan, K.W. Choy, K.F. To, P.B. Lai, et al., MiR-222
overexpression confers cell migratory advantages in hepatocellular carcinoma
through enhancing AKT signaling, Clin. Cancer Res. 16 (3) (2010) 867-875.

C. Porta, C. Paglino, A. Mosca, Targeting PI3K/Akt/mTOR signaling in cancer,
Front. Oncol. 4 (2014) 64.

S. Li, X. Wei, J. He, Q. Cao, D. Du, X. Zhan, et al., The comprehensive landscape of
miR-34a in cancer research, Cancer Metastasis Rev. 40 (3) (2021) 925-948.

L. He, X. He, L.P. Lim, E. de Stanchina, Z. Xuan, Y. Liang, et al., A microRNA
component of the p53 tumour suppressor network, Nature 447 (7148) (2007)
1130-1134.

V. Tarasov, P. Jung, B. Verdoodt, D. Lodygin, A. Epanchintsev, A. Menssen, et al.,
Differential regulation of microRNAs by p53 revealed by massively parallel
sequencing: miR-34a is a p53 target that induces apoptosis and G1-arrest, Cell
Cycle 6 (13) (2007) 1586-1593.

H. Li, G. Yu, R. Shi, B. Lang, X. Chen, D. Xia, et al., Cisplatin-induced epigenetic
activation of miR-34a sensitizes bladder cancer cells to chemotherapy, Mol.
Cancer 13 (2014) 8.

D.C. Corney, C.I. Hwang, A. Matoso, M. Vogt, A. Flesken-Nikitin, A.K. Godwin, et
al., Frequent downregulation of miR-34 family in human ovarian cancers, Clin.
Cancer Res. 16 (4) (2010) 1119-1128.

M. Vogt, J. Munding, M. Griiner, S.T. Liffers, B. Verdoodt, J. Hauk, et al., Frequent
concomitant inactivation of miR-34a and miR-34b/c by CpG methylation in
colorectal, pancreatic, mammary, ovarian, urothelial, and renal cell carcinomas
and soft tissue sarcomas, Virchows Arch. 458 (3) (2011) 313-322.

Q.C. Li, H. Xu, X. Wang, T. Wang, J. Wu, miR-34a increases cisplatin sensitivity of
osteosarcoma cells in vitro through up-regulation of c-Myc and Bim signal, Cancer
Biomarkers 21 (1) (2017) 135-144.

X.J. Li, Z.J. Ren, J.H. Tang, MicroRNA-34a: a potential therapeutic target in
human cancer, Cell Death Dis. 5 (7) (2014) e1327.

H. Li, G. Yu, R. Shi, B. Lang, X. Chen, D. Xia, et al., Cisplatin-induced epigenetic
activation of miR-34a sensitizes bladder cancer cells to chemotherapy, Mol.
Cancer 13 (1) (2014) 8.

K.S. Chan, I. Espinosa, M. Chao, D. Wong, L. Ailles, M. Diehn, et al., Identification,
molecular characterization, clinical prognosis, and therapeutic targeting of
human bladder tumor-initiating cells, Proc. Natl. Acad. Sci. U. S. A. 106 (33)
(2009) 14016-14021.

Y.M. Yang, J.W. Chang, Bladder cancer initiating cells (BCICs) are among EMA-
CD44v6+ subset: novel methods for isolating undetermined cancer stem
(initiating) cells, Cancer Invest. 26 (7) (2008) 725-733.

Y. Niu, F. Ma, W. Huang, S. Fang, M. Li, T. Wei, et al., Long non-coding RNA
TUG]1 is involved in cell growth and chemoresistance of small cell lung cancer by
regulating LIMK2b via EZH2, Mol. Cancer 16 (1) (2017) 5.

G. Yu, H. Zhou, W. Yao, L. Meng, B. Lang, IncRNA TUG1 promotes cisplatin
resistance by regulating CCND2 via epigenetically silencing miR-194-5p in
bladder cancer, Mol. Ther. Nucleic Acids 16 (2019) 257-271.

M. Zhang, Q. Zhuang, L. Cui, MiR-194 inhibits cell proliferation and invasion via
repression of RAP2B in bladder cancer, Biomed. Pharmacother. 80 (2016)
268-275.

C.S. Hung, S.C. Wang, Y.T. Yen, T.H. Lee, W.C. Wen, R.K. Lin, Hypermethylation
of CCND2 in lung and breast cancer is a potential biomarker and drug target, Int.
J. Mol. Sci. 19 (10) (2018).

Y. Han, Y. Liu, Y. Gui, Z. Cai, Long intergenic non-coding RNA TUG1 is
overexpressed in urothelial carcinoma of the bladder, J. Surg. Oncol. 107 (5)
(2013) 555-559.

Q. Liu, H. Liu, H. Cheng, Y. Li, X. Li, C. Zhu, Downregulation of long noncoding
RNA TUGI inhibits proliferation and induces apoptosis through the TUG1/miR-
142/7EB2 axis in bladder cancer cells, OncoTargets Ther. 10 (2017) 2461-2471.
S. Gao, Y. Cai, H. Zhang, F. Hu, L. Hou, Q. Xu, Long noncoding RNA DLEU1
aggravates pancreatic ductal adenocarcinoma carcinogenesis via the miR-381/
CXCR4 axis, J. Cell. Physiol. 234 (5) (2019) 6746-6757.

L.L. Wang, K.X. Sun, D.D. Wu, Y.L. Xiu, X. Chen, S. Chen, et al., DLEU1
contributes to ovarian carcinoma tumourigenesis and development by interacting


http://refhub.elsevier.com/S2468-0540(24)00009-X/sref114
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref114
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref114
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref115
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref115
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref115
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref115
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref116
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref116
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref117
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref117
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref117
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref117
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref118
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref118
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref118
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref118
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref119
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref119
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref119
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref120
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref120
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref120
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref121
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref121
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref121
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref122
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref122
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref122
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref123
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref123
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref123
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref123
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref124
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref124
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref124
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref125
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref125
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref125
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref126
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref126
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref126
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref127
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref127
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref127
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref128
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref128
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref128
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref129
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref129
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref129
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref130
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref130
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref130
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref130
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref131
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref131
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref131
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref132
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref132
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref132
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref133
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref133
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref134
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref134
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref134
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref135
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref135
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref135
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref136
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref136
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref136
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref137
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref137
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref137
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref138
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref138
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref139
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref139
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref139
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref140
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref140
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref140
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref141
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref141
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref141
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref142
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref142
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref143
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref143
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref143
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref144
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref144
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref144
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref145
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref145
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref145
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref146
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref146
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref146
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref146
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref147
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref147
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref148
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref148
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref148
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref149
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref149
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref149
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref150
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref150
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref150
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref151
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref151
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref152
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref152
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref153
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref153
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref153
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref154
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref154
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref154
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref154
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref155
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref155
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref155
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref156
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref156
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref156
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref157
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref157
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref157
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref157
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref158
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref158
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref158
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref159
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref159
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref160
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref160
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref160
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref161
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref161
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref161
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref161
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref162
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref162
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref162
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref163
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref163
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref163
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref164
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref164
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref164
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref165
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref165
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref165
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref166
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref166
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref166
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref167
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref167
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref167
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref168
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref168
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref168
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref169
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref169
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref169
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref170
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref170

M. Hashem et al.

[171]

[172]

[173]

[174]

[175]

[176]
[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

[196]

[197]

with miR-490-3p and altering CDK1 expression, J. Cell Mol. Med. 21 (11) (2017)
3055-3065.

Y. Li, B. Shi, F. Dong, X. Zhu, B. Liu, Y. Liu, Long non-coding RNA DLEU1
promotes cell proliferation, invasion, and confers cisplatin resistance in bladder
cancer by regulating the miR-99b/HS3ST3B1 Axis, Front. Genet. 10 (2019) 280.
J. Ma, Y. Zhan, Z. Xu, Y. Li, A. Luo, F. Ding, et al., ZEB1 induced miR-99b/let-7e/
miR-125a cluster promotes invasion and metastasis in esophageal squamous cell
carcinoma, Cancer Lett. 398 (2017) 37-45.

H. Liang, H. Huang, Y. Li, Y. Lu, T. Ye, CircRNA_0058063 functions as a ceRNA in
bladder cancer progression via targeting miR-486-3p/FOXP4 axis, Biosci. Rep. 40
(3) (2020).

G. Liu, Z. Zhang, Q. Song, Y. Guo, P. Bao, H. Shui, Circ_0006528 contributes to
paclitaxel resistance of breast cancer cells by regulating miR-1299/CDK8 Axis,
OncoTargets Ther. 13 (2020) 9497-9511.

M. Sun, X. Liu, W. Zhao, B. Zhang, P. Deng, Circ_0058063 contributes to cisplatin-
resistance of bladder cancer cells by upregulating B2M through acting as RNA
sponges for miR-335-5p, BMC Cancer 22 (1) (2022) 313.

N.V. Krakhmal, M.V. Zavyalova, E.V. Denisov, S.V. Vtorushin, V.M. Perelmuter,
Cancer invasion: patterns and mechanisms, Acta Naturae 7 (2) (2015) 17-28.
D. Sliva, Signaling pathways responsible for cancer cell invasion as targets for
cancer therapy, Curr. Cancer Drug Targets 4 (4) (2004) 327-336.

Y. Lei, X. Hu, B. Li, M. Peng, S. Tong, X. Zu, et al., miR-150 modulates cisplatin
chemosensitivity and invasiveness of muscle-invasive bladder cancer cells via
targeting PDCD4 in vitro, Med. Sci. Mon. Int. Med. J. Exp. Clin. Res. 20 (2014)
1850-1857.

L. Zhou, X. Qi, J.A. Potashkin, F.W. Abdul-Karim, G.I. Gorodeski, MicroRNAs
miR-186 and miR-150 down-regulate expression of the pro-apoptotic purinergic
P2X7 receptor by activation of instability sites at the 3’-untranslated region of the
gene that decrease steady-state levels of the transcript, J. Biol. Chem. 283 (42)
(2008) 28274-28286.

Q. Wu, H. Jin, Z. Yang, G. Luo, Y. Lu, K. Li, et al., MiR-150 promotes gastric
cancer proliferation by negatively regulating the pro-apoptotic gene EGR2,
Biochem. Biophys. Res. Commun. 392 (3) (2010) 340-345.

N. Zhang, X. Wei, L. Xu, miR-150 promotes the proliferation of lung cancer cells
by targeting P53, FEBS Lett. 587 (15) (2013) 2346-2351.

M. Cao, D. Hou, H. Liang, F. Gong, Y. Wang, X. Yan, et al., miR-150 promotes the
proliferation and migration of lung cancer cells by targeting SRC kinase signalling
inhibitor 1, Eur. J. Cancer 50 (5) (2014) 1013-1024.

A. Watanabe, H. Tagawa, J. Yamashita, K. Teshima, M. Nara, K. Iwamoto, et al.,
The role of microRNA-150 as a tumor suppressor in malignant lymphoma,
Leukemia 25 (8) (2011) 1324-1334.

U. Liwak, L.E. Jordan, S.D. Von-Holt, P. Singh, J.E. Hanson, I.A. Lorimer, et al.,
Loss of PDCD4 contributes to enhanced chemoresistance in Glioblastoma
multiforme through de-repression of Bel-xL translation, Oncotarget 4 (9) (2013)
1365-1372.

P.P. Reis, M. Tomenson, N.K. Cervigne, J. Machado, I. Jurisica, M. Pintilie, et al.,
Programmed cell death 4 loss increases tumor cell invasion and is regulated by
miR-21 in oral squamous cell carcinoma, Mol. Cancer 9 (2010) 238.

N. Wei, S.S. Liu, K.K. Chan, H.Y. Ngan, Tumour suppressive function and
modulation of programmed cell death 4 (PDCD4) in ovarian cancer, PLoS One 7
(1) (2012) e30311.

Y. Ru, X.J. Chen, W.Z. Guo, S.G. Gao, Y.J. Qi, P. Chen, et al., NEAT1_2-SFPQ axis
mediates cisplatin resistance in liver cancer cells in vitro, OncoTargets Ther. 11
(2018) 5695-5702.

Y. Hu, Q. Yang, L. Wang, S. Wang, F. Sun, D. Xu, et al., Knockdown of the
oncogene IncRNA NEAT1 restores the availability of miR-34c and improves the
sensitivity to cisplatin in osteosarcoma, Biosci. Rep. 38 (3) (2018).

W. Zhao, W. Li, X. Jin, T. Niu, Y. Cao, P. Zhou, et al., Silencing long non-coding
RNA NEAT1 enhances the suppression of cell growth, invasion, and apoptosis of
bladder cancer cells under cisplatin chemotherapy, Int. J. Clin. Exp. Pathol. 12 (2)
(2019) 549-558.

X. Xie, G. He, Z.H. Siddik, Functional activation of mutant p53 by platinum
analogues in cisplatin-resistant cells is dependent on phosphorylation, Mol.
Cancer Res. 15 (3) (2017) 328-339.

S. Zong, T. Liu, F. Wan, P. Chen, P. Luo, H. Xiao, Endoplasmic reticulum stress is
involved in cochlear cell apoptosis in a cisplatin-induced ototoxicity rat model,
Audiol. Neurootol. 22 (3) (2017) 160-168.

X. Liu, M. Ma, X. Duan, H. Zhang, M. Yang, Knockdown of OCT4 may sensitize
NSCLC cells to cisplatin, Clin. Transl. Oncol. 19 (5) (2017) 587-592.

B. Waclaw, I. Bozic, M.E. Pittman, R.H. Hruban, B. Vogelstein, M.A. Nowak,

A spatial model predicts that dispersal and cell turnover limit intratumour
heterogeneity, Nature 525 (7568) (2015) 261-264.

J.A. Gallaher, J.S. Brown, A.R.A. Anderson, The impact of proliferation-migration
tradeoffs on phenotypic evolution in cancer, Sci. Rep. 9 (1) (2019) 2425.

N.U. Nair, A. Das, V.M. Rogkoti, M. Fokkelman, R. Marcotte, C.G. de Jong, et al.,
Migration rather than proliferation transcriptomic signatures are strongly
associated with breast cancer patient survival, Sci. Rep. 9 (1) (2019) 10989.

L. Trojan, F. Rensch, M. Voss, R. Grobholz, C. Weiss, D.G. Jackson, et al., The role
of the lymphatic system and its specific growth factor, vascular endothelial
growth factor C, for lymphogenic metastasis in prostate cancer, BJU Int. 98 (4)
(2006) 903-906.

Y. Cao, P. Linden, J. Farnebo, R. Cao, A. Eriksson, V. Kumar, et al., Vascular
endothelial growth factor C induces angiogenesis in vivo, Proc. Natl. Acad. Sci. U.
S. A. 95 (24) (1998) 14389-14394.

580

[198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

[206]

[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]
[217]
[218]

[219]

[220]

[221]

[222]
[223]

[224]

[225]

Non-coding RNA Research 9 (2024) 560-582

M. Jeltsch, A. Kaipainen, V. Joukov, X. Meng, M. Lakso, H. Rauvala, et al.,
Hyperplasia of lymphatic vessels in VEGF-C transgenic mice, Science 276 (5317)
(1997) 1423-1425.

J.M. Friedman, G. Liang, C.C. Liu, E.M. Wolff, Y.C. Tsai, W. Ye, et al., The putative
tumor suppressor microRNA-101 modulates the cancer epigenome by repressing
the polycomb group protein EZH2, Cancer Res. 69 (6) (2009) 2623-2629.

F. Kottakis, C. Polytarchou, P. Foltopoulou, I. Sanidas, S.C. Kampranis, P.

N. Tsichlis, FGF-2 regulates cell proliferation, migration, and angiogenesis
through an NDY1/KDM2B-miR-101-EZH2 pathway, Mol. Cell 43 (2) (2011)
285-298.

Z. Hu, Y. Lin, H. Chen, Y. Mao, J. Wu, Y. Zhu, et al., MicroRNA-101 suppresses
motility of bladder cancer cells by targeting c-Met, Biochem. Biophys. Res.
Commun. 435 (1) (2013) 82-87.

Y. Lei, B. Li, S. Tong, L. Qi, X. Hu, Y. Cui, et al., miR-101 suppresses vascular
endothelial growth factor C that inhibits migration and invasion and enhances
cisplatin chemosensitivity of bladder cancer cells, PLoS One 10 (2) (2015)
e0117809.

L.A. McPherson, A.V. Loktev, R.J. Weigel, Tumor suppressor activity of AP2alpha
mediated through a direct interaction with p53, J. Biol. Chem. 277 (47) (2002)
45028-45033.

D. Kotat, Z. Katuziriska, M. Orzechowska, A.K. Bednarek, E. Ptuciennik,
Functional genomics of AP-2a and AP-2y in cancers: in silico study, BMC Med.
Genom. 13 (1) (2020) 174.

V. Thewes, F. Orso, R. Jager, D. Eckert, S. Schéfer, G. Kirfel, et al., Interference
with activator protein-2 transcription factors leads to induction of apoptosis and
an increase in chemo- and radiation-sensitivity in breast cancer cells, BMC Cancer
10 (2010) 192.

C. Jin, Y. Luo, Z. Liang, X. Li, D. Kofat, L. Zhao, et al., Crucial role of the
transcription factors family activator protein 2 in cancer: current clue and views,
J. Transl. Med. 21 (1) (2023) 371.

I. Nordentoft, L. Dyrskjot, J.S. Bgdker, P.J. Wild, A. Hartmann, S. Bertz, et al.,
Increased expression of transcription factor TFAP2a correlates with
chemosensitivity in advanced bladder cancer, BMC Cancer 11 (2011) 135.

D.B. Douglas, Y. Akiyama, H. Carraway, S.A. Belinsky, M. Esteller, E. Gabrielson,
et al., Hypermethylation of a small CpGuanine-rich region correlates with loss of
activator protein-2alpha expression during progression of breast cancer, Cancer
Res. 64 (5) (2004) 1611-1620.

Y. Wu, Y. Xiao, X. Ding, Y. Zhuo, P. Ren, C. Zhou, et al., A miR-200b/200c/429-
binding site polymorphism in the 3’ untranslated region of the AP-2a gene is
associated with cisplatin resistance, PLoS One 6 (12) (2011) e29043.

J. Zhou, H. Duan, Y. Xie, Y. Ning, X. Zhang, N. Hui, et al., MiR-193a-5p targets the
coding region of AP-2a mRNA and induces cisplatin resistance in bladder cancers,
J. Cancer 7 (12) (2016) 1740-1746.

Z.Xu, Y.Q. Yu, Y.Z. Ge, J.G. Zhu, M. Zhu, Y.C. Zhao, et al., MicroRNA expression
profiles in muscle-invasive bladder cancer: identification of a four-microRNA
signature associated with patient survival, Tumour Biol 36 (10) (2015)
8159-8166.

N. Jonckheere, V. Fauquette, L. Stechly, N. Saint-Laurent, S. Aubert, C. Susini, et
al., Tumour growth and resistance to gemcitabine of pancreatic cancer cells are
decreased by AP-2alpha overexpression, Br. J. Cancer 101 (4) (2009) 637-644.
N. Wajapeyee, C.G. Raut, K. Somasundaram, Activator protein 2alpha status
determines the chemosensitivity of cancer cells: implications in cancer
chemotherapy, Cancer Res. 65 (19) (2005) 8628-8634.

H. Xie, X. Liao, Z. Chen, Y. Fang, A. He, Y. Zhong, et al., LncRNA MALAT1 inhibits
apoptosis and promotes invasion by antagonizing miR-125b in bladder cancer
cells, J. Cancer 8 (18) (2017) 3803-3811.

P. Liu, X. Li, Y. Cui, J. Chen, C. Li, Q. Li, et al., LncRNA-MALAT1 mediates
cisplatin resistance via miR-101-3p/VEGF-C pathway in bladder cancer, Acta
Biochim. Biophys. Sin. 51 (11) (2019) 1148-1157.

G. Arun, D. Aggarwal, D.L. Spector, MALAT1 long non-coding RNA: functional
implications, Noncoding RNA 6 (2) (2020).

F.A. Karreth, P.P. Pandolfi, ceRNA cross-talk in cancer: when ce-bling rivalries go
awry, Cancer Discov. 3 (10) (2013) 1113-1121.

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

Q. Liu, W. Cui, C. Yang, L.P. Du, Circular RNA ZNF609 drives tumor progression
by regulating the miR-138-5p/SIRT7 axis in melanoma, Aging (Albany NY) 13
(15) (2021) 19822-19834.

Z. Zhang, X. Yu, B. Zhou, J. Zhang, J. Chang, Circular RNA circ_0026359
enhances cisplatin resistance in gastric cancer via targeting miR-1200/POLD4
pathway, BioMed Res. Int. 2020 (2020) 5103272.

B. Pan, M. Zhao, N. Wang, L. Xu, T. Wu, Z. Li, LncRNA RGMB-AS1 promotes
glioma growth and invasion through miR-1200/HOXB2 Axis, OncoTargets Ther.
12 (2019) 10107-10114.

R. Boutros, V. Lobjois, B. Ducommun, CDC25 phosphatases in cancer cells: key
players? Good targets? Nat. Rev. Cancer 7 (7) (2007) 495-507.

M.A. Shah, G.K. Schwartz, Cell cycle-mediated drug resistance: an emerging
concept in cancer therapy, Clin. Cancer Res. 7 (8) (2001) 2168-2181.

D. Feng, J. Lv, K. Li, Q. Cao, J. Han, H. Yu, et al., CircZNF609 promotes bladder
cancer progression and inhibits cisplatin sensitivity via miR-1200/CDC25B
pathway, Cell Biol. Toxicol. 39 (5) (2022) 1-8.

S. Ghavami, M. Zamani, M. Ahmadi, M. Erfani, S. Dastghaib, M. Darbandi, et al.,
Epigenetic regulation of autophagy in gastrointestinal cancers, Biochim. Biophys.
Acta, Mol. Basis Dis. 1868 (11) (2022) 166512.


http://refhub.elsevier.com/S2468-0540(24)00009-X/sref170
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref170
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref171
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref171
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref171
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref172
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref172
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref172
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref173
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref173
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref173
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref174
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref174
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref174
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref175
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref175
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref175
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref176
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref176
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref177
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref177
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref178
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref178
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref178
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref178
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref179
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref179
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref179
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref179
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref179
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref180
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref180
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref180
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref181
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref181
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref182
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref182
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref182
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref183
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref183
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref183
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref184
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref184
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref184
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref184
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref185
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref185
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref185
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref186
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref186
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref186
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref187
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref187
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref187
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref188
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref188
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref188
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref189
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref189
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref189
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref189
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref190
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref190
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref190
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref191
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref191
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref191
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref192
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref192
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref193
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref193
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref193
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref194
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref194
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref195
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref195
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref195
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref196
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref196
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref196
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref196
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref197
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref197
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref197
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref198
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref198
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref198
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref199
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref199
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref199
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref200
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref200
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref200
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref200
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref201
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref201
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref201
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref202
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref202
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref202
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref202
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref203
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref203
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref203
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref204
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref204
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref204
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref205
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref205
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref205
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref205
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref206
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref206
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref206
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref207
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref207
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref207
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref208
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref208
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref208
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref208
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref209
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref209
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref209
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref210
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref210
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref210
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref211
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref211
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref211
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref211
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref212
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref212
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref212
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref213
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref213
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref213
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref214
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref214
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref214
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref215
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref215
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref215
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref216
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref216
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref217
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref217
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref218
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref218
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref219
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref219
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref219
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref220
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref220
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref220
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref221
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref221
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref221
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref222
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref222
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref223
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref223
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref224
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref224
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref224
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref225
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref225
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref225

M. Hashem et al.

[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

[234]

[235]

[236]

[237]

[238]

[239]

[240]

[241]

[242]
[243]
[244]
[245]
[246]

[247]

[248]
[249]
[250]

[251]

[252]

[253]

[254]

[255]

[256]

[257]

S. Ghavami, M. Zamani, M. Ahmadi, M. Erfani, S. Dastghaib, M. Darbandi, et al.,
Epigenetic regulation of autophagy in gastrointestinal cancers, Biochim. Biophys.
Acta (BBA) - Mol. Basis Dis. (2022) 166512.

H. Behrouj, O. Vakili, A. Sadeghdoust, N. Aligolighasemabadi, P. Khalili,

M. Zamani, et al., Epigenetic regulation of autophagy in coronavirus disease 2019
(COVID-19), Biochem Biophys Rep 30 (2022) 101264.

Yanchuan Pu, Jin Wang, Role of autophagy in drug resistance and regulation of
osteosarcoma, Mol. Clin. Oncol. 16 (3) (2022) 1-6.

M. Ashrafizadeh, A. Zarrabi, S. Orouei, H. Kiavash, A. Hakimi, Z. Amirhossein, et
al., MicroRNA-mediated autophagy regulation in cancer therapy: the role in
chemoresistance/chemosensitivity, Eur. J. Pharmacol. 892 (2021) 173660.

J. Zhu, Y. Li, Y. Luo, J. Xu, H. Liufu, Z. Tian, et al., A feedback loop formed by
ATG7/autophagy, FOXO3a/miR-145 and PD-L1 regulates stem-like properties
and invasion in human bladder cancer, Cancers 11 (3) (2019).

J. Zhu, Z. Tian, Y. Li, X. Hua, D. Zhang, J. Li, et al., ATG7 promotes bladder cancer
invasion via autophagy-mediated increased ARHGDIB mRNA stability, Adv. Sci. 6
(8) (2019) 1801927.

C. Wang, Z. Tang, Z. Zhang, T. Liu, J. Zhang, H. Huang, et al., MiR-7-5p
suppresses invasion via downregulation of the autophagy-related gene ATG7 and
increases chemoresistance to cisplatin in BCa, Bioengineered 13 (3) (2022)
7328-7339.

C.W. Yun, J. Jeon, G. Go, J.H. Lee, S.H. Lee, The dual role of autophagy in cancer
development and a therapeutic strategy for cancer by targeting autophagy, Int. J.
Mol. Sci. 22 (1) (2020).

J. Zhu, G. Huang, X. Hua, Y. Li, H. Yan, X. Che, et al., CD44s is a crucial ATG7
downstream regulator for stem-like property, invasion, and lung metastasis of
human bladder cancer (BC) cells, Oncogene 38 (17) (2019) 3301-3315.

J. Zhu, Y. Li, Z. Tian, X. Hua, J. Gu, J. Li, et al., ATG7 overexpression is crucial for
tumorigenic growth of bladder cancer in vitro and in vivo by targeting the ETS2/
miRNA196b/FOXO01/p27 Axis, Mol. Ther. Nucleic Acids 7 (2017) 299-313.

W. Sun, J. Li, L. Zhou, J. Han, R. Liu, H. Zhang, et al., The c-Myc/miR-27b-3p/
ATG10 regulatory axis regulates chemoresistance in colorectal cancer,
Theranostics 10 (5) (2020) 1981-1996.

Q. Meng, C. Liang, J. Hua, B. Zhang, J. Liu, Y. Zhang, et al., A miR-146a-5p/
TRAF6/NF-kB p65 axis regulates pancreatic cancer chemoresistance: functional
validation and clinical significance, Theranostics 10 (9) (2020) 3967-3979.

T.A. Gonda, S. Tu, T.C. Wang, Chronic inflammation, the tumor
microenvironment and carcinogenesis, Cell Cycle 8 (13) (2009) 2005-2013.

Y. Wu, S. Antony, J.L. Meitzler, J.H. Doroshow, Molecular mechanisms
underlying chronic inflammation-associated cancers, Cancer Lett. 345 (2) (2014)
164-173.

A. Ekbom, C. Helmick, M. Zack, H.O. Adami, Ulcerative colitis and colorectal
cancer. A population-based study, N. Engl. J. Med. 323 (18) (1990) 1228-1233.
C.D. Gillen, R.S. Walmsley, P. Prior, H.A. Andrews, R.N. Allan, Ulcerative colitis
and Crohn’s disease: a comparison of the colorectal cancer risk in extensive
colitis, Gut 35 (11) (1994) 1590-1592.

A. Ekbom, J.K. McLaughlin, O. Nyrén, Pancreatitis and the risk of pancreatic
cancer, N. Engl. J. Med. 329 (20) (1993) 1502-1503.

A. Mantovani, P. Allavena, A. Sica, F. Balkwill, Cancer-related inflammation,
Nature 454 (7203) (2008) 436-444.

S.U. Venakteshaiah, K.H. Kumar, Inflammation and cancer, Endocr., Metab.
Immune Disord.: Drug Targets 21 (2) (2021) 193-194.

F.R. Greten, S.I. Grivennikov, Inflammation and cancer: triggers, mechanisms,
and consequences, Immunity 51 (1) (2019) 27-41.

H. Sies, Oxidative stress: a concept in redox biology and medicine, Redox Biol. 4
(2015) 180-183.

C.R. Reczek, K. Birsoy, H. Kong, 1. Martinez-Reyes, T. Wang, P. Gao, et al.,

A CRISPR screen identifies a pathway required for paraquat-induced cell death,
Nat. Chem. Biol. 13 (12) (2017) 1274-1279.

M. Dodson, R. Castro-Portuguez, D.D. Zhang, NRF2 plays a critical role in
mitigating lipid peroxidation and ferroptosis, Redox Biol. 23 (2019) 101107.
J.D. Hayes, A.T. Dinkova-Kostova, K.D. Tew, Oxidative stress in cancer, Cancer
Cell 38 (2) (2020) 167-197.

X. Chen, MiR-101 acts as a novel bio-marker in the diagnosis of bladder
carcinoma, Medicine (Baltim.) 98 (26) (2019) e16051.

S. Huang, Z. Yang, Y. Ma, Y. Yang, S. Wang, miR-101 enhances cisplatin-induced
DNA damage through decreasing nicotinamide adenine dinucleotide phosphate
levels by directly repressing Tp53-induced glycolysis and apoptosis regulator
expression in prostate cancer cells, DNA Cell Biol. 36 (4) (2017) 303-310.

J.G. Zhang, J.F. Guo, D.L. Liu, Q. Liu, J.J. Wang, MicroRNA-101 exerts tumor-
suppressive functions in non-small cell lung cancer through directly targeting
enhancer of zeste homolog 2, J. Thorac. Oncol. 6 (4) (2011) 671-678.

Q. By, Y. Fang, Y. Cao, Q. Chen, Y. Liu, Enforced expression of miR-101 enhances
cisplatin sensitivity in human bladder cancer cells by modulating the
cyclooxygenase-2 pathway, Mol. Med. Rep. 10 (4) (2014) 2203-2209.

R.M. Drayton, E. Dudziec, S. Peter, S. Bertz, A. Hartmann, H.E. Bryant, et al.,
Reduced expression of miRNA-27a modulates cisplatin resistance in bladder
cancer by targeting the cystine/glutamate exchanger SLC7A11, Clin. Cancer Res.
20 (7) (2014) 1990-2000.

A. Pastore, G. Federici, E. Bertini, F. Piemonte, Analysis of glutathione:
implication in redox and detoxification, Clin. Chim. Acta 333 (1) (2003) 19-39.
H.H. Chen, M.T. Kuo, Role of glutathione in the regulation of Cisplatin resistance
in cancer chemotherapy, Met Based Drugs 2010 (2010).

R. Li, Y. Wang, X. Zhang, M. Feng, J. Ma, J. Li, et al., Exosome-mediated secretion
of LOXL4 promotes hepatocellular carcinoma cell invasion and metastasis, Mol.
Cancer 18 (1) (2019) 18.

581

[258]

[259]

[260]

[261]

[262]

[263]

[264]

[265]

[266]

[267]

[268]

[269]

[270]

[271]

[272]

[273]

[274]

[275]

[276]

[277]

[278]

[279]
[280]

[281]

[282]

[283]

[284]

[285]

[286]

Non-coding RNA Research 9 (2024) 560-582

M. Wuest, M. Kuchar, S.K. Sharma, S. Richter, I. Hamann, M. Wang, et al.,
Targeting lysyl oxidase for molecular imaging in breast cancer, Breast Cancer Res.
17 (1) (2015) 107.

O.M. Altuntas, N. Siislii, Y.G. Giiler Tezel, H. Tatli Dogan, T. Yilmaz, Lysyl
Oxidase Like-4 (LOXL4) as a tumor marker and prognosticator in advanced stage
laryngeal cancer, Braz J Otorhinolaryngol 88 (6) (2022) 968-974.

J.B. Weise, P. Rudolph, A. Heiser, M.L. Kruse, J. Hedderich, C. Cordes, et al.,
LOXL4 is a selectively expressed candidate diagnostic antigen in head and neck
cancer, Eur. J. Cancer 44 (9) (2008) 1323-1331.

G. Wu, Z. Guo, X. Chang, M.S. Kim, J.K. Nagpal, J. Liu, et al., LOXL1 and LOXL4
are epigenetically silenced and can inhibit ras/extracellular signal-regulated
kinase signaling pathway in human bladder cancer, Cancer Res. 67 (9) (2007)
4123-4129.

H. Deng, L. Lv, Y. Li, C. Zhang, F. Meng, Y. Pu, et al., miR-193a-3p regulates the
multi-drug resistance of bladder cancer by targeting the LOXL4 gene and the
oxidative stress pathway, Mol. Cancer 13 (2014) 234.

M.C. Jaramillo, D.D. Zhang, The emerging role of the Nrf2-Keap1 signaling
pathway in cancer, Genes Dev. 27 (20) (2013) 2179-2191.

H.O. Abou-Hany, H. Atef, E. Said, H.A. Elkashef, H.A. Salem, Crocin mediated
amelioration of oxidative burden and inflammatory cascade suppresses diabetic
nephropathy progression in diabetic rats, Chem. Biol. Interact. 284 (2018)
90-100.

R.L. Vinall, A.Z. Ripoll, S. Wang, C.X. Pan, R.W. deVere White, MiR-34a
chemosensitizes bladder cancer cells to cisplatin treatment regardless of p53-Rb
pathway status, Int. J. Cancer 130 (11) (2012) 2526-2538.

M. Yu, T. Ozaki, D. Sun, H. Xing, B. Wei, J. An, et al., HIF-1a-dependent miR-424
induction confers cisplatin resistance on bladder cancer cells through down-
regulation of pro-apoptotic UNC5B and SIRT4, J. Exp. Clin. Cancer Res. 39 (2020)
1-13.

X. Chen, M. Liu, F. Meng, B. Sun, X. Jin, C. Jia, The long noncoding RNA HIF1A-
AS2 facilitates cisplatin resistance in bladder cancer, J. Cell. Biochem. 120 (1)
(2019) 243-252.

J. Pan, X. Li, W. Wu, M. Xue, H. Hou, W. Zhai, et al., Long non-coding RNA UCA1
promotes cisplatin/gemcitabine resistance through CREB modulating miR-196a-
5p in bladder cancer cells, Cancer Lett. 382 (1) (2016) 64-76.

Y. Fan, B. Shen, M. Tan, X. Mu, Y. Qin, F. Zhang, et al., Long non-coding RNA UCA
1 increases chemoresistance of bladder cancer cells by regulating Wnt signaling,
FEBS J. 281 (7) (2014) 1750-1758.

B. Chi, D. Zhao, L. Liu, X. Yin, F. Wang, S. Bi, et al., Downregulation of hsa_circ_
0000285 serves as a prognostic biomarker for bladder cancer and is involved in
cisplatin resistance, Neoplasma 66 (2) (2019).

W.T. Wang, C. Han, Y.M. Sun, T.Q. Chen, Y.Q. Chen, Noncoding RNAs in cancer
therapy resistance and targeted drug development, J. Hematol. Oncol. 12 (1)
(2019) 55.

Y. Mei, J. Zheng, P. Xiang, C. Liu, Y. Fan, Prognostic value of the miR-200 family
in bladder cancer: a systematic review and meta-analysis, Medicine (Baltim.) 99
(47) (2020) e22891.

G.B. Lin, C.M. Zhang, X.Y. Chen, JJW. Wang, S. Chen, S.Y. Tang, et al.,
Identification of circulating miRNAs as novel prognostic biomarkers for bladder
cancer, Math. Biosci. Eng. 17 (1) (2019) 834-844.

A. Homami, F. Ghazi, MicroRNAs as biomarkers associated with bladder cancer,
Med. J. Islam. Repub. Iran 30 (2016) 475.

W. Usuba, F. Urabe, Y. Yamamoto, J. Matsuzaki, H. Sasaki, M. Ichikawa, et al.,
Circulating miRNA panels for specific and early detection in bladder cancer,
Cancer Sci. 110 (1) (2019) 408-419.

X. Li, W. Chen, R. Li, X. Chen, G. Huang, C. Lu, et al., Bladder cancer diagnosis
with a four-miRNA panel in serum, Future Oncol. 18 (29) (2022) 3311-3322.
J. Lian, S.H. Lin, Y. Ye, D.W. Chang, M. Huang, C.P. Dinney, et al., Serum
microRNAs as predictors of risk for non-muscle invasive bladder cancer,
Oncotarget 9 (19) (2018) 14895-14908.

Y. Xie, X. Ma, L. Chen, H. Li, L. Gu, Y. Gao, et al., MicroRNAs with prognostic
significance in bladder cancer: a systematic review and meta-analysis, Sci. Rep. 7
(1) (2017) 5619.

H.J. Li, X. Gong, Z.K. Li, W. Qin, C.X. He, L. Xing, et al., Role of long non-coding
RNAs on bladder cancer, Front. Cell Dev. Biol. 9 (2021) 672679.

H. Yu, P. Duan, H. Zhu, D. Rao, miR-613 inhibits bladder cancer proliferation and
migration through targeting SphK1, Am J Transl Res 9 (3) (2017) 1213-1221.
L. Lebrun, D. Milowich, M. Le Mercier, J. Allard, Y.R. Van Eycke, T. Roumeguere,
et al., UCA1 overexpression is associated with less aggressive subtypes of bladder
cancer, Oncol. Rep. 40 (5) (2018) 2497-2506.

M. Avgeris, A. Tsilimantou, P.K. Levis, T. Rampias, M.A. Papadimitriou,

K. Panoutsopoulou, et al., Unraveling UCA1 IncRNA prognostic utility in
urothelial bladder cancer, Carcinogenesis 40 (8) (2019) 965-974.

W. Wang, Z. Yin, Diagnostic value of long non-coding RNA H19, UCA1, and
HOTAIR as promising biomarkers in human bladder cancer, Int. J. Clin. Exp.
Pathol. 10 (12) (2017) 11659-11665.

Z. Li, D. Yu, H. Li, Y. Lv, S. Li, Long non-coding RNA UCA1 confers tamoxifen
resistance in breast cancer endocrinotherapy through regulation of the EZH2/p21
axis and the PISK/AKT signaling pathway, Int. J. Oncol. 54 (3) (2019)
1033-1042.

C. Berrondo, J. Flax, V. Kucherov, A. Siebert, T. Osinski, A. Rosenberg, et al.,
Expression of the long non-coding RNA HOTAIR correlates with disease
progression in bladder cancer and is contained in bladder cancer patient urinary
exosomes, PLoS One 11 (1) (2016) e0147236.

J. Heubach, J. Monsior, R. Deenen, G. Niegisch, T. Szarvas, C. Niedworok, et al.,
The long noncoding RNA HOTAIR has tissue and cell type-dependent effects on


http://refhub.elsevier.com/S2468-0540(24)00009-X/sref226
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref226
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref226
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref227
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref227
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref227
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref228
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref228
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref229
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref229
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref229
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref230
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref230
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref230
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref231
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref231
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref231
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref232
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref232
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref232
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref232
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref233
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref233
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref233
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref234
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref234
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref234
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref235
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref235
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref235
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref236
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref236
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref236
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref237
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref237
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref237
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref238
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref238
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref239
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref239
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref239
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref240
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref240
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref241
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref241
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref241
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref242
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref242
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref243
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref243
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref244
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref244
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref245
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref245
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref246
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref246
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref247
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref247
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref247
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref248
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref248
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref249
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref249
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref250
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref250
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref251
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref251
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref251
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref251
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref252
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref252
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref252
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref253
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref253
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref253
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref254
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref254
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref254
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref254
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref255
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref255
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref256
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref256
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref257
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref257
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref257
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref258
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref258
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref258
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref259
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref259
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref259
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref260
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref260
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref260
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref261
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref261
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref261
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref261
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref262
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref262
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref262
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref263
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref263
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref264
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref264
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref264
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref264
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref265
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref265
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref265
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref266
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref266
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref266
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref266
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref267
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref267
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref267
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref268
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref268
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref268
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref269
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref269
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref269
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref270
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref270
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref270
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref271
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref271
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref271
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref272
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref272
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref272
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref273
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref273
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref273
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref274
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref274
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref275
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref275
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref275
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref276
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref276
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref277
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref277
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref277
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref278
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref278
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref278
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref279
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref279
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref280
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref280
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref281
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref281
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref281
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref282
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref282
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref282
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref283
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref283
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref283
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref284
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref284
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref284
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref284
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref285
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref285
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref285
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref285
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref286
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref286

M. Hashem et al.

[287]

[288]

[289]

[290]

[291]

[292]

[293]

[294]

[295]

[296]

[297]

[298]

[299]

[300]

[301]

[302]

HOX gene expression and phenotype of urothelial cancer cells, Mol. Cancer 14
(2015) 108.

Q. Cao, N. Wang, J. Qi, Z. Gu, H. Shen, Long non-coding RNA-GASS5 acts as a
tumor suppressor in bladder transitional cell carcinoma via regulation of
chemokine (C-C motif) ligand 1 expression, Mol. Med. Rep. 13 (1) (2016) 27-34.
N. Amodio, L. Raimondi, G. Juli, M.A. Stamato, D. Caracciolo, P. Tagliaferri, et
al.,, MALAT1: a druggable long non-coding RNA for targeted anti-cancer
approaches, J. Hematol. Oncol. 11 (1) (2018) 63.

W. Duan, L. Du, X. Jiang, R. Wang, S. Yan, Y. Xie, et al., Identification of a serum
circulating IncRNA panel for the diagnosis and recurrence prediction of bladder
cancer, Oncotarget 7 (48) (2016) 78850-78858.

M. Chen, C. Zhuang, Y. Liu, J. Li, F. Dai, M. Xia, et al., Tetracycline-inducible
shRNA targeting antisense long non-coding RNA HIF1A-AS2 represses the
malignant phenotypes of bladder cancer, Cancer Lett. 376 (1) (2016) 155-164.
J. Li, C. Zhuang, Y. Liu, M. Chen, Q. Zhou, Z. Chen, et al., shRNA targeting long
non-coding RNA CCAT2 controlled by tetracycline-inducible system inhibits
progression of bladder cancer cells, Oncotarget 7 (20) (2016) 28989-28997.

C. Zhuang, J. Li, Y. Liu, M. Chen, J. Yuan, X. Fu, et al., Tetracycline-inducible
shRNA targeting long non-coding RNA PVT1 inhibits cell growth and induces
apoptosis in bladder cancer cells, Oncotarget 6 (38) (2015) 41194-41203.

Y. Zhan, J. Lin, Y. Liu, M. Chen, X. Chen, C. Zhuang, et al., Up-regulation of long
non-coding RNA PANDAR is associated with poor prognosis and promotes
tumorigenesis in bladder cancer, J. Exp. Clin. Cancer Res. 35 (1) (2016) 83.
L.J. Li, J.L. Zhu, W.S. Bao, D.K. Chen, W.W. Huang, Z.L. Weng, Long noncoding
RNA GHET1 promotes the development of bladder cancer, Int. J. Clin. Exp.
Pathol. 7 (10) (2014) 7196-7205.

T. Chen, W. Xie, L. Xie, Y. Sun, Y. Zhang, Z. Shen, et al., Expression of long
noncoding RNA IncRNA-n336928 is correlated with tumor stage and grade and
overall survival in bladder cancer, Biochem. Biophys. Res. Commun. 468 (4)
(2015) 666-670.

R. Iliev, R. Kleinova, J. Juracek, J. Dolezel, Z. Ozanova, M. Fedorko, et al.,
Overexpression of long non-coding RNA TUG1 predicts poor prognosis and
promotes cancer cell proliferation and migration in high-grade muscle-invasive
bladder cancer, Tumour Biol 37 (10) (2016) 13385-13390.

A. He, Z. Chen, H. Mei, Y. Liu, Decreased expression of LncRNA MIR31HG in
human bladder cancer, Cancer Biomarkers 17 (2) (2016) 231-236.

A. He, Y. Liu, Z. Chen, J. Li, M. Chen, L. Liu, et al., Over-expression of long
noncoding RNA BANCR inhibits malignant phenotypes of human bladder cancer,
J. Exp. Clin. Cancer Res. 35 (1) (2016) 125.

Z. Chen, Y. Liu, A. He, J. Li, M. Chen, Y. Zhan, et al., Theophylline controllable
RNAi-based genetic switches regulate expression of IncRNA TINCR and malignant
phenotypes in bladder cancer cells, Sci. Rep. 6 (2016) 30798.

M. Taheri, M.D. Omrani, S. Ghafouri-Fard, Long non-coding RNA expression in
bladder cancer, Biophys Rev 10 (4) (2018) 1205-1213.

B.J. Chi, D.M. Zhao, L. Liu, X.Z. Yin, F.F. Wang, S. Bi, et al., Downregulation of
hsa_circ_0000285 serves as a prognostic biomarker for bladder cancer and is
involved in cisplatin resistance, Neoplasma 66 (2) (2019) 197-202.

F. Cheng, B. Zheng, S. Si, J. Wang, G. Zhao, Z. Yao, et al., The roles of CircRNAs in
bladder cancer: biomarkers, tumorigenesis drivers, and therapeutic targets, Front.
Cell Dev. Biol. 9 (2021) 666863.

582

[303]

[304]

[305]

[306]

[307]

[308]

[309]

[310]

[311]

[312]

[313]

[314]

[315]

[316]

[317]

[318]

[319]

[320]

Non-coding RNA Research 9 (2024) 560-582

F. Sanchez-Vega, M. Mina, J. Armenia, W.K. Chatila, A. Luna, K.C. La, et al.,
Oncogenic signaling pathways in the cancer genome Atlas, Cell 173 (2) (2018),
321-37.e10.

S. Maeda, H. Tomiyasu, M. Tsuboi, A. Inoue, G. Ishihara, T. Uchikai, et al.,
Comprehensive gene expression analysis of canine invasive urothelial bladder
carcinoma by RNA-Seq, BMC Cancer 18 (1) (2018) 472.

G. Arun, S.D. Diermeier, D.L. Spector, Therapeutic targeting of long non-coding
RNAs in cancer, Trends Mol. Med. 24 (3) (2018) 257-277.

H. Ling, M. Fabbri, G.A. Calin, MicroRNAs and other non-coding RNAs as targets
for anticancer drug development, Nat. Rev. Drug Discov. 12 (11) (2013) 847-865.
R. Kole, A.R. Krainer, S. Altman, RNA therapeutics: beyond RNA interference and
antisense oligonucleotides, Nat. Rev. Drug Discov. 11 (2) (2012) 125-140.

S.W. Young, M. Stenzel, J.L. Yang, Nanoparticle-siRNA: a potential cancer
therapy? Crit. Rev. Oncol. Hematol. 98 (2016) 159-169.

J.M. Lee, T.J. Yoon, Y.S. Cho, Recent developments in nanoparticle-based siRNA
delivery for cancer therapy, BioMed Res. Int. 2013 (2013) 782041.

V. Tripathi, Z. Shen, A. Chakraborty, S. Giri, S.M. Freier, X. Wu, et al., Long
noncoding RNA MALAT1 controls cell cycle progression by regulating the
expression of oncogenic transcription factor B-MYB, PLoS Genet. 9 (3) (2013)
€1003368.

G. Arun, S. Diermeier, M. Akerman, K.C. Chang, J.E. Wilkinson, S. Hearn, et al.,
Differentiation of mammary tumors and reduction in metastasis upon Malat1l
IncRNA loss, Genes Dev. 30 (1) (2016) 34-51.

A. Mizrahi, A. Czerniak, T. Levy, S. Amiur, J. Gallula, I. Matouk, et al.,
Development of targeted therapy for ovarian cancer mediated by a plasmid
expressing diphtheria toxin under the control of H19 regulatory sequences,

J. Transl. Med. 7 (2009) 69.

D. Amit, A. Hochberg, Development of targeted therapy for bladder cancer
mediated by a double promoter plasmid expressing diphtheria toxin under the
control of H19 and IGF2-P4 regulatory sequences, J. Transl. Med. 8 (2010) 134.
O. Lavie, D. Edelman, T. Levy, A. Fishman, A. Hubert, Y. Segev, et al., A phase 1/
2a, dose-escalation, safety, pharmacokinetic, and preliminary efficacy study of
intraperitoneal administration of BC-819 (H19-DTA) in subjects with recurrent
ovarian/peritoneal cancer, Arch. Gynecol. Obstet. 295 (3) (2017) 751-761.
A.A. Sidi, P. Ohana, S. Benjamin, M. Shalev, J.H. Ransom, D. Lamm, et al., Phase
1/11 marker lesion study of intravesical BC-819 DNA plasmid in H19 over
expressing superficial bladder cancer refractory to bacillus Calmette-Guerin,

J. Urol. 180 (6) (2008) 2379-2383.

Y. Li, B. Shi, F. Dong, X. Zhu, B. Liu, Y. Liu, Long non-coding RNA DLEU1
promotes cell proliferation, invasion, and confers cisplatin resistance in bladder
cancer by regulating the miR-99b/HS3ST3B1 axis, Front. Genet. 10 (2019) 280.
D. Milowich, M. Le Mercier, N. De Neve, F. Sandras, T. Roumeguere,

C. Decaestecker, et al., Diagnostic value of the UCA1 test for bladder cancer
detection: a clinical study, SpringerPlus 4 (1) (2015) 1-6.

F.X. Real, N. Malats, Bladder cancer and apoptosis: matters of life and death,
Lancet Oncol. 8 (2) (2007) 91-92.

B. Ning, D. Yu, A.M. Yu, Advances and challenges in studying noncoding RNA
regulation of drug metabolism and development of RNA therapeutics, Biochem.
Pharmacol. 169 (2019) 113638.

P.Y. Ho, A.M. Yu, Bioengineering of noncoding RNAs for research agents and
therapeutics, Wiley Interdiscip Rev RNA 7 (2) (2016) 186-197.


http://refhub.elsevier.com/S2468-0540(24)00009-X/sref286
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref286
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref287
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref287
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref287
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref288
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref288
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref288
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref289
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref289
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref289
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref290
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref290
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref290
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref291
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref291
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref291
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref292
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref292
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref292
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref293
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref293
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref293
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref294
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref294
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref294
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref295
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref295
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref295
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref295
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref296
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref296
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref296
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref296
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref297
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref297
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref298
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref298
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref298
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref299
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref299
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref299
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref300
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref300
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref301
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref301
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref301
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref302
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref302
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref302
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref303
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref303
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref303
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref304
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref304
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref304
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref305
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref305
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref306
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref306
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref307
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref307
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref308
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref308
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref309
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref309
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref310
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref310
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref310
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref310
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref311
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref311
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref311
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref312
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref312
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref312
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref312
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref313
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref313
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref313
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref314
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref314
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref314
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref314
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref315
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref315
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref315
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref315
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref316
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref316
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref316
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref317
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref317
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref317
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref318
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref318
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref319
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref319
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref319
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref320
http://refhub.elsevier.com/S2468-0540(24)00009-X/sref320

	Non-coding RNA transcripts, incredible modulators of cisplatin chemo-resistance in bladder cancer through operating a broad ...
	1 Introduction
	2 A brief survey on bladder cancer and conventional therapies
	3 Chemo-resistance in bladder cancer; focusing on cisplatin resistance
	4 Non-coding RNAs, small molecules with big roles: recent advances and emerging trends
	4.1 MicroRNAs
	4.2 Long non-coding RNAs
	4.3 Circular RNAs

	5 Non-coding RNAs in regulation of cisplatin chemo-resistance during bladder cancer; where do these RNA transcripts stand a ...
	5.1 Apoptosis
	5.1.1 NcRNAs modulate apoptosis-related molecular mechanisms during BC cisplatin resistance

	5.2 Cell proliferation
	5.2.1 Non-coding RNAs are responsible for cell proliferation regulation during BC-related cisplatin resistance

	5.3 Invasion
	5.3.1 The interplay between ncRNAs and invasion in cisplatin resistance

	5.4 Migration
	5.4.1 NcRNAs are responsible for migration regulation in cisplatin-resistant bladder tumor cells

	5.5 Autophagy
	5.5.1 NcRNAs and autophagy are interconnected in cisplatin resistance during BC

	5.6 Inflammation and oxidative stress
	5.6.1 NcRNAs at the upstream of inflammation and oxidative stress in cisplatin-resistant BC cells


	6 Clinical applications of non-coding RNAs in bladder cancer theranostics
	6.1 NcRNAs for bladder cancer diagnosis and prognosis
	6.2 NcRNAs for bladder cancer therapy
	6.3 NcRNAs in overcoming the cisplatin resistance relative to bladder cancer: clinical evidence

	7 Conclusions and perspectives
	Funding
	Data availability
	Ethics approval and consent to participate
	Consent for publication
	CRediT authorship contribution statement
	Declaration of competing interest
	Key abbreviations
	References


