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Abstract: For more than two decades, the view of the roles of non-coding RNAs (ncRNAs) has
been radically changing. These RNA molecules that are transcribed from our genome do not have
the capacity to encode proteins, but are critical regulators of gene expression at different levels.
Our knowledge is constantly enriched by new reports revealing the role of these new molecular
players in the development of many pathological conditions, including cancer. One of the ncRNA
classes includes short RNA molecules called microRNAs (miRNAs), which are involved in the
post-transcriptional control of gene expression affecting various cellular processes. The aberrant
expression of miRNAs with oncogenic and tumor-suppressive function is associated with cancer
initiation, promotion, malignant transformation, progression and metastasis. Oncogenic miRNAs,
also known as oncomirs, mediate the downregulation of tumor-suppressor genes and their expression
is upregulated in cancer. Nowadays, miRNAs show promising application in diagnosis, prediction,
disease monitoring and therapy response. Our review presents a current view of the oncogenic role
of miR-1290 with emphasis on its properties as a cancer biomarker in clinical medicine.
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1. Introduction

Cancer incidence and mortality is growing rapidly worldwide. Important factors that
facilitate this phenomenon are aging, growth of the global population, and changes in
the prevalence and distribution of the main risk factors that are tightly associated with
social and economic development [1]. Statisticians predicted about 2 million new can-
cer cases (1,896,160) worldwide and approximately 600 thousand cancer deaths (608,570)
in the United States in 2021 [2]. The key concepts recognized as molecular and cellular
mechanisms underlying cancer development are: (1) the ability of cancer cells to sustain
proliferative signaling, (2) evading growth suppressors, (3) resisting cell death, (4) inducing
angiogenesis, (5) activating invasion and metastasis, (6) enabling replicative immortality,
(7) deregulating cellular energetics, (8) avoiding immune destruction, (9) genome instabil-
ity and mutations, and (10) tumor-promoting inflammation [3-5]. Moreover, Senga and
Grose, in their work published in 2021, proposed four novel hallmarks of cancer: dedif-
ferentiation and transdifferentiation, altered microbiome, altered neuronal signaling, and
epigenetic alterations that complete the characteristics of heterogenous pathologies such
as neoplastic diseases [6]. Each cell in a multicellular organism contains the same DNA;
however, epigenetic information regulates how our genome is read [7]. This means that
the combination of genes that are expressed or repressed determines cellular morphology
and functions [8]. Epigenetic changes including DNA methylation, histone acetylation
and methylation, post-translational modifications and non-coding RNAs contribute to
tumorigenesis regardless of the DNA sequence [9]. Non-coding RNAs related to epigenetic
regulation are: long-non-coding RNAs (IncRNAs), PIWI-interacting RNAs (piRNAs), small
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interfering RNAs (siRNAs), and microRNAs (miRNAs) that are directly involved in can-
cerogenesis or indirectly participate in this process by the regulation of other epigenetic
events [10].

2. Overview of miRNAs’ Biogenesis and Function

In the canonical biosynthesis pathway, most primary miRNAs transcripts (pri-miRNA)
are synthesized by polymerase Il in association with transcription factors and epigenetic
regulators from its own promoter or the promoter that is shared with a host gene [11].
Pri-miRNAs, which have a hairpin structure ranging in length from hundreds to thou-
sands of base pairs (bp), are processed in two steps by two endoribonucleases, Drosha
and Dicer [12]. In the nucleus, Drosha, along with its co-factor protein called DiGeorge
Syndrome Critical Region 8 (DGCRS), forms a microprocessor complex that processes
pri-miRNA to hairpin intermediates called precursor miRNA (pre-miRNA) with a length
of ~70 bp [13]. Pre-miRNA are exported to the cytoplasm by an exportin 5 XPO5 and GTP-
binding nuclear protein Ran-GTP, where they are processed by Dicer and double-stranded
RNA-binding protein by cutting the terminal loop, which generates ~22-nucleotide mature
duplexes [14]. The 5p strand of the pre-miRNA hairpin structure arises from the 5'-end
while the 3p strand is derived from 3’-end [15]. The silencing of gene expression is carried
out by the RNA-induced silencing complex (RISC), which is assembled through a few steps,
during which the miRNA duplex is loaded into one of the proteins from the Argonaute
family (AGO 1-4 in humans) with the aid of ATP, and Hsp70/Hsp90 machinery [16]. Next,
one of the strands of the duplex, known as the passenger strand, is generally degraded by
AGO'’s slice activity, but it depends on the cell type or cellular environment [14]. MiRNAs
target 3’ untranslated regions (UTRs) of even thousands of messenger RNAs (mRNAs),
but miRNAs are also able to interact with mRNA 5UTRs and coding sequences [14]. The
number of miRNA-binding sites within regulated target mRNAs influences the efficiency
of the regulation of gene expression, the same as the distance between miRNA-binding
sites, because if more target sites are present on one transcript, then the silencing efficiency
is higher, probably because of cooperative interactions between miRISCs that are in the near
neighborhood [17]. The degree of complementarity between miRNA seed region (position
2-8 of the mature miRNAs) and miRNA recognition elements (MRE) in the target mRNA
determine its fate, which leads to AGO2-dependent slicing or the inhibition of translation
and mRNA decay [18]. Fully complementary targets are cleaved by AGO2, but generally
in animals a partial complementarity between miRNA and mRNA dominates [19]. The
inhibition of translation occurs after the recruitment of RISC-bound miRNA to mRNA
by interfering with the eucaryotic initiation factor 4F complex (eIF4F) [19]. However, it
is possible to translationally reactivate mRNAs repressed by miRNAs. The repression of
translation triggers the deadenylation and degradation of target mRNA [20]. For this pur-
pose, trinucleotide repeat-containing 6 proteins (TNRC6A, -B, -C) are required as a partners
for AGO proteins and they are involved in miRNA-mRNA repression in mammalian cells,
inducing a two-phase deadenylation process that recruits PAN2-PAN3 and CCR4:NOT
complexes [17,21]. This process is followed by the removal of 5'-M”-guanosyl-diphosphate
of mRNAs catalyzed by decapping enzyme DCP2 and its cofactor DCP1A. Decapping
is also enhanced by stimulatory factors: EDC3, EDC4, Patlb and DEAD-box helicase
6 (DDX6) [22]. At the end, mRNAs are rapidly degraded by 5'-exonuclease XRN1 [23].

MiRNAs are recognized as a master regulators of gene expression that are implicated
in a wide range of physiological and pathological processes, including tumorigenesis [24].
Their aberrant expression in tumors reflects their functions, because overexpressed miRNAs
act as oncogenes that target tumor-suppressor genes (TSG), which promotes malignant
transformation [25]. On the other hand, miRNAs, which are tumor suppressors, are
downregulated in cancer cells and oncogenes are their molecular targets [26]. Genetic
mutations and epigenetic alterations are responsible for the deregulated expression of
miRNAs, and the same follows in the altered tumor microenvironment, where secreted
growth factors or cytokines may affect the expression of these small RNAs [27]. Other
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causes of aberrant miRNA expression in cancer are the aberrant activity of transcription
factors and mutations in the components of miRNA processing machinery [28,29].

In addition to the canonical biosynthesis pathway of miRNA, the alternative biogenesis
of miRNAs is Drosha- or Dicer-independent [30]. The main routes bypassing the Drosha
pathway generate: (m7G)-capped pre-miRNAs that are transported to the cytoplasm by
exportin 1 without cleavage by Drosha, or miRNAs such as “mirtrons” processed by the
spliceosome and debranching enzymes from introns [31,32]. Some human mirtrons are
splicing independent and are called mirtron-like or “simtrons” [33]. These pre-miRNAs are
considered as Drosha-dependent small RNAs, because their biogenesis is unaffected by
the deletion of DGCRS, Dicer, or EXPO5 AGO2, but reduced after Drosha knockout [34].
An example of the Dicer-independent biosynthesis of miRNA is the maturation of pre-
miR-451 that is too short for Dicer cleavage and requires processing by AGO2, the activity
of which is augmented by eukaryotic translation initiation factor (EIF1A) [35,36]. On the
other hand, Dicer and DGCRS are required for the synthesis of snoRNA-derived miRNAs,
where the latter can degrade snoRNA independently of Drosha and thus has an impact
on the stability of this alternative miRNAs [37]. Short hairpin-derivative miRNAs, such as
miR-320 and miR-484, are Dicer dependent and DGCRS independent because they lack a
microprocessor-binding sequence [38]. Additionally, small RNAs that are released from
tRNA (tsRNAs) are crucial for numerous physiological and pathological processes such
as gene expression, translation initiation and elongation, intergenerational inheritance,
stress granule assembly, ribosome biogenesis and apoptosis [39,40]. These small RNAs,
similar in size to miRNAs, are divided according to their length into: stress-induced tRNAs
(tiRNAs) and shorter tRNA-derived fragments (tRFs) derived from mature or precursor
tRNAs [40,41].

3. Circulating miRNAs as Promising Non-Invasive Markers

Most miRNAs are located within cells, but some of them are released and present in
different biofluids including plasma, serum, saliva, urine, tears, cerebrospinal fluid, amni-
otic fluid, pancreatic juice, bile, gastric juice, synovial fluid, and breast milk [42]. Therefore,
it is considered that miRNAs play an important role in the communication between cells,
and they are defined as circulating miRNAs. Recent findings suggest that cells in the neigh-
borhood of or located distantly from cells releasing miRNAs are instructed by circulating
miRNAs, because miRNAs are transmitted as a “message” that leads to physiological or
pathological effects in recipient cells, resulting in the progression of disease [43]. In the case
of neoplastic diseases, it is confirmed that miRNAs secreted from the primary site of the
tumor promote proliferation, invasion, angiogenesis, distant metastasis, and remodeling of
the tumor microenvironment [44]. Outside the cell, miRNAs exist in membrane vesicles
such as exosomes, microvesicles, and apoptotic bodies [45]. Additionally, they may be
associated with lipoproteins, particularly high-density lipoproteins (HDLs) and with inter-
mediate lipoproteins (IDLs) or low-density lipoproteins (LDLs). They can also be a part of
complexes with proteins such as AGO2 and nucleophosmin 1 (NPM1) [46] (Figure 1).
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Figure 1. Biogenesis of miRNAs and their extracellular forms.

MiRNAs appearing in these forms in extracellular spaces are stable, because they are
not degraded by endogenous RNases [33]. Furthermore, circulating miRNAs are resistant
to different stressing conditions, such as long-term storage, repeated freeze—thaw cycles,
boiling, and variations in pH [47,48]. Since the discovery of circulating miRNAs, the sig-
nificance of these molecular players has increased, particularly as potential non-invasive
biomarkers. The possibility of the collection of miRNAs in a non-invasive or minimally
invasive manner prevents many invasive medical procedures such as tissue biopsy (e.g.,
kidney or liver biopsy, bone marrow procedures) [48]. Another limitation of traditional
biopsy is the small amount of diagnostic material depending on the size of needle or
areas of sampling [49]. In addition, intratumor heterogeneity should also be considered as
tumor cells divide, accumulate additional mutations, and gain new properties, for example
apoptosis resistance and invasiveness [50]. In addition, epigenetic alterations are the cause
of differences between the phenotypes of some cancer cell populations within a tumor,
which also contributes to tumor heterogeneity [50]. In theory, any part of the tumor may
shed secretory vesicles, proteins, nucleic acids or cells into the bloodstream, which confirms
that the cancer-derived miRNAs present in biofluids may be a more representative form of
sampling in the future than traditional biopsy [49]. An essential feature of ideal biological
markers, except non-invasiveness, is their detection at an early stage of disease, specificity,
and sensitivity. In the context of circulating miRNAs, many studies confirmed the altered
expression of plasma or serum miRNAs before the obvious clinical symptoms appeared
and diagnosis was clearly confirmed by biopsy or imaging techniques [51]. For example,
upregulated levels of miR-21, miR-20a, miR-141, miR-145, miR-155 and miR-223 were noted
in the plasma of patients with non-small cell lung cancer (NSCLC) at stages I and II [51].
Fan et al. identified miR-16, miR-21, miR-155 and miR-195 in early breast cancer patients
in comparison with healthy individuals [52]. Other miRNAs were mentioned as markers
for the early detection and discrimination of bladder cancer from non-cancer and other
types of bladder tumor (miR-6087, miR-6724-5p, miR-3960, miR-1343-5p, miR-1185-1-3p,
miR-6831-5p and miR-4695-5p) [53]. Some miRNAs were considered as novel markers in
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the early diagnosis of esophageal squamous dysplasia (ESD), the precancerous lesion of
esophageal squamous cell carcinoma (ESCC), where miR-16-5p, miR-197-5p, miR-451a, and
miR-92a-3p distinguished patients with ESCC from healthy individuals, and miR-16-5p,
miR-320c, miR-638, and miR-92a-3p distinguished ESD from healthy controls. These two
miRNA panels when taken together had a better diagnostic performance in the differ-
entiation of ESD and ESCC from healthy patients than carcinoembryonic antigen (CAE)
and carbohydrate antigen 19-9 (CA 19-9) [54]. Additionally, different subtypes of cancers
may be distinguished by the evaluation of circulating miRNAs expression. Approximately
75% of breast cancers are positive for estrogen receptor (ER) and/or progesterone receptor
(PR), where ER-positive tumors express ER, PR, ER-responsive elements or other genes
that encode proteins of luminal epithelial cells, and therefore were termed the luminal
group [55]. The differential expression of miR-373 was revealed in triple-negative breast
cancer (TNBC) patients in comparison with luminal carcinomas, and its expression was
higher in (ER)-/(PR)- subtypes than in receptor-positive breast cancer [56]. In lung cancer
patients, levels of miR-16-5p and 486-5p were elevated in two subclasses of NSCLC, adeno-
carcinoma (ADC) and squamous cell carcinoma (SCC), in comparison with healthy controls,
but the stable expression of miR-9 was noted in healthy individuals and the overall group
of NSCLC patients, with a significant decline only in the ADC group [51].

Despite advanced knowledge in research focused on the functions of non-coding
RNAs, the use of miRNAs as diagnostic biomarkers is limited [57]. It is well documented
that the quality of pre-analytical and analytical methods for the detection of miRNAs is
extremely important [58]. Sample collection, storage, transportation, repeating thawing
and freezing, aliquoting, and the selection of centrifugation conditions during samples
preparation (type of rotor, centrifugation force, time and temperature) are crucial, because
they may alter the levels of miRNAs derived from biofluids [47]. Some studies showed
the differential expression of circulating miRNAs in arterial blood compared with venous
blood in pathological conditions, which may indicate that the selection of blood sampling
method is key, but is not the only variable in the detection of circulating miRNAs [59,60].
In addition, many studies are not consistent in assessing the levels of specific miRNAs
in serum and plasma where miRNA expression patterns are without differences; miRNA
levels are higher in plasma than in serum; or their levels are higher in serum than in
plasma, where hypothetically these small RNAs are released from platelets during coag-
ulation [61-64]. The crucial step during the preparation of plasma and serum samples
involves the removal of the cellular components of blood (red blood cells, white blood
cells and platelets) to limit the release of miRNAs derived from these cells and therefore
avoid the RNA contamination of samples and false-positive results during miRNAs detec-
tion [58]. In the case of plasma, the choice of anticoagulant (EDTA, citrate or heparin) used
for miRNAs isolation is critical for the quality of miRNAs profiling due to the impact of
anticoagulants on the results of quantitative reverse-transcription PCR (qRT-PCR) [47,65].
Moreover, reducing the hemolysis of samples is also mandatory, because the expression
of some miRNAs may be changed in hemolyzed specimens [58]. Therefore, the relative
expression of, for example, erythrocyte-specific miR-451 and stable miR-23a may be used
as an indicator of hemolysis [66].

Other variables affecting the profiling of circulating miRNAs include their extraction
methods due to the low concentration of these small RNAs in blood, the forms of their
transport, and contaminants present in blood, for example, heme [47]. Nowadays, different
methods are used for the detection of miRNAs in samples such as qRT-PCR, miRNA
microarrays, and next-generation sequencing (NGS); however, the choice of the proper
method depends on the study design. Furthermore, the normalization strategy used for
miRNAs quantification is essential, because it affects data interpretation [58,67].

In the search for miRNAs that can be used as diagnostic biomarkers, individual factors
influencing the diverse expression of miRNAs, such as single-nucleotide polymorphisms
(SNPs), RNA editing and the production of miRNA isoforms (isomirs) should also be
considered [68]. Moreover, circulating miRNA levels are related to patients” age, gender
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and race [69-72]. Additionally, factors related to lifestyle such as medication, nutrition
and physical activity modulate the profile of circulating miRNAs [47]. Medications such
as angiotensin-converting enzyme inhibitors and angiotensin receptor blockers down-
regulate some miRNAs in patients with coronary artery disease [73]. In patients with
knee osteoarthritis, treatment with celecoxib, as one of the most frequently used selective
cyclooxygenase-2 (COX-2) inhibitors, influenced the levels of circulating miRNAs before
and after therapy [74]. Furthermore, the intake of specific nutrients such as sodium and
vitamins D and E is related to circulating miRNA profiles in healthy subjects. Similarly, a
diet rich in polyphenols (resveratrol, ellagitannins, ellagic acid, epigallocatechin-3-gallate,
genistein, curcumin, diindolylomethane) that maintains human health by tumor-protective
and cancer-suppressive effects, and the high consumption of dietary fatty acids are associ-
ated with metabolic diseases via the regulation of miRNA expression [75-77]. In addition
to dietary habits, the type of physical activity is significant, since it is known that long-term
exercise alters plasma miRNAs levels in healthy young women. Moreover, the dynamics of
miRNAs expression in plasma and urine is changed in full-marathon participants [78,79].
Recently, it was suggested that cigarette smoking, alcohol abuse and the use opioid of
drugs such as heroin influence miRNA levels as well [80-84].

All of the above-mentioned methodological considerations and patient-related fac-
tors should be taken into account during study design, because the reliable analysis of
circulating miRNA profiles will allow their use as biomarkers suitable for clinical medicine.

4. Bioinformatics Analysis of miR-1290 Target Genes and Their Functional Annotations

In 2008, the precursors of human miR-1290 were discovered in embryonic stem cells
in introns of aldehyde dehydrogenase 4 member Al gene (ALDH4AT) [85]. We used the
miRWalk 3.0 database (mirwalk.umm.uni-heidelberg.de, accessed on 7 January 2022) [86] to
predict target genes (TGs) for miR-1290 and searched only for interactions common with the
miRDB database (mirdb.org) [87,88]. A total of 318 genes (Supplementary Materials, Table S1)
with the highest probability of interaction (miRWalk score > 0.9) and present in both databases
were chosen for Gene Oncology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
functional analysis. The Database for Annotation, Visualization and Integrated Discovery
(DAVID, 2021 Update, david-d.ncifcrf.gov, accessed on 7 January 2022) [89,90] was used to
identify GO categories (biological process, cellular component, and molecular function)
and KEGG pathways (Supplementary Materials, Table S2). In the cellular component
category, miR-1290 TGs were enriched, especially in nucleoplasm, cytoplasm and nucleus.
The most significant molecular functions of miR-1290 TGs were related to protein binding,
protein kinase activity and metal ion binding. Among many biological process terms,
we discovered that miR-1290 TGs are involved in MAPK cascade, axon guidance and
the positive regulation of protein localization to the plasma membrane. The analysis of
KEGG pathways revealed that putative miR-1290 targets, among others, are responsible
for the regulation of the MAPK signaling pathway, the calcium signaling pathway and
gap junctions.

5. Physiological Role of miR-1290

Besides its unquestionable role in carcinogenesis, miR-1290 also takes part in several
physiological processes, such as embryonic development and the differentiation of cells.
Kim et al. suggested that miR-1290 is important for embryo implantation and survival, and
that its expression is negatively regulated by estrogens [91]. It was demonstrated that miR-
1290 expression significantly increases in bovine endometrium between days 3 and 7 of the
estrous cycle, a critical period for implantation [92]. Moreover, exosomal miR-1290 excreted
by placental trophoblast cells induces the epithelial-mesenchymal transition of endometrial
cells and their migration through targeting LIM /homeobox protein (LHX6), which may
confirm its role in successful implantation [93]. Additionally, placental miR-1290 expression
is negatively correlated with gestational age and birthweight, which may indicate its role in
fetal growth at an early gestation period [94]. MiR-1290 appeared to be essential during the


mirwalk.umm.uni-heidelberg.de
mirdb.org
david-d.ncifcrf.gov

Int. . Mol. Sci. 2022, 23,1234

7 of 34

differentiation of neural stem cells into neurons and its diminished expression in early brain
development is associated with some pathologies such as autism spectrum disorder [95,96].
The role of miR-1290 in the development of the central nervous system was reflected
by its lower expression in the plasma of pregnant women with fetal Down syndrome
compared with women with normal pregnancies [97]. Moreover, miR-1290 is engaged in
the differentiation of myoblasts and its serum level in patients with muscle atrophy is lower
than in healthy individuals [98]. MiR-1290 also induces phenotypic changes from cardiac
fibroblasts to endothelial cells, subsequently enhancing angiogenesis and alleviating cardiac
injury in the case of myocardial infarction [99]. Similarly, the protective role of miR-1290
on neurons deprived of oxygen and glucose in ischemia was explained by a reduction in
apoptosis in the presence of endothelial cells releasing extracellular vesicles containing
miR-1290 [100]. Furthermore, elevated miR-1290 was found in exosomes excreted by bone
mesenchymal stem cells (MSCs) during their differentiation into chondrocytes, which
may play an important role in cartilage regeneration [101]. Cui et al. have shown that
miR-1290 belongs to the set of miRNAs increased during hepatic differentiation [102];
however, their further study indicated that its presence is not necessary for the conversion
of MSCs into hepatocyte-like cells [103]. MiR-1290 is upregulated during the induction
of umbilical cord MSCs into neuron-like cells, which is a promising discovery for the
therapy of neurodegenerative disorders [104]. MiR-1290 may also be engaged in ovarian
follicle development as it was found in follicular fluid in both microvesicles and vesicle-free
fractions [105].

6. The Role of miR-1290 in Non-Neoplastic Diseases

It was discovered that miR-1290 participates in some non-neoplastic pathological
processes such as inflammatory and infectious diseases, and polycystic ovary syndrome.
The analysis of plasma content from patients with heat stroke compared with healthy
volunteers revealed elevated levels of exosomes with dysregulated miRNAs related to
increased expression of pro-inflammatory and coagulation cascade-activating mRNAs.
Among these altered miRNAs, miR-1290 was one of the most upregulated [106]. MiR-1290
was also shown to be increased in the sera of hyperlipidemia patients and it may be engaged
in atherosclerosis-related inflammation through targeting GSK-3f3 in endothelial cells [107].
An in vitro model of non-alcoholic fatty liver disease (NAFLD) revealed that chronic
exposure to free fatty acids may induce the intracellular expression of miR-1290 [108]
and miR-1290 was elevated in the serum of NAFLD patients compared with healthy
controls [109]. MiR-1290 was overexpressed in intestinal specimens from children with
necrotizing enterocolitis [110] and an increased plasma level of miR-1290 in premature
infants with necrotizing enterocolitis allowed differentiation from neonatal sepsis cases and
healthy children [111]. Furthermore, miR-1290 was elevated in peripheral blood dendritic
cells from chronic rhinosinusitis patients with nasal polyps [112] and in the duodenal
mucosa of coeliac patients [113]. MiR-1290 expression was also higher in plasma from
patients with pulmonary fibrosis and it was able to directly target Napsin A proteinase
to modulate cell proliferation and TGF-f1-induced fibrosis [114]. On the other hand,
miR-1290 expression was decreased in tissue samples from patients with oral submucous
fibrosis compared with normal mucosa [115]. The study of Adyshev et al. suggested that
miR-1290 may reduce lung inflammation through targeting nonmuscle myosin light-chain
kinase that decreases lung endothelium permeability [116]. Additionally, bioinformatics
analysis identified miR-1290 in the set of miRNAs downregulated in serum from sepsis
patients [117]. Moreover, it was revealed that the sponging of miR-1290 by hsa_circ_0056558
is involved in the regulation of CDK®6 to suppress cell proliferation and differentiation
while enhancing apoptosis in ankylosing spondylitis [118]. For that reason, the role of
miR-1290 during inflammation and in autoimmune disorders needs to be further clarified.

There are also a few reports indicating that miR-1290 is engaged in the pathogenesis
of infections with influenza virus [119], HIV-1 [120] or Mycobacterium leprae [121].
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Serum miR-1290 was found to be elevated in women with polycystic ovary syndrome,
a common endocrine disorder in premenopausal women, compared with controls, and it
was positively correlated with high levels of testosterone and androstenedione [122].

7. Upregulation of miR-1290 Is Associated with Different Types of Cancers

MiR-1290 was detected in various types of malignancies, including colon, pancreas,
lung and liver cancer; therefore, its role as an oncomir is well documented. The expression
profiles of miRNAs are tumor and tissue specific, and so several miRNAs, among them
miR-1290, have a significant role in the development and progression of these pathologies
(Figure 2).
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Figure 2. A summary of oncogenic role of miR-1290.

In our review, we summarize the role of miR-1290 in different types of tumors, with
particular emphasis on its role as a circulating biomarker (Supplementary Materials, Table S3).
Moreover, we highlight the clinical significance of miR-1290 as a biomarker in different
human neoplasms (Table 1).
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Table 1. Clinical value of miR-1290 in neoplastic disease.

Type of Cancer Source of miR-1290 Adjuvant Therapy Clinical Significance of miR-1290 References
Stage Il and III CRC tissues (n = 291) 5-FU-based chemotherapy after H(lll_lflilgglo 41;.a91;i/n(éeIPSIé(;igt9}(>)§(;gnr;o]sjt;csfz(ilflt§r_fcir5%)? [123]
resected before adjuvant therapy radical resection 95% CI: 1.32-2.95).
Plasma from stage I-IV CRC miR-1290 can differentiate colorectal adenoma from HCs
patients (n = 80) collected before Not indicated with an AUC = 0.78 (95% CI: 0.69-0.88), 75.53% SE and [124]
adjuvant therapy, colorectal 87.41% SP, and CRC patients from HCs with an
adenoma (n = 50), and HCs (n = 30) AUC = 0.88 (95% CI: 0.82-0.95), 76.65% SE and 90.23% SP.
Serum exosomes from stage I-IV miR-1290 can discriminate stage I CRC patients from HCs
CRC patients (n = 100) Coﬁec ted with an AUC = 0.89 (95% CI: 0.81-0.97), 83.33% SE and
Colorectal cancer be forepa diuvant t}:era and HCs Not indicated 85.71% SP, and CRC patients at different stages from HCs [125]
) = 35) Py with an AUC = 0.92 (95% CI: 0.87-0.97), 85% SE and
B 88.57% SP.
Tissue miR-1290 is not an independent prognostic factor
for OS.
. _ Serum miR-1290 can distinguish colorectal adenoma from
ritsae%felc_llgei)fgazs'lsll\tzsnir‘t}:e3a79) 5-FU-based chemotherapy for HCs with an AUC =0.72, 46.4% SE and 91.2% SP, and CRC
. ) by patients with stage III/IV CRC, no patients from HCs with an AUC = 0.83, 70.1% SE and
Preoperative sera from stage I-IV [126]

CRC patients (n = 211), colorectal
adenoma (n = 56), and HCs (n = 57)

adjuvant therapy to stage I/1I
CRC patients

91.2% SP.

Serum miR-1290 is an independent prognostic marker for
OS (HR = 4.51; 95% CI: 1.23-23.69) and an independent
predictor for tumor recurrence after curative surgery
(HR =3.92; 95% CI: 1.11-25.14).
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Table 1. Cont.

Type of Cancer Source of miR-1290 Adjuvant Therapy Clinical Significance of miR-1290 References
I;rtz(g;elr- ?Evsa;eéa(ffcinlga:fgz ;fllltlh miR-1290 can discriminate subjects with PanC relative to
pancreatic neuroendocrine tumors Pancreatic resection followed by ,IA:I[(_% SI())' ;121219}5);n8‘16.3ez)tlgclrjtgé))ersc;olcz‘én;lt_lgrg(l);“ Sa‘zg}a ZIS
(n=18), CP (n =35), and HCs 5-FU-based and palliative therapies o O(O 6.7—.() 93) ’ res, e'c tivei et ’ [127]
(n=19). (including gemcitabine) . . L 29), TeSp oY
Preoperative sera from patients with miR-1290 is an independent prognostic biomarker for OS
PanC (n = 56) (HR = 2.24; 95% CI: 1.16-4.33).
Plasma from stage I-IV PanC miR-1290 can discriminate patients with PanC from HCs
Pancreatic cancer patients (n = 167, collected before Adiuvant chemothera with an AUC = 0.73 (95% CI: 0.68-0.79), 56.3% SE and
surgery or before chemotherapy for a dmini]s tered to 61% of efgents 89.5% SP. [128]
patients with advanced disease) and °otp miR-1290 is not an independent prognostic factor for OS
HCs (n =267) and DFS.
. miR-1290 can discriminate PanC from HCs and benign
Ser(jl ff"lnz‘ostg%falijzdiaggrfzi‘;ms controls with an AUC = 0.93 (95% CI: 0.89-0.97), 75.0% SE
therapeutic procedures), benign Not indicated and 97.5 g)gsg)lz’/ aél}gl :rllldA;Izjg"/: glf ze(s%e/z tiflelo 84-0.94), [129]
pancreatic disease controls (n = 40), . o 070 9% 18P Y
and HCs (n = 40) miR-1290 is an independent risk factor for PanC
(OR = 12.35).
. _ miR-1290 is an independent prognostic factor for OS
Esophageal cancer ES%(; g:‘;e;g; ;ni(ifl)eiiseded Not indicated (HR = 1.97; 95% CI: 1.00-4.19) and DFS (HR = 1.81; [130]
) py 1.00-4.06).
Sera of stage I-IV NSCLC patients . . . .
(n=6 6)gcollecte dbe forgany Not indicated miR-1290 is an independent prognostic factor for OS [131]
— . (o) . ! =
fherapeutic procedures (HR =1.79; 95% CI: 1.17-2.98).
Lung cancer Serum exosomes from stage IV miR-1290 can discriminate LADC from HCs with an AUC
. _ 1 =0.94 (95% CI: 0.89-0.99), 80.0% SE and 96.7% SP.
Lﬁgigzser:; t(lfclu;n?)(i‘) t;(;ligcted Not indicated miR-1290 is an independent predictor of PFS (HR =7.80, [132]
y Py 95% CI: 1.44-42.41).
Sera of stage I-IV CC patients miR-1290 can differentiate subjects with CC from HCs
Cervical cancer (n =45, collected before adjuvant Not indicated with an AUC of 0.80 (95% CI: 0.69-0.90), 90.3% SE and [133]
therapy), 55 CIN, and 31 HCs 62.2% SP.
.. . miR-1290 can discriminate subjects with EEC from HCs
Endometrioid Plasma of stage 1V EEC patients Radiotherapy and/or chemotherapy with an AUC = 0.77 (95% CI: 0.63-0.88), 76% SE and [134]

endometrial carcinoma

(n=34) and HCs (n = 14)

86% SP.
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Table 1. Cont.

Type of Cancer

Source of miR-1290

Adjuvant Therapy

Clinical Significance of miR-1290

References

Ovarian cancer

Sera from stage I-IV OC patients (n
=70; including HGSOC, n = 30) and
HCs (n =13)

Not indicated

miR-1290 can distinguish OC patients from HCs with an
AUC = 0.48,51% SE and 57% SP, and HGSOC patients
from HCs with an AUC = 0.71, 63% SE and 85% SP.

[135]

Ascitic fluid or peritoneal lavages
from stage I-IV OC patients (n = 23)
and plasma from HCs (n = 34)

Not indicated

miR-1290 can discriminate OC patients from HCs with an
AUC =1.00.

[136]

Oral cancer

Plasma from OSCC patients (n = 70)
collected before adjuvant therapy
and HCs (n = 40)

Not indicated

miR-1290 can distinguish OSCC patients from HCs with
an AUC = 0.90 (95% CI: 0.84-0.96), 89.2% SE and 85.0% SP.
Low miR-1290 level is an independent risk factor for the
poor prognosis (HR = 2.74, 95% CI: 2.15-6.12).

[137]

Preoperative plasma from stage
II-IV OSCC patients (n = 55)

Preoperative 5-FU-based
chemoradiotherapy

Low miR-1290 level is an independent predictor of OS
(HR = 3.35, 95% CI: 1.08-12.0) and DFS (HR = 3.31,
95% CI: 1.08-11.6).

[138]

Legend: CRC—colorectal cancer; 5-FU—5-fluorouracil; OS—overall survival; DFS—disease-free survival; HR—hazard ratio of multivariate Cox proportional hazard regression analysis;
Cl—confidence interval; AUC—area under the curve of ROC analysis; SE—sensitivity; SP—specificity; HCs—healthy controls; PanC—pancreatic cancer; CP—chronic pancreatitis;
ESCC—esophageal squamous cell carcinoma; NSCLC—non-small cell lung cancer; LADC—Ilung adenocarcinoma; PFS—progression-free survival; CC—cervical cancer; CIN—cervical
intraepithelial neoplasia; EEC—endometrioid endometrial carcinoma; OC—ovarian cancer; HGSOC—high-grade serous ovarian cancer; OSCC—oral squamous cell carcinoma.
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7.1. Gastrointestinal Cancers
7.1.1. Colorectal Cancer

Colorectal cancer (CRC) is third in terms of incidence and second in terms of mortality
worldwide. It is the most common type of cancer in men, after lung and prostate cancers,
and the second most common type of cancer in women after breast cancer [139]. CRC is a
disease of developed countries, because the main factors that impact tumor development
are obesity, sedentary lifestyle, tobacco smoking, and the consumption of red meat and al-
cohol [140]. Other risk factors are related to inflammatory bowel diseases, diabetes mellitus,
cholecystectomy, and hereditary syndromes, such as hereditary non-polyposis colorectal
cancer, and adenomatous (familial adenomatous polyposis and MYUTH-associated polypo-
sis) and hamartomatous polyposis syndromes (Peutz—Jaghers syndrome, juvenile polyposis
syndrome, and PTEN hamartoma tumors syndrome) [141]. Only a small percentage of
CRC cases are a result of hereditary syndromes, whereas most CRC cases are sporadic, ac-
counting for about 95% [142]. The most frequent premalignant precursor lesions of almost
all sporadic CRCs are adenomas [143]. Crucial molecular changes in CRC pathogenesis are
seen in the chromosomal instability pathway (CIN), which is characterized by aneuploidy
and loss of heterozygosity (LOH), microsatellite instability (MSI) caused by a defective
DNA mismatch repair (MMR) system, DNA methylation pathway (CpG methylator pheno-
type pathway), and inflammatory pathway [144]. Additionally, miRNAs are also involved
in CRC development [144]. Ma et al. showed that miR-1290 is upregulated in human
CRC cells and tissues [145]. It was discovered that a molecular downstream target for
miR-1290 is inositol polyphosphatase-4 phosphatase type II (INPP4B), a member of the
PI3K/ Akt signaling pathway which plays a key role in the initiation and progression of
the tumor [146]. MiR-1290 directly binds to 3’-UTR regions of INPP4B that exhibit a dual
role in cancer cells [145]. INPP4B functions as a tumor suppressor in prostate, thyroid or
bladder cancer, but as an oncomir in CRC cells where it regulates Akt and GSK3 pathways
and downregulates tumor-suppressor PTEN, so its role depends on the cellular context
and requires further investigation [145,147-149]. Other studies also showed that miR-1290
inhibits the expression of tumor-suppressor cyclin-dependent kinase inhibitor 27 (p27) and
promotes the expression of cyclin D1, which regulates the transition from the G1 to S phase
of the cell cycle and enhances the proliferation of CRC cells [145]. Additionally, the upregu-
lation of miR-1290 in CRC tissues caused the formation of multinucleated cells; miR-1290
activates cell pro-survival pathways such as Akt and NF-kB pathways to maintain cell
proliferation in vitro and in vivo [150]. MiR-1290 promotes the reprogramming of cancer
cells by targeting kinesin family member 13B (KIF13B), which is involved in cytokinesis, the
final step in cell division, that leads to nuclear re-fusion in cells, and aneuploidy, which is
present in malignant tumors, including CRC [150]. Moreover, the upregulation of miR-1290
activates the Wnt pathway, which plays a central role in the development of CRC, and
further increases c-Myc and Nanog expression [150].

CRC can be classified based on the expression patterns of MMR proteins [151]. MMR
genes encode proteins required for the repair of DNA sequence mismatch, correction of
base mismatches, and small deletions and insertions [152]. Core members of the MMR
system are human mutS homolog 2 (hMSH2) and human mutL homolog 1 (hMLH1);
others are hMSH3, hMSH6, hMLH3, and hPMS2 [153]. Patients with a deficient MMR
system due to the inactivation of these genes weakly respond or do not respond to
5-fluorouracil-based (5-FU) adjuvant therapy, the first-line therapy applied after surgi-
cal resection of CRC in stage II and III [123]. MiR-1290 is upregulated in deficient MMR
CRC tissues and 5-FU-resistant cells, and high expression of miR-1290 is a predictor of
poor prognosis in patients with stage II and IIl CRC who receive 5-FU-based chemotherapy.
The inhibition of miR-1290 expression in vitro and in vivo enhances sensitivity to 5-FU by
targeting hMSH2 [123]. Another study showed that sorafenib, which inhibits the mitogen-
activated protein kinase (MAPK) pathway, shows anti-proliferative and anti-angiogenic
effects by inhibiting vascular endothelial growth factor receptors (VEGFR). Treatment with
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sorafenib enhances miR-1290 expression in Caco-2 cells, which may suggest that miR-1290
has as role as a potential indicator of response to this therapy [154].

At least 25-50% of patients with CRC develop metastases to the liver [155]. Com-
parative analysis of differentially expressed miRNAs between primary CRC and liver
metastases showed the upregulation of nine miRNAs, including miR-1290 [156]. Moreover,
bioinformatics analysis revealed potential miR-1290 target genes, for example: AXL, a
gene associated with tumor cell growth, metastasis, invasion, epithelial-to-mesenchymal
transition (EMT), angiogenesis, drug resistance and stem cell maintenance; Casp-8 and
FADD-like apoptosis regulator (CFLAR) encoding an important regulatory protein in the
extrinsic apoptotic pathway; growth arrest-specific 7 (GAS7), responsible for maintaining
microtubule stability and polarization, or thioredoxin-related transmembrane protein 4
(TMX4), acting as an endoplasmic reductase required in protein folding and degradation
pathways [156-160].

Biopsy has a central role in cancer diagnosis, because it permits clinicians to diagnose
disease, helps to choose appropriate treatment, and determines the overall prognosis. The
liquid biopsy refers to genetic tests performed on samples extracted from biofluids, in
particular from whole blood [161]. Recently, the identification and evaluation of miRNAs
that are released from cancer cells into the circulation provided a valuable strategy for
diagnosis, even at the early stages of the disease. Usually, CRC patients are diagnosed
with advanced stages of the disease, but the evaluation of serum miR-1290 is a promising
tool that may help to differentiate adenoma and CRC from healthy controls [124]. Shi
et al. demonstrated the high diagnostic value of serum exosomal miR-1290 to differentiate
patients at stage I CRC from healthy individuals [125]. Additionally, the high expression
of miR-1290 in serum was found to be an independent prognostic marker for predicting
poorer overall survival (OS) in CRC patients and was an independent predictor of tumor
recurrence after surgery [126].

7.1.2. Pancreatic Cancer

Pancreatic cancer is the 7th leading cause of cancer death in both sexes, which accounts
for almost as many deaths as cases in 2020 because of its poor prognosis (deaths: 466,000;
cases: 496,000) [1]. The most frequent pancreatic cancer is pancreatic ductal adenocarci-
noma (PDAC). The development of pancreatic cancer represents the adenoma—carcinoma
sequence: starting from pancreatic intraepithelial neoplasia (PanINs: PanIN-1A, PanIN-1B,
II and III) and ending with invasive neoplastic lesions [162]. PDAC may also evolve from
other types of precursor lesions, such as intraductal papillary mucinous neoplasms (IPMN)
and mucinous cystic neoplasm (MCN) [163]. The disease is considered as familial when
two or more first-degree relatives have been previously diagnosed with PDAC, and such pa-
tients have a nine times higher risk of developing PDAC [164]. The definition of hereditary
PDAC describes this condition as a genetic syndrome with identifiable gene mutation [165].
In this group, PDAC is associated with specific syndromes for which the predisposing genes
were identified, including hereditary breast and ovarian cancer (associated with genes:
BRCA1 and BRCA?2), familial breast cancer (PALB2 and ATM), Peutz-Jaghers syndrome
(STK11), hereditary pancreatitis (RRSS1), familial atypical mole and multiple melanoma
(CDKN2A), Lynch syndrome or hereditary non-polyposis CRC (MMR genes: MLH1, MSH?2,
MHS6, PMS?2), and cystic fibrosis (CFTR) [162,166]. Environmental risk factors for PDAC
are: cigarette smoking, alcohol consumption, obesity, chronic pancreatitis, and diabetes
mellitus [162]. In the context of PDAC, in vivo and in vitro studies confirmed that miR-1290
functions as a promoter of PDAC by targeting 3'-UTR of IKKI mRNA and increases the
aggressiveness of PDAC [167]. It is known that in pancreas IKK1 protein is a part of the
IKK complex involved in the NF-«B signaling pathway, the major pathway connecting
inflammation and cancer [168]. Moreover, the upregulation of miR-1290 increases the inva-
siveness and migration of PDAC cells in vitro and promotes cell proliferation in vitro and
in vivo [167]. It is consistent with earlier studies that show that the downregulation of IKK1
promotes tumor initiation and enhances its progression [169]. Additionally, a meta-analysis
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showed that high levels of miR-1290 in the blood of patients with PDAC are associated with
poorer OS, which confirms its prognostic value [170]. In addition, miR-1290 has a higher
expression in older and male PDAC patients undergoing surgical resection [171]. Moreover,
the combined detection of circulating miR-1290 along with cancer antigen 19-9 (CA 19-9)
may improve the diagnostic accuracy of PDAC [129]. Interestingly, exosomes containing
miR-1290, which were isolated from the human pancreatic cell lines, were taken up by
neighboring normal pancreatic stellate cells and induced genes involved in fibrogenesis,
a process that creates a tumor-faciliatory environment, and stimulates tumor growth and
metastasis [172].

7.1.3. Gastric Cancer

Gastric cancer (GC) is a result of a combination of environmental factors and mutations
in various genes [173]. The majority of GCs are adenocarcinomas that originate from the ep-
ithelial cells of gastric mucosa and the glands, whereas other types arise from the lymphoid
tissue and muscles of the stomach [174]. The most frequently used classification of gastric
adenocarcinomas are Lauren’s criteria, based on GC histologic subtypes [175] that include
two major types: intestinal and diffuse [176]. In 2010 the World Health Organization
recognized additional histologic subtypes of gastric tumors, such as: papillary, mucinous,
tubular, poorly cohesive, including signet ring cell carcinoma, and uncommon histologic
variants [177]. Comparing these two most common classification systems, tubular and
papillary carcinomas belong to the intestinal type, whereas signet ring carcinoma and other
uncommon types correspond to the diffuse type in Lauren’s classification [178]. The intesti-
nal type of GC (IGC) is found in older patients and is mainly caused by Helicobacter pylori
infection, where carcinoma develops through chronic gastritis and precancerous lesions:
atrophic gastritis, intestinal metaplasia, and dysplasia [179]. Additionally, IGC is associated
with environmental risk factors such as the consumption of food containing high amounts of
salt, cigarette smoking, alcohol intake, sedentary lifestyle and obesity [174]. Moreover, IGC
may be found in several hereditary syndromes: Lynch syndrome, Li—-Fraumeni syndrome,
familial adenomatous polyposis, Peutz—Jaghers syndrome, juvenile polyposis syndrome,
hereditary breast and ovarian syndrome, and MUTYH-associated polyposis [180]. The
diffuse type of GC (DGC) is observed in younger patients, and it is primarily linked to
genetic alterations rather than inflammatory cascade or environmental factors [179]. Hered-
itary diffuse gastric cancer (hDGC) is the most recognized familial GC, caused by germline
mutations in genes: CDH1 and, rarely, in CTNNAI1 [181]. A few studies showed that
miR-1290 plays an important role in GC progression. Lin et al. showed during testing of
the synthetic inhibitor of miR-1290 that it targets forkhead box Al (FOXA1), a member
of the FOX transcription factors family, which causes the inhibition of cell proliferation
and migration in vitro [182]. Many studies have focused on the role of FOXA1 in human
cancers, where its function is tissue specific and it may behave as a tumor suppressor or
oncogene [183]. The function of FOXA1 in GC cells is not clear; however, it was shown
that FOXA1 induces the expression of E-cadherin and downregulates vimentin, both at
the protein level, and thus probably inhibits EMT. Moreover, the upregulation of FOXA1
inhibits GC cells proliferation and tumor formation, and also promotes apoptosis [184].
Further investigation revealed that GC cells incubated with miR-1290 isolated from serum
exosomes derived from GC patients showed enhanced proliferation, migration and inva-
sion by targeting naked cuticle homolog 1 (NKD1), an antagonist of the WNT/£3-catenin
pathway [185,186]. Other studies demonstrated that GC cells release extracellular vesicles
containing miR-1290, which suppress T cell proliferation by targeting transcription factor
grainy head-like 2 (Grhl2), resulting in immune escape [187].

7.1.4. Liver Cancer

The most common histologic type of primary liver cancer is hepatocellular carcinoma
(HCC), representing 75-85% of cases, and the rest of the liver cancer cases include intrahep-
atic cholangiocarcinoma and other rare types [188]. Extrinsic risk factors associated with
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HCC are: hepatotropic viruses (HBV, HCV), alcohol-related cirrhosis, cigarette smoking,
obesity, aflatoxins produced by Aspergillus species, non-alcoholic fatty liver disease, and
liver flukes (Opisthorchis viverrini and Clonorchis sinensis) [189,190]. Metabolic and genetic
diseases that are associated with HCC are: hemochromatosis, Wilson’s disease, alpha-1 an-
titrypsin disease, glycogen storage disease type I and II, porphyrias, and tyrosinemia [191].
Two major types of genomic instabilities, mitotic error-mediated chromosome instability
(CIN) and DNA metabolism defect-mediated microsatellite instability (MIN), are responsi-
ble for the heterogeneity of HCC [192]. HCC is associated with genetic alterations in specific
chromosomal regions and genes such as mutations of the TERT promoter and the deletion
of TP53, and about 95% of HCC cases showed the deregulation of the Wnt signaling path-
way [193]. The better understanding of the molecular basis of this pathology is crucial for
the recognition of new molecular targets, treatment decisions and biomarkers [193,194].
HCC is a typical hyper-vascular tumor which uses exosomes enriched in angiogenic factors
including miRNAs for cancer progression and metastasis [195]. Recently, it was found
that miR-1290 delivered through exosomes from HCC cells to recipient endothelial cells
downregulates the suppressor of MEK null (SMEK1) expression and promotes tumor angio-
genesis [196]. The HCC treatment strategy is a huge challenge, and liver transplantation is
one of the therapeutic options to treat the advanced stage of disease, which helps to remove
the tumor with the widest margin and surrounding pro-carcinogenic environment [197,198].
It was shown that the level of circulating miR-1290 is significantly upregulated in recipients
after HCC recurrence, and also that high levels of miR-1290 are associated with poor OS
and disease-free survival (DFS) of patients with HCC after liver transplantation [199]. An
effective chemotherapeutic agent, paclitaxel, is applied for treating various types of cancers
including HCC through inducing DNA damage and the apoptosis of cancer cells [200]. Yan
et al. showed that paclitaxel inhibits the proliferation of HCC cells, stimulates apoptosis
and reduces the expression of miR-1290 in vitro [201].

7.1.5. Esophageal Cancer

The main two histologic subtypes of esophageal cancer that originate from the esophageal
epithelium are esophageal adenocarcinoma (EA) and ESCC [202,203]. Smoking and drink-
ing alcohol are the main risk factors for ESCC [204]. Other major risk factors are the
consumption of hot beverages, the intake of nitrosamines found in pickled vegetables, wa-
ter and moldy food, achalasia, caustic injury, exposure to ionizing radiation, HPV and HIV
infections [202,203,205,206]. Esophageal squamous dysplasia is a validated precursor lesion
for ESCC [207]. Familial syndromes associated with ESCC are tylosis, Plummer—Vinson
syndrome, and Fanconi anemia [206]. Moreover, increased risk for ESCC is found in heavy
drinkers and smokers with deficiency of alcohol dehydrogenase 2 (ALDH2), a key enzyme
in the detoxification of acetaldehyde that causes the flushing response to alcohol [208].
Genetic alterations implicated in ESCC are gene mutations (TP53, PIK3CA, NOTCH]1, FAT1,
FAT2, KMT2D, ZNF750), the frequently observed amplification and overexpression of the
CCND1 gene, and the deletion of tumor-suppressor genes such as TP53, APC, CDKN2A,
and FHIT [202]. Additionally, a large number of single-nucleotide polymorphisms are
associated with ESCC affecting PLCE1 and TP53 [209,210]. Epigenetic alterations, including
the hypermethylation of promoters of tumor-suppressor genes, genome-wide hypomethy-
lation, histone modifications and miRNAs, also play a significant role in ESCC [211]. It is
demonstrated that miR-1290 targets transcription factor nuclear factor I/X (NFIX) [130,212].
Comparative analysis between ESCC and matched non-cancerous esophageal mucosa
showed higher expression of miR-1290 and markedly lower expression of NFIX which is
associated with aggressive progression and predict poor prognosis of ESCC patients [130].
In vitro studies confirmed that miR-1290 promotes proliferation, migration and invasion of
ESCC cells [212,213]. In addition, high serum levels of miR-1290 may discriminate ESCC
patients from normal controls and reflect the progress of ESCC, which suggests a potential
diagnostic role of miR-1290 [214].
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7.2. Lung Cancer

Lung cancer (LC) is the leading cause of cancer-related death, causing about one-
quarter of all cancer deaths (over 135,000 estimated deaths in the United States in 2020) [215].
Due to delayed diagnosis, most patients (57%) are diagnosed with metastatic disease and
for them the 5-year relative survival rate is very low (5%) [215]. Historically, LC is classified
based on tumor histology into NSCLC and small cell lung cancer (SCLC) [216]. NSCLC
include several histotypes such as lung adenocarcinoma (LADC), lung squamous cell
carcinoma (LSCC), lung adenosquamous carcinoma (LASC), and large cell lung carcinoma
(LCLC) [216]. Lung cancer results from multistage carcinogenesis with gradually increasing
molecular changes in bronchial epithelium [217]. The first changes are loss of heterozygosity
(LOH) or microsatellite instability (MSI), and at the dysplasia stage DNA methylation.
The most often mutated proto-oncogenes that drive oncogenic transformation in lung
epithelium are oncogenes from the RAS, MYC, and HER families. Among the tumor-
suppressor genes that inhibit cellular proliferation and maintain genome stability, the most
frequent are the mutations of TP53, CDKN2A, and RB. Epigenetic changes in LC include
DNA methylation (hypomethylation or hypermethylation) and disrupted expression of
microRNAs (miRNAs) that may inactivate tumor suppressors such as APC, CKDN2A,
CHD13, RARB, and RASSF1A [217]. Bioinformatics analysis of miRNA datasets from
the Gene Expression Omnibus (GEO) database revealed hsa-miR-1290 among the top 10
upregulated DE-miRNAs in SCLC compared with normal lung tissue [218]. Similarly, a
higher expression of miR-1290 was observed in NSCLC compared with normal adjacent
tissues [219]. It was demonstrated that miR-1290 is a crucial driver for tumor initiation
and metastasis in NSCLC [220]. MiR-1290 was upregulated in lung cancer stem cells
(CSCs) and its loss influenced their tumor-initiating potential and ability to metastasize.
Serum miR-1290 levels correlated with the clinical response to therapy of LC patients
and the inhibition of miR-1290 with administration of locked nucleic acids arrested the
growth of patient-derived xenograft tumors [220]. Furthermore, the suppression of miR-
1290 decreased markers of stemness and epithelial-mesenchymal transition (EMT) in
NSCLC cell lines [221]. Importantly, anti-miR-1290 inhibited proliferation, colony and
sphere-formation, migration, and invasion of NSCLC cells, indicating that miR-1290 plays
a role in the invasion and metastasis of NSCLC [221]. Similarly, in vivo experiments
showed that antagomir-1290 suppressed NSCLC volume and weight initiated by CD133-
positive cells [222]. Furthermore, antagomir-1290 inhibited the proliferation, clonogenicity,
migration, and invasion of CD133-positive cells by targeting fyn-related Src family tyrosine
kinase [222]. The stimulation of NSCLC cells proliferation, colony formation, and invasion
by miR-1290 can be connected with the downregulation of interferon regulatory factor
2 (IRF2), which is a direct target of miR-1290 [223]. Additionally, miR-1290 enhanced
the expression of cell-cycle-related proteins such as CDK2 and CDK4, and stimulated
EMT by upregulating N-cadherin and downregulating E-cadherin expression [223]. MiR-
1290 overexpression enhanced proliferation, cell cycle progression and invasion, while
suppressing apoptosis in LADC cells, and miR-1290 was able to stimulate tumor growth,
invasion and metastasis in vivo [224]. MiR-1290 activated the PI3K/AKT and JAK/STAT3
pathways by directly targeting the suppressor of cytokine signaling 4 (SOCS4), suggesting
that miR-1290 stimulates proliferation invasion, and metastasis of LADC by targeting
50CS4 [224]. The downregulation of miR-1290 by treatment with Polygonatum odoratum
lectin induced apoptosis and autophagy in A549 LADC cells through the downregulation of
the Wnt pathway [225]. Interestingly, miR-1290 sensitized A549 LADC cells to cytotoxicity
induced by an anticancer agent, asiatic acid, and decreased the expression of its direct
target BCL2 gene [226]. These findings indicate that miR-1290 is useful as a biomarker and
it may become a novel target for miR-1290-based therapies of LC.

The currently used diagnostic strategies, such as chest radiography, sputum cytology,
and blood biomarkers (autoantibodies, complement fragments, circulating tumor DNA,
carcinoembryonic antigen (CEA), cancer antigen 125 (CA-125), carbohydrate antigen 15.3
(CA15.3), cytokeratin-19 fragment (CYFRA 21-1), neuron-specific enolase (NSE), squamous
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cell carcinoma antigen (SCCA), and pro-gastrin-releasing peptide (ProGRP)) have insuffi-
cient sensitivity or specificity for an early and reliable diagnosis of LC [227]. Thus, novel
and effective biomarkers are needed for early diagnosis and screening. Recent studies
revealed miR-1290 as a potential biomarker for the diagnosis, chemotherapy response, and
clinical outcome of LC patients. miR-1290 expression was increased in NSCLC tissues
compared with normal adjacent tissues, and it was positively correlated with tumor stage
and lymph node metastasis [131]. Additionally, serum miR-1290 levels were higher in
NSCLC patients compared with benign lung disease and healthy individuals. Furthermore,
high serum miR-1290 levels predicted shorter survival and miR-1290 was an independent
prognostic factor for patients with NSCLC [131]. Similarly, serum exosomal miR-1290 was
upregulated in both early- and advanced-stage patients with LADC compared with healthy
individuals [132]. In addition, increased levels of serum exosomal miR-1290 were indicated
to be tumor-derived because their level decreased after cancer resection. Importantly,
exosomal miR-1290 had better diagnostic efficacy than CEA, CYFRA 21-1 and NSE, with
an 80.0% sensitivity of and 96.7% specificity. Additionally, LADC patients with higher
expression of exosomal miR-1290 had significantly shorter progression-free survival (PFS)
and it was demonstrated that serum exosomal miR-1290 is an independent risk factor for
LADC prognosis [132]. Interestingly, the latest in vitro study revealed that the irradiation
of human bronchial epithelial cells with energetic heavy ions, representative of species
found in cosmic rays, stimulated the release of exosomes containing miRNAs involved in
cancer initiation and progression, including miR-1290 [228].

Recent studies showed a predictive role of miRNA for chemotherapy response in LC
patients [229]. Patients with NSCLC are usually treated with platinum-based chemotherapy,
but the response rates are low and no biomarkers that predict response are available.
The expression of three miRNAs (miR-1290, miR-196b, and miR-135a*) in LADC tissues
predicted a response to the platinum-based doublet chemotherapy in both the test and
validation cohort with high accuracy (82.5% and 77.8%, respectively) [230].

7.3. Female Cancers
7.3.1. Breast Cancer

Breast cancer (BC) is the most frequent malignant neoplasia in women with over
2.2 million new cases and about 685,000 deaths worldwide in 2020 [1]. BC is a hetero-
genic group of neoplastic diseases differing in their morphology, molecular pattern, and
prognosis, for that reason requiring personalized clinical management [231]. According to
molecular characteristics, BC was divided into five intrinsic subtypes. Estrogen receptor
(ER)-positive BCs include luminal A tumors—the most common and having the most
favorable prognosis—and luminal B tumors—exhibiting higher expression of Ki67 antigen
or human epidermal growth factor receptor 2 (HER2) and worse prognosis. Another HER2-
overexpressing subtype is more aggressive, ER- and progesterone receptor (PR)-negative,
and therefore not sensitive to hormonal therapy, but it can be treated with HER2-targeting
drugs such as trastuzumab. Basal-like BCs are predominantly TNBCs that do not express
ER, PR, and HER? and for that reason are not susceptible to both hormonal and anti-HER2
therapy, and usually are characterized by high proliferation rate and poor prognosis. The
normal BC, distinguished by a gene expression pattern similar to normal breast epithelium,
is a questionable subtype, because it is considered to be a normal cell contamination of a
low cancer cell content tumor [231,232]. Further molecular profiling with high-throughput
techniques resulted in several extensive and more precise classifications of BC, and one
of these alternative approaches is based on a miRNA expression pattern [233]. In spite
of comparable characteristics, these new subtypes can differ with clinical outcome; there-
fore, additional biomarkers for early BC diagnosis, treatment management and prognostic
purposes are still required.

Li et al. demonstrated that miR-1290 expression is significantly elevated in exosomes
from BC patients compared with healthy groups, but not in patients’ sera [234]. For
that reason, the authors concluded that exosomal miRNAs might not be equivalent to
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serum miRNAs and they have potential to become more valuable biomarkers for BC. This
finding was strengthened by the fact that exosomal miR-1290 expression was related to BC
progression and it was significantly higher in patients with more advanced stages and in
patients with lymph node metastases [234]. Additionally, a previous study by Hamam et al.
discovered upregulated plasma or serum miR-1290 in BC patients compared with healthy
individuals [235]. Further analysis revealed that its expression was elevated at lower stages,
indicating its usefulness in the early detection of BC. MiR-1290 levels increase especially in
HER2-positive and TNBC subtypes, which might be explained by the different molecular
patterns of BC [235]. The heterogeneity of miR-1290 expression seems to be confirmed
by another work where miR-1290 was found to be downregulated in HER2 negative,
ER-high, and Ki67-low BCs [236]. Moreover, its expression was significantly correlated
with tumor grading and inversely correlated with the expression of its putative targets,
N-acetyltransferase-1 (NAT1) and forkhead box Al (FOXA1), the presence of which is
specific for better outcomes for patients with luminal tumors [236]. Indeed, further in vitro
study proved that NAT1 is a direct target of miR-1290 in ER-positive BC cells. Moreover,
NAT1 was positively correlated with ER and PR expression, negatively correlated with
BC tumor grade and size, and associated with longer survival in BC patients treated with
tamoxifen and in patients with lymph node metastasis [237]. Interestingly, integrated
analysis indicated that miR-1290 was downregulated in TNBC; however, its expression was
correlated with poor prognosis, which suggests the high variability of miRNA expression
within this subtype [238]. The above conclusion was supported by a significant inverse
correlation of miR-1290 with FOXAL1, one of the highly upregulated genes in the analyzed
TNBC group. These findings suggest that miR-1290 may become a promising prognostic
marker for BC.

7.3.2. Cervical Cancer

Cervical cancer (CC) is the world’s most prevalent gynecological cancer, which caused
near 342,000 deaths in 2020 [1]. The main risk factor for CC is persistent infection with
oncogenic types of human papillomavirus (HPV), leading to almost all of the most common
squamous cell carcinomas and the majority of adenocarcinomas [239]. Such high-risk HPVs
such as HPV 16 or HPV 18 can drive the premalignant transformation of squamous cells to
cervical intraepithelial neoplasia (CIN) that in the long term may evolve into in situ and
then invasive carcinomas [240]. Among numerous genetic and epigenetic aberrations which
predispose individuals to the development of CC, a deregulated miRNA pattern seems
to be important for this process. In addition, the expression of at least several miRNAs
could be affected by HPV proteins, or conversely, altered miRNA expression may facilitate
the expression of viral proteins [241]. It was also suggested that HPV-induced chronic
inflammation, a pivotal process for CC carcinogenesis, may be mediated by miRNAs [242].

Among many deregulated miRNAs in CC, miR-1290 level was significantly elevated in
serum from CC patients compared with healthy individuals [133]. Additionally, miR-1290
was gradually increased from the control group, through low- to high-grade CIN, up to
the CC group. This association was observed for the CC stage as well, thus demonstrat-
ing the usefulness of miR-1290 as an early diagnostic marker [133]. MiR-1290 was also
overexpressed in CC cell lines after exposure to radiation, which led to enhanced cell
survival, highlighting its role as an oncogenic miR [243]. Because concurrent radiotherapy
is a standard treatment of locally advanced CC, miR-1290 has the potential to become a
valuable prognostic marker for predicting tumor response to radiotherapy, reinforcing the
routinely used evaluation of squamous cell carcinoma antigen [244]. Interestingly, in an
in vitro study, Yao et al. found miR-1290 promoter hypermethylation in three CC cell lines
with integrated HPV genomes but not in the CC cell line without HPV infection, which may
suggest that additional epigenetic regulatory mechanisms are engaged in the modulation
of miR-1290 expression in the presence of HPV [245]. However, the methylation status
of the miR-1290 promoter was not investigated in CC tissues nor compared with normal
cervical cells.
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Higher miR-1290 expression was also detected in plasma from endometrial cancer
(EC) patients compared with controls, but it was not correlated with clinicopathological
characteristics [134]. For that reason, the exact role of miR-1290 in EC needs to be verified
by further studies. It was shown that miR-1290 expression differs over the estrous cycle
in cows, which may indicate its importance in endometrial remodeling in response to
hormonal regulation [92].

7.3.3. Ovarian Cancer

Although the ovarian cancer (OC) worldwide incidence rate in 2020 was third among
all gynecological cancers, it has the highest mortality to incidence ratio among all of them [1].
This is mainly caused by the lack of specific symptoms at the early stages of OC and the
lack of effective screening methods. For that reason, patients are usually diagnosed at
advanced stages and despite the fact that most of them respond well to primary treatment,
disease recurrence is frequently observed [246]. Among the few histological types of OC,
the worst prognosis and the highest incidence rate are related to high-grade serous cancer
(HGSC), which could arise from fallopian tube or ovarian surface epithelium [247]. Other
OC histologic subtypes are low-grade serous tumors probably developing from borderline
tumors, endometrioid and clear cell carcinomas both originating from endometrial lesions,
and mucinous cancers of not well-defined origin. Besides epithelial neoplasms, up to 5%
of OCs comprise germ cell and sex-cord tumors, small cell carcinoma and sarcoma [246].
The routine diagnostic serum marker for OC is carbohydrate antigen 125 (CA125), which
is useful to evaluate response to treatment and disease relapse; however, its sensitivity at
early stages is very limited. Moreover, it may be elevated in the case of other states such
as endometriosis, benign cystadenomas, pregnancy, peritoneal inflammation or menstrua-
tion [248,249]. The novel and more specific marker is human epididymis protein 4 (HE4),
which is overexpressed in OCs, especially in the endometrioid subtype, but it has low
expression in the clear cell subtype [249]. Among many currently tested screening strategies
for the early detection of OC, one of the main areas of interest is based on circulating miR-
NAs. It was shown that an appropriate set of several miRNAs has the potential to become a
reliable biomarker for the early detection of OC, distinguishing OC from benign, borderline
tumors, and other cancers, staging determination, and even subtype classification [250].

A high serum level of miR-1290 appeared to be a useful marker for differentiation
between HGSC patients and healthy individuals [135]. Moreover, it allowed HGSC to be
distinguished from other histological subtypes of OC and its combination with CA-125
strongly elevated diagnostic accuracy for this most common OC subtype [135]. Many
patients with OC suffer from excessive fluid in the peritoneal cavity, which is usually
correlated with worse prognosis; therefore, it is reasonable to determine specific markers
also in ascites. Indeed, notably increased miR-1290 levels were observed in ascites from
patients with different subtypes of OC, especially at advanced stages, which indicates that
measurements of miRNAs in ascites may have higher prognostic relevancy than miRNAs
evaluated in patients’ blood [136]. Microarray analysis revealed the elevated expression of
miR-1290 in tissue samples of recurrent ovarian serous cystadenocarcinoma compared with
primary tumor samples [251] and in serous OC compared with control oviduct tissues [252].
On the other hand, there are also studies suggesting that miR-1290 in OC might act as a
tumor suppressor. Using an in vitro model, Lai and Cheng found that the direct inhibition
of miR-1290 or its sponging by IncRNA CCAT1 promotes the proliferative potential of two
OC cell lines, OVCAR-8 and SKOV-3 [253]. Interestingly, another study determined that a
high plasma level of miR-1290 in presurgical women with OC predicts favorable overall
survival independently from stage and age [254]. Unexpectedly, miR-1290 expression
decreased in OC patients after surgical treatment and chemotherapy, but also in long
survivors, which may suggest its oncogenic role in OC. However, the above conclusion
requires further investigation and the exact role of miR-1290 in OC remains unclear and
needs to be validated.
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7.4. Prostate Cancer

Prostate cancer (PrC) is the second leading cause of cancer-related death in men,
with over 190,000 new cases and over 33,000 deaths estimated in the United States in
2020 [215]. The 5-year relative survival rate for all PrC stages combined is high (98%) [215],
but many patients with advanced, or metastatic cancer, despite treatment, succumb to the
disease [255]. Surgery and radiation therapy are effective for early-stage PrC, but 30-40% of
patients will progress to advanced disease that is treated with androgen deprivation [256].
This therapy is initially efficient, but patients will eventually develop incurable castration-
resistant prostate cancer (CRPC) [256]. The molecular changes that drive prostate carcino-
genesis include the upregulation of anti-apoptotic BCL-2 and a carcinogen-detoxifying
enzyme GSTP1, and the downregulation of tumor suppressors such as NKX3.1, PTEN,
and CDKN1B at the proliferative inflammatory atrophy (PIA) stage [257]. The next events
include the dysregulation of ETS transcription factor, loss of NKX3.1, mutations of SPOP,
and TMPRSS2-ERG fusion at the prostatic intraepithelial neoplasia (PIN) stage. The PrC
stage is characterized by the activation of telomerase, overexpression of MYC, deletion
of tumor suppressors such as PTEN, CDKN1B, and loss of RB1 and TP53 [257]. The ac-
curacy of prostate-specific antigen (PSA) or clinical examination in the screening of PrC
is in question, and circulating miRNAs can become alternatives to PrC diagnosis [258].
New biomarkers are needed that will allow the detection of PrC at an early stage and
monitor disease progression. The measurements of exosomal miRNA in circulatory fluids
offer an attractive potential for predictive and prognostic biomarker development [259].
Initially, slightly reduced miR-1290 expression was detected in PrC tissues compared with
benign prostate hyperplasia (BPH) samples, and there was no difference in CRPC compared
with BPH [256]. In other study, a higher miR-1290 concentration was found in the serum
of men with PrC compared with BPH [260]. Similarly, miR-1290 expression in urinary
extracellular vesicles (UEVs) was significantly increased in the PrC patients compared
with BPH. However, miR-1290 isolated from UEVs had no prediction value for PrC [260].
Additionally, higher levels of circulating exosomal miR-1290 were associated with shorter
overall survival (OS) of patients with castration-resistant prostate cancer (CRPC) [259]. In
the latest study, the set of five circulating miRNAs coupled to miR-5100 and miR-1290
reached nearly 99% diagnostic performance for PrC and was superior to a recent 2-miRNA
model [258].

7.5. Head and Neck Cancers

Head and neck cancers include malignancies of nose, sinuses, oral cavity, pharynx,
and larynx.

7.5.1. Oral Cancer

Oral cancer is the most common cancer of the head and neck with over 7000 estimated
deaths in the United States in 2020 [215]. Oral squamous cell carcinoma (OSCC) is the major
subtype among oral cancers and it is an aggressive neoplasm that spreads to cervical lymph
nodes and distant organs [261]. The 5-year survival rates of oral cancer patients are about
50% due to late diagnosis [261]. Oral carcinogenesis is associated with tobacco consumption,
alcohol abuse or both and it is a multifactorial process occurring in epithelial cells that
are affected by different genetic alterations, including changes in EGFR, TP53, NOTCH]1,
CCND1, CDKN2A, STAT3, and RB [262]. There are no effective preventive measures for
OSCC; therefore, early diagnosis is crucial in the treatment of OSCC patients [261]. It was
discovered that circulating miR-1290 could be a biomarker for predicting the survival and
clinical response to chemoradiotherapy in patients with OSCC. A higher expression of
miR-1290 was found in OSCC tissues than that in normal tissues and it was associated
with shorter OS [261]. Moreover, the overexpression of miR-1290 enhanced migration,
invasion, and EMT in OSCC cells by targeting CCNG2 [261]. On the other hand, plasma
miR-1290 expression was lower in OSCC than that in healthy individuals and low miR-1290
levels were independently associated with shorter OS and PFS [137]. Similarly, plasma
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levels of miR-1290 were lower in OSCC patients than in the group of healthy volunteers
and low miR-1290 levels were present in patients with a poor pathological response for
preoperative chemoradiotherapy [138]. Additionally, lower circulating miR-1290 expression
was independently associated with shorter OS and DFS [138].

7.5.2. Laryngeal Cancer

Laryngeal cancer (LaC) is a common neoplasm of the head and neck with over 3700
estimated deaths in the United States in 2020 [215]. Despite therapy, the prognosis for LaC is
still poor due to lymphatic metastasis, and over the past 40 years the 5-year survival rate of
LaC has decreased to 30—40% for advanced disease [263]. Therefore, it is essential to identify
novel biomarkers that can predict prognosis and have therapeutic efficacy [264]. The most
common subtype of LaC is squamous cell carcinoma (LaSCC), representing around 95%
of cases [265]. Central factors participating in LaC development are smoking, alcohol
consumption, and HPV infection [265]. The development of LaC is a complex process
involving changes in many genes including miRNAs [266]. MiR-1290 was upregulated
in supraglottic LaSCC tissues compared with matched normal mucosa [264]. Similarly,
miR-1290 was overexpressed in the LaSCC cell lines and in the primary tumors compared
with non-malignant controls, and it was able to downregulate the expression of MAF,
a transcription regulator of epithelial cells differentiation and apoptosis, and ITPR2, a
regulator of cell apoptosis and senescence [267]. It was found that LaSCC cell line AMC-
HN-8 can release exosomes containing several miRNAs including miR-1290 [268] indicating
that miR-1290 may become a novel circulating biomarker for LaSCC.

7.6. Cutaneous Cancer

Most skin cancers (SC) are nonmelanomatous (SC that originate from keratinized
epithelial cells), including the most common squamous cell carcinoma (SCC) [269]. The
most common risk factor for SC is exposure to ultraviolet radiation (UVR) and the incidence
of SC is increasing as a result of increased exposure to sunlight [270]. UVR causes DNA
damage and the development of mutations, inflammation, defective activity of the immune
system, and oxidative stress [270]. The genetic landscape of cutaneous SCC (CSCC) includes
the alterations of tumor-suppressor genes such as TP53, CDKN2A, NOTCH1, NOTHC2, and
p16; epigenetic regulators including ARID2, CREBBP, KMTC2, KMT2A, SETD2, and TET?2;
and mutations in DNA repair pathways and in TGF-f3 receptors. Additionally, several
miRNAs are upregulated or downregulated in CSCC, including miRNA-21, -34a, -124,
-125b, -148a, -181a, -199a, -205, and -214 [270].

MiR-1290 was found to be upregulated in CSCC tissues compared with healthy skin
and its expression was increased in the supernatants of different CSCC cell lines compared
with cultured primary keratinocytes [271]. Importantly, miR-1290 serum levels were higher
in CSCC patients compared with healthy controls. The upregulation of miR-1290 both in
CSCC tissues and in serum suggests that the dysregulation of this miRNA in CSCC tissue
might be reflected in the serum of patients with highly differentiated CSCCs and without
advanced disease. Therefore, the quantification of miR-1290 in serum may become a tool
for the identification of CSCC recurrence and metastasis [271].

7.7. Brain Cancer

Brain and other tumors of the nervous system were the leading cause of cancer death in
2017 among young patients (men younger than 40 years and women younger than 20 years)
with over 18,020 estimated deaths in 2020 in the United States [215]. Malignant gliomas are
aggressive primary brain tumors associated with low quality of life, and increasing relapse
and mortality [272]. The OS for patients with high-grade gliomas rarely exceeds 13 months,
and the survival of patients with low-grade gliomas is about 5 years. Therefore, it is crucial
to discover new biomarkers of the propagation and metastasis of gliomas. The strong
invasive potential of malignant gliomas hinders the effect of treatment, and the molecular
alterations that drive gliomas’ carcinogenesis process remain unclear [272]. The common
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molecular changes discovered in gliomas include mutations of IDH1, IDH2, TP53, RB, PTEN,
PIK3CA, PIK3R1, NF1, ATRX, and TERT-promoter, amplifications of EGFR, PDGFRA, CDK4,
CDK6, MDM2, MDM4, and MET, gain of chromosome 7, loss of chromosome 10, deletions
of 9p21 involving CDKN2A and CDKN2B, deletion of 19q, KIAA11549-BRAF fusion, the
upregulation of forkhead box protein M1 gene (FOXM]1), the activation of E2F2-dependent
cell cycle progression, the activation of MYC expression, aberrant histone and DNA and
methylation, and the epigenetic silencing of genes encoding transcription factors regulated
by the polycomb repressive complex 2 [273]. Higher miR-1290 expression was discovered
in glioma tissues compared with normal brain samples, and in glioma cell lines compared
with normal human glial cells [272]. MiR-1290 promoted the proliferation, migration, and
invasion of glioma cells in vitro, and enhanced tumor growth in nude mice. Furthermore,
miR-1290 targeted and downregulated the LHX6 tumor suppressor that inhibits cancer
progression through the inhibition of the Wnt/ 3-catenin pathway [272]. Additionally, miR-
1290 increased proliferation, migration, invasion, and resistance to chemo-radiation in the
glioblastoma (a high-grade glioma) cells by the suppression of its target SOCS4, a member of
the SOCS family cytokine-inducible negative regulators [274]. Furthermore, the suppression
of miR-1290 increased apoptosis and sensitivity to chemotherapy drugs, suggesting that
miR-1290 may become a new target for the clinical therapy of glioblastoma [274]. MiR-1290
was upregulated in glioma tissues compared with normal brain samples and it suppressed
the FBXWY7 tumor suppressor [275]. Another study showed that miR-1290 promotes
a malignant phenotype of glioma cells by targeting the RORA tumor suppressor [276].
Interestingly, miR-1290 was upregulated in exosomes released by glioma stem cells (GSCs)
compared with exosomes from normal neural stem cells (NSCs), and exosomes secreted
by GSCs influenced the gene expression in receiving NSCs, including genes with a role in
tumorigenesis [277]. The findings of these studies provide new insights into the possible
functions of the exosomes in the regulation of normal cell behavior, and suggest the
diagnostic or prognostic value of miR-1290 in gliomas.

7.8. Leukemia

Leukemia is the second leading cause of cancer death among young patients (men
younger than 40 years and women younger than 20 years) with over 23,000 estimated
deaths in 2020 in the United States [215]. Acute lymphoblastic leukemia (ALL) is a common
childhood hematologic malignancy with a 5-year event-free survival (EFS) of 63-83% in
pediatric cases, and 40% in adult patients [278]. Numerous patients with ALL suffer
from the adverse effects caused by conventional chemotherapy and die from relapsed
disease [278]. Large-scale genomic studies identified recurrent genomic changes enriched
in relapsed ALL such as CREBBP, IKZF1, NT5C2, PRPS1, SETD2, TP53 [279]. Some of these
genetic alterations are associated with resistance to therapy, e.g., mutations in CREBBP and
IKZF1 with glucocorticoid resistance, and mutations in PRPS1 and NT5C2 with thiopurine
treatment [279]. Therefore, novel treatment strategies are needed to improve the clinical
outcome of patients with ALL. Resveratrol, a natural polyphenol, inhibited proliferation
and migration, and induced cell cycle arrest and apoptosis in a B-cell ALL (B-ALL) cell line
by decreasing the overexpression of miR-1290 [278]. Moreover, high miR-1290 expression
in bone marrow aspirates predicted shorter relapse-free survival (RFS) in pediatric patients
with B-ALL [280].

7.9. Conjunctival Melanoma

Conjunctival melanoma (CM) is a rare ocular malignancy with an approximately
30% 10-year mortality rate [281]. Genetic studies have identified mutations in the BRAF,
NF1, NRAS, KIT, and in the TERT genes promoters suggesting a close relation of CM with
skin melanoma rather than with uveal melanoma. There is an urgent need to discover
novel biomarkers that may predict the clinical course of the CM. Interestingly, hsa-miR-
1290 was downregulated in tissues of primary CM with metastatic spread compared with
nonmetastatic tumors [281].
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8. Conclusions and Future Perspectives

The ever-increasing number of published findings unquestionably points to the role
of miR-1290 in the pathogenesis of different types of cancer. The deregulated expression
of miR-1290 promotes tumor initiation, growth, survival, angiogenesis and metastasis. In
addition to the current knowledge of tumorigenesis, it was also confirmed that miR-1290
is a useful biomarker for cancer diagnosis and tumor staging, and it may also serve as
a predictor of cancer treatment, disease recurrence, and patient outcome. For the above
reasons, using miR-1290 as a marker in routine clinical practice is a huge challenge in
the future. Despite numerous promising reports, fundamental issues should be resolved
before the future implementation of this powerful marker in medical diagnostics. The
major limitation in the utility of miR-1290 is the selection of the most appropriate type
of sample obtained from the patient. It is still not clarified whether the best choice for
assessing and monitoring the expression of miR-1290 is tissue samples, blood samples or
exosomes isolated from the blood. Last but not least, another issue is the diverse function
of miR-1290 in different types of cancers. Although in the vast majority of studies, it exerts
an oncogenic function, several reports confirm its tumor-suppressive role. In order to
overcome these problems, further investigations are needed to clarify the biological role of
miR-1290 in different neoplasms and to introduce it as a biomarker used in clinical practice
in the near future.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/10
.3390/ijms23031234/5s1.

Author Contributions: Conceptualization, M.G.,W.J., M.C.; resources, M.G., W.J., M.C.; writing-
original draft preparation, M.G., W.J., M.C,; visualization, M.G., W.].; supervision M.C.; funding
acquisition M.G., WJ. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Medical University of Lublin, grant number DS440/2021-2022.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created and analyzed in this manuscript. Data
sharing is not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

@

N oG

S

10.

11.

12.

Sung, H.; Ferlay, |J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2021, 71, 209-249. [CrossRef]
[PubMed]

Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer Statistics, 2021. CA Cancer |. Clin. 2021, 71, 7-33. [CrossRef] [PubMed]
Hanahan, D.; Weinberg, R.A. Hallmarks of cancer: An organizing principle for cancer medicine. In DeVita, Hellman, and Rosenberg’s
Cancer: Principles & Practice of Oncology, 11th ed.; Wolters Kluwer: Philadelphia, PA, USA, 2018; pp. 44-66. ISBN 9781496394644.
Hanahan, D.; Weinberg, R.A. Hallmarks of cancer: The next generation. Cell 2011, 144, 646—-674. [CrossRef] [PubMed]
Darwiche, N. Epigenetic mechanisms and the hallmarks of cancer: An intimate affair. Am. J. Cancer Res. 2020, 10, 1954-1978.
Senga, S.S.; Grose, R.P. Hallmarks of cancer—The new testament. Open Biol. 2021, 11, 200358. [CrossRef]

Roberti, A.; Valdes, A.F,; Torrecillas, R.; Fraga, M.F,; Fernandez, A.F. Epigenetics in cancer therapy and nanomedicine. Clin.
Epigenetics 2019, 11, 81. [CrossRef]

Ralston, A. Gene Expression Regulates Cell Differentiation. Nat. Educ. 2008, 1, 127-131.

Kagohara, L.T.; Stein-O’Brien, G.L.; Kelley, D.; Flam, E.; Wick, H.C.; Danilova, L.V,; Easwaran, H.; Favorov, A.V,; Qian, J;
Gaykalova, D.A; et al. Epigenetic regulation of gene expression in cancer: Techniques, resources and analysis. Brief. Funct.
Genom. 2018, 17, 49-63. [CrossRef]

Cheng, Y.; He, C.; Wang, M.; Ma, X,; Mo, E; Yang, S.; Han, ]J.; Wei, X. Targeting epigenetic regulators for cancer therapy:
Mechanisms and advances in clinical trials. Signal Transduct. Target. Ther. 2019, 4, 62. [CrossRef]

Lao, T.D.; Huyen Le, T.A. MicroRNAs: Biogenesis, functions and potential biomarkers for early screening, prognosis and
therapeutic molecular monitoring of nasopharyngeal carcinoma. Processes 2020, 8, 966. [CrossRef]

Zhao, C; Sun, X; Li, L. Biogenesis and function of extracellular miRNAs. ExRNA 2019, 1, 387. [CrossRef]


https://www.mdpi.com/article/10.3390/ijms23031234/s1
https://www.mdpi.com/article/10.3390/ijms23031234/s1
http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.3322/caac.21654
http://www.ncbi.nlm.nih.gov/pubmed/33433946
http://doi.org/10.1016/j.cell.2011.02.013
http://www.ncbi.nlm.nih.gov/pubmed/21376230
http://doi.org/10.1098/rsob.200358
http://doi.org/10.1186/s13148-019-0675-4
http://doi.org/10.1093/bfgp/elx018
http://doi.org/10.1038/s41392-019-0095-0
http://doi.org/10.3390/pr8080966
http://doi.org/10.1186/s41544-019-0039-4

Int. J. Mol. Sci. 2022, 23,1234 24 of 34

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

Treiber, T.; Treiber, N.; Meister, G. Regulation of microRNA biogenesis and its crosstalk with other cellular pathways. Nat. Rev.
Mol. Cell Biol. 2019, 20, 5-20. [CrossRef]

O’Brien, J.; Hayder, H.; Zayed, Y.; Peng, C. Overview of microRNA biogenesis, mechanisms of actions, and circulation. Front.
Endocrinol. 2018, 9, 402. [CrossRef] [PubMed]

Khuu, C; Utheim, T.P; Sehic, A. The Three Paralogous MicroRNA Clusters in Development and Disease, miR-17-92, miR-106a-363,
and miR-106b-25. Scientifica 2016, 2016, 1379643. [CrossRef] [PubMed]

Naruse, K.; Matsuura-Suzuki, E.; Watanabe, M.; Iwasaki, S.; Tomari, Y. In vitro reconstitution of chaperone-mediated human
RISC assembly. RNA 2018, 24, 6-11. [CrossRef]

Stroynowska-Czerwinska, A.; Fiszer, A.; Krzyzosiak, W.J. The panorama of miRNA-mediated mechanisms in mammalian cells.
Cell. Mol. Life Sci. 2014, 71, 2253-2270. [CrossRef] [PubMed]

Biasini, A.; Abdulkarim, B.; Pretis, S.; Tan, ].Y.; Arora, R.; Wischnewski, H.; Dreos, R.; Pelizzola, M.; Ciaudo, C.; Marques, A.C.
Translation is required for miRNA-dependent decay of endogenous transcripts. EMBO J. 2021, 40, e104569. [CrossRef]

Jonas, S.; Izaurralde, E. Towards a molecular understanding of microRNA-mediated gene silencing. Nat. Rev. Genet. 2015, 16,
421-433. [CrossRef]

Wilczynska, A.; Bushell, M. The complexity of miRNA-mediated repression. Cell Death Differ. 2015, 22, 22-33. [CrossRef]

Chen, C.Y.A,; Zheng, D.; Xia, Z.; Shyu, A. Bin Ago-TNRC6 triggers microRNA-mediated decay by promoting two deadenylation
steps. Nat. Struct. Mol. Biol. 2009, 16, 1160-1166. [CrossRef]

Rouya, C.; Siddiqui, N.; Morita, M.; Duchaine, T.E; Fabian, M.R.; Sonenberg, N. Human DDX6 effects miRNA-mediated gene
silencing via direct binding to CNOT1. RNA 2014, 20, 1398-1409. [CrossRef] [PubMed]

Tenekeci, U.; Poppe, M.; Beuerlein, K.; Buro, C.; Miiller, H.; Weiser, H.; Kettner-Buhrow, D.; Porada, K.; Newel, D.; Xu, M.; et al.
K63-Ubiquitylation and TRAF6 Pathways Regulate Mammalian P-Body Formation and mRNA Decapping. Mol. Cell 2016, 62,
943-957. [CrossRef] [PubMed]

Shah, M.Y,; Ferrajoli, A.; Sood, A.K.; Lopez-Berestein, G.; Calin, G.A. microRNA Therapeutics in Cancer—An Emerging Concept.
EBioMedicine 2016, 12, 34-42. [CrossRef] [PubMed]

Zhou, K,; Liu, M,; Cao, Y. New insight into microRNA functions in cancer: Oncogene-microRNA-tumor suppressor gene network.
Front. Mol. Biosci. 2017, 4, 46. [CrossRef] [PubMed]

Svoronos, A.A.; Engelman, D.M.; Slack, FJ. OncomiR or tumor suppressor? The duplicity of MicroRNAs in cancer. Cancer Res.
2016, 76, 3666-3670. [CrossRef] [PubMed]

Anfossi, S.; Fu, X.; Nagvekar, R.; Calin, G.A. MicroRNAs, regulatory messengers inside and outside cancer cells. In Advances in
Experimental Medicine and Biology Series: Exosomes, Stem Cells and MicroRNA; Springer: Cham, Switzerland, 2018; Volume 1056,
pp. 87-108. [CrossRef]

Lin, S.; Gregory, R.I. MicroRNA biogenesis pathways in cancer. Nat. Rev. Cancer 2015, 15, 321-333. [CrossRef]

Syeda, Z.A.; Langden, S.S.S.; Munkhzul, C.; Lee, M.; Song, S.J. Regulatory mechanism of microrna expression in cancer. Int. J.
Mol. Sci. 2020, 21, 1723. [CrossRef]

Stavast, C.J.; Erkeland, S.J. The Non-Canonical Aspects of MicroRNAs: Many Roads to Gene Regulation. Cells 2019, 8, 1465.
[CrossRef]

Ruby, ].G.; Jan, C.H.; Bartel, D.P. Intronic microRNA precursors that bypass Drosha processing. Nature 2007, 448, 83-86. [CrossRef]
Xie, M.; Li, M,; Vilborg, A.; Lee, N.; Shu, M.-D.; Yartseva, V., Sestan, N.; Steitz, J.A. Mammalian 5’ -capped microRNA precursors
that generate a single microRNA. Cell 2013, 155, 1568-1580. [CrossRef]

Havens, M.A_; Reich, A.A.; Duelli, D.M.; Hastings, M.L. Biogenesis of mammalian microRNAs by a non-canonical processing
pathway. Nucleic Acids Res. 2012, 40, 4626-4640. [CrossRef]

Ahmad, J.; Hasnain, S.E.; Siddiqui, M.A.; Ahamed, M.; Musarrat, J.; Al-Khedhairy, A.A. MicroRNA in carcinogenesis & cancer
diagnostics: A new paradigm. Indian J. Med. Res. 2013, 137, 680—-694. [PubMed]

Yang, J.S.; Maurin, T.; Lai, E.C. Functional parameters of Dicer-independent microRNA biogenesis. RNA 2012, 18, 945-957.
[CrossRef] [PubMed]

Yi, T.; Arthanari, H.; Akabayov, B.; Song, H.; Papadopoulos, E.; Qi, H.H.; Jedrychowski, M.; Giittler, T.; Guo, C.; Luna, R.E.; et al.
EIF1A augments Ago2-mediated Dicer-independent miRNA biogenesis and RNA interference. Nat. Commun. 2015, 6, 7194.
[CrossRef]

Macias, S.; Cordiner, R.A.; Gautier, P.; Plass, M.; Caceres, ]. E. DGCR8 Acts as an Adaptor for the Exosome Complex to Degrade
Double-Stranded Structured RNAs. Mol. Cell 2015, 60, 873-885. [CrossRef] [PubMed]

Rnas, D.; Babiarz, ].E.; Ruby, ].G.; Wang, Y.; Bartel, D.P; Blelloch, R. Mouse ES cells express endogenous shRNAs, siRNAs, and
other. Genes Dev. 2008, 22, 2773-2785.

Zhang, Y,; Deng, Q.; Tu, L.; Lv, D.; Liu, D. TRNA-derived small RNAs: A novel class of small RNAs in human hypertrophic scar
fibroblasts. Int. J. Mol. Med. 2020, 45, 115-130. [CrossRef]

Li, S.;; Xu, Z.; Sheng, J. tRNA-derived small RNA: A novel regulatory small non-coding RNA. Genes 2018, 9, 246. [CrossRef]
Anderson, P; Ivanov, P. TRNA fragments in human health and disease. FEBS Lett. 2014, 588, 4297-4304. [CrossRef]

Rubio, M.; Bustamante, M.; Hernandez-Ferrer, C.; Fernandez-Orth, D.; Pantano, L.; Sarria, Y.; Piqué-Borras, M.; Vellve, K,;
Agramunt, S.; Carreras, R.; et al. Circulating miRNAs, isomiRs and small RNA clusters in human plasma and breast milk. PLoS
ONE 2018, 13, €0193527. [CrossRef]


http://doi.org/10.1038/s41580-018-0059-1
http://doi.org/10.3389/fendo.2018.00402
http://www.ncbi.nlm.nih.gov/pubmed/30123182
http://doi.org/10.1155/2016/1379643
http://www.ncbi.nlm.nih.gov/pubmed/27127675
http://doi.org/10.1261/rna.063891.117
http://doi.org/10.1007/s00018-013-1551-6
http://www.ncbi.nlm.nih.gov/pubmed/24468964
http://doi.org/10.15252/embj.2020104569
http://doi.org/10.1038/nrg3965
http://doi.org/10.1038/cdd.2014.112
http://doi.org/10.1038/nsmb.1709
http://doi.org/10.1261/rna.045302.114
http://www.ncbi.nlm.nih.gov/pubmed/25035296
http://doi.org/10.1016/j.molcel.2016.05.017
http://www.ncbi.nlm.nih.gov/pubmed/27315556
http://doi.org/10.1016/j.ebiom.2016.09.017
http://www.ncbi.nlm.nih.gov/pubmed/27720213
http://doi.org/10.3389/fmolb.2017.00046
http://www.ncbi.nlm.nih.gov/pubmed/28736730
http://doi.org/10.1158/0008-5472.CAN-16-0359
http://www.ncbi.nlm.nih.gov/pubmed/27325641
http://doi.org/10.1007/978-3-319-74470-4_6
http://doi.org/10.1038/nrc3932
http://doi.org/10.3390/ijms21051723
http://doi.org/10.3390/cells8111465
http://doi.org/10.1038/nature05983
http://doi.org/10.1016/j.cell.2013.11.027
http://doi.org/10.1093/nar/gks026
http://www.ncbi.nlm.nih.gov/pubmed/23703335
http://doi.org/10.1261/rna.032938.112
http://www.ncbi.nlm.nih.gov/pubmed/22461413
http://doi.org/10.1038/ncomms8194
http://doi.org/10.1016/j.molcel.2015.11.011
http://www.ncbi.nlm.nih.gov/pubmed/26687677
http://doi.org/10.3892/ijmm.2019.4411
http://doi.org/10.3390/genes9050246
http://doi.org/10.1016/j.febslet.2014.09.001
http://doi.org/10.1371/journal.pone.0193527

Int. J. Mol. Sci. 2022, 23,1234 25 of 34

43.

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Cui, M.; Wang, H.; Yao, X.; Zhang, D.; Xie, Y.; Cui, R.; Zhang, X. Circulating MicroRNAs in Cancer: Potential and Challenge.
Front. Genet. 2019, 10, 626. [CrossRef] [PubMed]

Piao, X.M.; Cha, E.J.; Yun, S.J.; Kim, W]. Role of exosomal miRNA in bladder cancer: A promising liquid biopsy biomarker. Int. J.
Mol. Sci. 2021, 22, 1713. [CrossRef] [PubMed]

Sohel, M.H. Extracellular/Circulating MicroRNAs: Release Mechanisms, Functions and Challenges. Achiev. Life Sci. 2016, 10,
175-186. [CrossRef]

Desgagné, V.; Bouchard, L.; Guérin, R. MicroRNAs in lipoprotein and lipid metabolism: From biological function to clinical
application. Clin. Chem. Lab. Med. 2017, 55, 667-686. [CrossRef]

Felekkis, K.; Papaneophytou, C. Challenges in using circulating micro-rnas as biomarkers for cardiovascular diseases. Int. J. Mol.
Sci. 2020, 21, 561. [CrossRef] [PubMed]

Kamal, N.N.S.B.N.M.; Shahidan, W.N.S. Non-exosomal and exosomal circulatory MicroRNAs: Which are more valid as biomark-
ers? Front. Pharmacol. 2020, 10, 1500. [CrossRef]

Cheung, A.H.K.; Chow, C.; To, K.F. Latest development of liquid biopsy. J. Thorac. Dis. 2018, 10, S1645-S1651. [CrossRef]
Janiszewska, M. The microcosmos of intratumor heterogeneity: The space-time of cancer evolution. Oncogene 2020, 39, 2031-2039.
[CrossRef]

Wang, H.; Peng, R.; Wang, J.; Qin, Z.; Xue, L. Circulating microRNAs as potential cancer biomarkers: The advantage and
disadvantage. Clin. Epigenetics 2018, 10, 59. [CrossRef]

Fan, T.; Mao, Y.; Sun, Q.; Liu, F; Lin, J.S,; Liu, Y.; Cui, J.; Jiang, Y. Branched rolling circle amplification method for measuring
serum circulating microRNA levels for early breast cancer detection. Cancer Sci. 2018, 109, 2897-2906. [CrossRef]

Usuba, W.; Urabe, E.; Yamamoto, Y.; Matsuzaki, J.; Sasaki, H.; Ichikawa, M.; Takizawa, S.; Aoki, Y.; Niida, S.; Kato, K.; et al.
Circulating miRNA panels for specific and early detection in bladder cancer. Cancer Sci. 2019, 110, 408-419. [CrossRef] [PubMed]
Shen, Y,; Ding, Y.; Ma, Q.; Zhao, L.; Guo, X,; Shao, Y.; Niu, C.; He, Y.; Zhang, F.; Zheng, D.; et al. Identification of novel
circulating miRNA biomarkers for the diagnosis of esophageal squamous cell carcinoma and squamous dysplasia. Cancer
Epidemiol. Biomarkers Prev. 2019, 28, 1212-1220. [CrossRef] [PubMed]

Yersal, O.; Barutca, S. Biological subtypes of breast cancer: Prognostic and therapeutic implications. World J. Clin. Oncol. 2014, 5, 412.
[CrossRef] [PubMed]

Eichelser, C.; Sttickrath, I.; Miiller, V.; Milde-Langosch, K.; Wikman, H.; Pantel, K.; Schwarzenbach, H. Increased serum levels
of circulating exosomal microRNA-373 in receptor-negative breast cancer patients. Oncotarget 2014, 5, 9650-9663. [CrossRef]
[PubMed]

Bonneau, E.; Neveu, B.; Kostantin, E.; Tsongalis, G.J.; De Guire, V. How close are miRNAs from clinical practice? A perspective
on the diagnostic and therapeutic market. Electron. J. Int. Fed. Clin. Chem. Lab. Med. 2019, 30, 114-127.

Tiberio, P,; Callari, M.; Angeloni, V.; Daidone, M.G.; Appierto, V. Challenges in using circulating miRINAs as cancer biomarkers.
Biomed Res. Int. 2015, 2015, 731479. [CrossRef]

Xu, W,; Zhou, Y.; Xu, G.; Geng, B.; Cui, Q. Transcriptome analysis reveals non-identical microRNA profiles between arterial and
venous plasma. Oncotarget 2017, 8, 28471-28480. [CrossRef]

Jin, L.; Li, M.; Wang, H.; Yin, Z.; Chen, L.; Zhou, Y;; Han, Y.; Cui, Q.; Zhou, Y.; Xue, L. Transcriptome analysis of arterial and
venous circulating miRNAs during hypertension. Sci. Rep. 2021, 11, 3469. [CrossRef]

Mitchell, PS.; Parkin, R.K.; Kroh, E.M.; Fritz, B.R.; Wyman, S.K.; Pogosova-Agadjanyan, E.L.; Peterson, A.; Noteboom, J.; O’Briant,
K.C,; Allen, A ; et al. Circulating microRNAs as stable blood-based markers for cancer detection. Proc. Natl. Acad. Sci. USA 2008,
105, 10513-10518. [CrossRef]

McDonald, ].S.; Milosevic, D.; Reddi, H.V.; Grebe, S.K.; Algeciras-Schimnich, A. Analysis of circulating microRNA: Preanalytical
and analytical challenges. Clin. Chem. 2011, 57, 833-840. [CrossRef]

Wang, K.; Yuan, Y.; Cho, ].H.; McClarty, S.; Baxter, D.; Galas, D.]. Comparing the MicroRNA spectrum between serum and plasma.
PLoS ONE 2012, 7, e41561. [CrossRef] [PubMed]

Mompeon, A.; Ortega-Paz, L.; Vidal-Gomez, X.; Costa, T.].; Pérez-Cremades, D.; Garcia-Blas, S.; Brugaletta, S.; Sanchis, J.; Sabate,
M.; Novella, S.; et al. Disparate miRNA expression in serum and plasma of patients with acute myocardial infarction: A systematic
and paired comparative analysis. Sci. Rep. 2020, 10, 5373. [CrossRef] [PubMed]

Mussbacher, M.; Krammer, T.L.; Heber, S.; Schrottmaier, W.C.; Zeibig, S.; Holthoff, H.P.; Pereyra, D.; Starlinger, P.; Hackl, M.;
Assinger, A. Impact of Anticoagulation and Sample Processing on the Quantification of Human Blood-Derived microRNA
Signatures. Cells 2020, 9, 1915. [CrossRef] [PubMed]

Blondal, T.; Jensby Nielsen, S.; Baker, A.; Andreasen, D.; Mouritzen, P.; Wrang Teilum, M.; Dahlsveen, LK. Assessing sample and
miRNA profile quality in serum and plasma or other biofluids. Methods 2013, 59, S1-S6. [CrossRef]

Faraldi, M.; Gomarasca, M.; Sansoni, V.; Perego, S.; Banfi, G.; Lombardi, G. Normalization strategies differently affect circulating
miRNA profile associated with the training status. Sci. Rep. 2019, 9, 1584. [CrossRef] [PubMed]

Zhao, D. Single nucleotide alterations in MicroRNAs and human cancer-A not fully explored field. Non-Coding RNA Res. 2020, 5,
27-31. [CrossRef]

Noren Hooten, N.; Fitzpatrick, M.; Wood, WH.; De, S.; Ejiogu, N.; Zhang, Y.; Mattison, J.A.; Becker, K.G.; Zonderman, A.B,;
Evans, M.K. Age-related changes in microRNA levels in serum. Aging 2013, 5, 725-740. [CrossRef]


http://doi.org/10.3389/fgene.2019.00626
http://www.ncbi.nlm.nih.gov/pubmed/31379918
http://doi.org/10.3390/ijms22041713
http://www.ncbi.nlm.nih.gov/pubmed/33567779
http://doi.org/10.1016/j.als.2016.11.007
http://doi.org/10.1515/cclm-2016-0575
http://doi.org/10.3390/ijms21020561
http://www.ncbi.nlm.nih.gov/pubmed/31952319
http://doi.org/10.3389/fphar.2019.01500
http://doi.org/10.21037/jtd.2018.04.68
http://doi.org/10.1038/s41388-019-1127-5
http://doi.org/10.1186/s13148-018-0492-1
http://doi.org/10.1111/cas.13725
http://doi.org/10.1111/cas.13856
http://www.ncbi.nlm.nih.gov/pubmed/30382619
http://doi.org/10.1158/1055-9965.EPI-18-1199
http://www.ncbi.nlm.nih.gov/pubmed/30988139
http://doi.org/10.5306/wjco.v5.i3.412
http://www.ncbi.nlm.nih.gov/pubmed/25114856
http://doi.org/10.18632/oncotarget.2520
http://www.ncbi.nlm.nih.gov/pubmed/25333260
http://doi.org/10.1155/2015/731479
http://doi.org/10.18632/oncotarget.15310
http://doi.org/10.1038/s41598-021-82979-7
http://doi.org/10.1073/pnas.0804549105
http://doi.org/10.1373/clinchem.2010.157198
http://doi.org/10.1371/journal.pone.0041561
http://www.ncbi.nlm.nih.gov/pubmed/22859996
http://doi.org/10.1038/s41598-020-61507-z
http://www.ncbi.nlm.nih.gov/pubmed/32214121
http://doi.org/10.3390/cells9081915
http://www.ncbi.nlm.nih.gov/pubmed/32824700
http://doi.org/10.1016/j.ymeth.2012.09.015
http://doi.org/10.1038/s41598-019-38505-x
http://www.ncbi.nlm.nih.gov/pubmed/30733582
http://doi.org/10.1016/j.ncrna.2020.02.003
http://doi.org/10.18632/aging.100603

Int. J. Mol. Sci. 2022, 23,1234 26 of 34

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Duttagupta, R.; Jiang, R.; Gollub, J.; Getts, R.C.; Jones, KW. Impact of cellular miRNAs on circulating miRNA biomarker
signatures. PLoS ONE 2011, 6, €20769. [CrossRef] [PubMed]

Chang, X.; Li, S.; Li, J.; Yin, L.; Zhou, T.; Zhang, C.; Chen, X.; Sun, K. Ethnic differences in microRNA-375 expression level and
DNA methylation status in type 2 diabetes of Han and Kazak populations. J. Diabetes Res. 2014, 2014, 761938. [CrossRef]
Dluzen, D.F,; Noren Hooten, N.; Zhang, Y.; Kim, Y.; Glover, FE.; Tajuddin, S.M.; Jacob, K.D.; Zonderman, A.B.; Evans, M.K. Racial
differences in microRNA and gene expression in hypertensive women. Sci. Rep. 2016, 6, 35815. [CrossRef]

Searles, C.D.; Weber, M.; Baker, M.B.; Patel, R.S.; Quyyumi, A.A.; Bao, G. MicroRNA expression profile in CAD patients and the
impact of ACEI/ARB. Cardiol. Res. Pract. 2011, 2011, 532915. [CrossRef]

Dong, Z.; Jiang, H.; Jian, X.; Zhang, W. Change of miRNA expression profiles in patients with knee osteoarthritis before and after
celecoxib treatment. J. Clin. Lab. Anal. 2019, 33, €22648. [CrossRef] [PubMed]

Ferrero, G.; Carpi, S.; Polini, B.; Pardini, B.; Nieri, P.; Impeduglia, A.; Grioni, S.; Tarallo, S.; Naccarati, A. Intake of natural
compounds and circulating microrna expression levels: Their relationship investigated in healthy subjects with different dietary
habits. Front. Pharmacol. 2021, 11, 2214. [CrossRef] [PubMed]

Cadieux, Z.; Lewis, H.; Esquela-Kerscher, A. Role of Nutrition, the Epigenome, and MicroRNAs in Cancer Pathogenesis. In RSC
Drug Discovery Series: MicroRNAs in Diseases and Disorders: Emerging Therapeutic Targets; Royal Society of Chemistry: London, UK,
2019; pp. 1-35. [CrossRef]

Macdonald-Ramos, K.; Martinez-Ibarra, A.; Monroy, A.; Miranda-Rios, J.; Cerbén, M. Effect of dietary fatty acids on microrna
expression related to metabolic disorders and inflammation in human and animal trials. Nutrients 2021, 13, 1830. [CrossRef]

Li, E; Bai, M.; Xu, J.; Zhu, L.; Liu, C.; Duan, R. Long-Term Exercise Alters the Profiles of Circulating Micro-RNAs in the Plasma of
Young Women. Front. Physiol. 2020, 11, 372. [CrossRef]

Kuji, T.; Sugasawa, T.; Fujita, S.; Ono, S.; Kawakami, Y.; Takekoshi, K. A Pilot Study of miRNA Expression Profile as a Liquid
Biopsy for Full-Marathon Participants. Sports 2021, 9, 134. [CrossRef]

Liu, H,; Xu, W,; Feng, J.; Ma, H.; Zhang, J.; Xie, X.; Zhuang, D.; Shen, W.; Liu, H.; Zhou, W. Increased Expression of Plasma
miRNA-320a and let-7b-5p in Heroin-Dependent Patients and Its Clinical Significance. Front. Psychiatry 2021, 12, 679206.
[CrossRef]

Ignacio, C.; Hicks, S.D.; Burke, P,; Lewis, L.; Szombathyne-Meszaros, Z.; Middleton, F.A. Alterations in serum microRNA in
humans with alcohol use disorders impact cell proliferation and cell death pathways and predict structural and functional
changes in brain. BMIC Neurosci. 2015, 16, 55. [CrossRef]

Ibafiez, F,; Urefia-Peralta, J.R.; Costa-Alba, P.; Torres, J.L.; Laso, EJ.; Marcos, M.; Guerri, C.; Pascual, M. Circulating micrornas in
extracellular vesicles as potential biomarkers of alcohol-induced neuroinflammation in adolescence: Gender differences. Int. J.
Mol. Sci. 2020, 21, 6730. [CrossRef]

Huang, J.; Wu, J; Li, Y; Li, X;; Yang, T.; Yang, Q.; Jiang, Y. Deregulation of serum MicroRNA expression is associated with
cigarette smoking and lung cancer. Biomed Res. Int. 2014, 2014, 344316. [CrossRef]

Takahashi, K.; Yokota, S.-I.; Tatsumi, N.; Fukami, T.; Yokoi, T.; Nakajima, M. Cigarette smoking substantially alters plasma
microRNA profiles in healthy subjects. Toxicol. Appl. Pharmacol. 2013, 272, 154-160. [CrossRef] [PubMed]

Morin, R.D.; O’Connor, M.D.; Griffith, M.; Kuchenbauer, F.; Delaney, A.; Prabhu, A.L.; Zhao, Y.; McDonald, H.; Zeng, T.; Hirst, M.;
et al. Application of massively parallel sequencing to microRNA profiling and discovery in human embryonic stem cells. Genome
Res. 2008, 18, 610-621. [CrossRef] [PubMed]

Sticht, C.; De La Torre, C.; Parveen, A.; Gretz, N. miRWalk: An online resource for prediction of microRNA binding sites. PLoS
ONE 2018, 13, €0206239. [CrossRef] [PubMed]

Chen, Y.; Wang, X. miRDB: An online database for prediction of functional microRNA targets. Nucleic Acids Res. 2020, 48,
D127-D131. [CrossRef] [PubMed]

Liu, W.; Wang, X. Prediction of functional microRNA targets by integrative modeling of microRNA binding and target expression
data. Genome Biol. 2019, 20, 18. [CrossRef] [PubMed]

Huang, D.W.; Sherman, B.T.; Lempicki, R.A. Systematic and integrative analysis of large gene lists using DAVID bioinformatics
resources. Nat. Protoc. 2009, 4, 44-57. [CrossRef]

Huang, D.W.; Sherman, B.T.; Lempicki, R.A. Bioinformatics enrichment tools: Paths toward the comprehensive functional analysis
of large gene lists. Nucleic Acids Res. 2009, 37, 1-13. [CrossRef]

Kim, S.; Park, M,; Kim, J.Y,; Kim, T.; Hwang, ].Y.; Ha, K.S.; Won, M.H.; Ryoo, S.; Kwon, Y.G.; Kim, Y. M. Circulating miRNAs
Associated with Dysregulated Vascular and Trophoblast Function as Target-Based Diagnostic Biomarkers for Preeclampsia. Cells
2020, 9, 2003. [CrossRef]

Ponsuksili, S.; Tesfaye, D.; Schellander, K.; Hoelker, M.; Hadlich, E; Schwerin, M.; Wimmers, K. Differential expression of miRNAs
and their target mRNAs in endometria prior to maternal recognition of pregnancy associates with endometrial receptivity for
in vivo- and in vitro-produced bovine embryos. Biol. Reprod. 2014, 91, 135. [CrossRef]

Shi, S.; Tan, Q.; Liang, J.; Cao, D.; Wang, S.; Liang, J.; Chen, K.; Wang, Z. Placental trophoblast cell-derived exosomal microRNA-
1290 promotes the interaction between endometrium and embryo by targeting LHX6. Mol. Ther. Nucleic Acids 2021, 26, 760-772.
[CrossRef]


http://doi.org/10.1371/journal.pone.0020769
http://www.ncbi.nlm.nih.gov/pubmed/21698099
http://doi.org/10.1155/2014/761938
http://doi.org/10.1038/srep35815
http://doi.org/10.4061/2011/532915
http://doi.org/10.1002/jcla.22648
http://www.ncbi.nlm.nih.gov/pubmed/30105874
http://doi.org/10.3389/fphar.2020.619200
http://www.ncbi.nlm.nih.gov/pubmed/33519486
http://doi.org/10.1039/9781788016421-00001
http://doi.org/10.3390/nu13061830
http://doi.org/10.3389/fphys.2020.00372
http://doi.org/10.3390/sports9100134
http://doi.org/10.3389/fpsyt.2021.679206
http://doi.org/10.1186/s12868-015-0195-x
http://doi.org/10.3390/ijms21186730
http://doi.org/10.1155/2014/364316
http://doi.org/10.1016/j.taap.2013.05.018
http://www.ncbi.nlm.nih.gov/pubmed/23726802
http://doi.org/10.1101/gr.7179508
http://www.ncbi.nlm.nih.gov/pubmed/18285502
http://doi.org/10.1371/journal.pone.0206239
http://www.ncbi.nlm.nih.gov/pubmed/30335862
http://doi.org/10.1093/nar/gkz757
http://www.ncbi.nlm.nih.gov/pubmed/31504780
http://doi.org/10.1186/s13059-019-1629-z
http://www.ncbi.nlm.nih.gov/pubmed/30670076
http://doi.org/10.1038/nprot.2008.211
http://doi.org/10.1093/nar/gkn923
http://doi.org/10.3390/cells9092003
http://doi.org/10.1095/biolreprod.114.121392
http://doi.org/10.1016/j.omtn.2021.09.009

Int. J. Mol. Sci. 2022, 23,1234 27 of 34

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Rahman, M.L,; Liang, L.; Valeri, L.; Su, L.; Zhu, Z.; Gao, S.; Mostofa, G.; Qamruzzaman, Q.; Hauser, R.; Baccarelli, A.; et al.
Regulation of birthweight by placenta-derived miRNAs: Evidence from an arsenic-exposed birth cohort in Bangladesh. Epigenetics
2018, 13, 573-590. [CrossRef] [PubMed]

Moore, D.; Meays, B.M.; Madduri, L.S.V,; Shahjin, F; Chand, S.; Niu, M.; Albahrani, A.; Guda, C.; Pendyala, G.; Fox, H.S.; et al.
Downregulation of an Evolutionary Young miR-1290 in an iPSC-Derived Neural Stem Cell Model of Autism Spectrum Disorder.
Stem Cells Int. 2019, 2019, 8710180. [CrossRef] [PubMed]

Yelamanchili, S.V.; Morsey, B.; Harrison, E.B.; Rennard, D.A.; Emanuel, K.; Thapa, I.; Bastola, D.R.; Fox, H.S. The evolutionary
young miR-1290 favors mitotic exit and differentiation of human neural progenitors through altering the cell cycle proteins. Cell
Death Dis. 2014, 5, €982. [CrossRef] [PubMed]

Zbucka-Kretowska, M.; Niemira, M.; Paczkowska-Abdulsalam, M.; Bielska, A.; Szalkowska, A.; Parfieniuk, E.; Ciborowski,
M.; Wolczynski, S.; Kretowski, A. Prenatal circulating microRNA signatures of foetal Down syndrome. Sci. Rep. 2019, 9, 2394.
[CrossRef] [PubMed]

Che, J.; Xu, C.; Wu, Y;; Jia, P; Han, Q.; Ma, Y.; Wang, X.; Zheng, Y. MiR-1290 promotes myoblast differentiation and protects
against myotube atrophy via Akt/p70/FoxO3 pathway regulation. Skelet. Muscle 2021, 11, 6. [CrossRef] [PubMed]

Huang, Y.; Chen, L.; Feng, Z.; Chen, W,; Yan, S.; Yang, R.; Xiao, J.; Gao, J.; Zhang, D.; Ke, X. EPC-Derived Exosomal miR-1246 and
miR-1290 Regulate Phenotypic Changes of Fibroblasts to Endothelial Cells to Exert Protective Effects on Myocardial Infarction by
Targeting ELF5 and SP1. Front. Cell Dev. Biol. 2021, 9, 9356. [CrossRef]

Yue, K.Y.; Zhang, PR.; Zheng, M.H.; Cao, X.L.; Cao, Y,; Zhang, Y.Z.; Zhang, Y.F.; Wu, HN,; Lu, Z.H.; Liang, L.; et al. Neurons can
upregulate Cav-1 to increase intake of endothelial cells-derived extracellular vesicles that attenuate apoptosis via miR-1290. Cell
Death Dis. 2019, 10, 869. [CrossRef]

Sun, H.; Hu, S.; Zhang, Z.; Lun, J.; Liao, W.; Zhang, Z. Expression of exosomal microRNAs during chondrogenic differentiation of
human bone mesenchymal stem cells. . Cell. Biochem. 2019, 120, 171-181. [CrossRef]

Cui, L.; Zhou, X,; Li, ].; Wang, L.; Wang, ].; Li, Q.; Chu, J.; Zheng, L.; Wu, Q.; Han, Z,; et al. Dynamic microRNA Profiles of Hepatic
Differentiated Human Umbilical Cord Lining-Derived Mesenchymal Stem Cells. PLoS ONE 2012, 7, e44737. [CrossRef]

Zhou, X,; Cui, L.; Zhou, X.; Yang, Q.; Wang, L.; Guo, G.; Hou, Y.; Cai, W.; Han, Z.; Shi, Y.; et al. Induction of hepatocyte-like
cells from human umbilical cord-derived mesenchymal stem cells by defined microRNAs. J. Cell. Mol. Med. 2017, 21, 881-893.
[CrossRef]

Zhuang, H.; Zhang, R.; Zhang, S.; Shu, Q.; Zhang, D.; Xu, G. Altered expression of microRNAs in the neuronal differentiation of
human Wharton’s Jelly mesenchymal stem cells. Neurosci. Lett. 2015, 600, 69-74. [CrossRef] [PubMed]

Sang, Q.; Yao, Z.; Wang, H.; Feng, R.; Wang, H.; Zhao, X.; Xing, Q.; Jin, L.; He, L.; Wu, L,; et al. Identification of microRNAs in
human follicular fluid: Characterization of microRNAs that govern steroidogenesis in vitro and are associated with polycystic
ovary syndrome in vivo. J. Clin. Endocrinol. Metab. 2013, 98, 3068-3079. [CrossRef] [PubMed]

Li, Y.;; Wen, Q.; Chen, H.; Wu, X,; Liu, B.; Li, H,; Su, L.; Tong, H. Exosomes Derived From Heat Stroke Cases Carry miRNAs
Associated With Inflammation and Coagulation Cascade. Front. Immunol. 2021, 12, 2149. [CrossRef]

Xu, H.; Cui, Y,; Liu, X,; Zheng, X.; Liu, J.; Hu, X;; Gao, F; Hu, X,; Li, M.; Wei, X,; et al. miR-1290 promotes IL-8-mediated vascular
endothelial cell adhesion by targeting GSK-33. Mol. Biol. Rep. 2021. [CrossRef]

Di Mauro, S.; Ragusa, M.; Urbano, E; Filippello, A.; Di Pino, A.; Scamporrino, A.; Pulvirenti, A.; Ferro, A.; Rabuazzo, AM,;
Purrello, M.; et al. Intracellular and extracellular miRNome deregulation in cellular models of NAFLD or NASH: Clinical
implications. Nutr. Metab. Cardiovasc. Dis. 2016, 26, 1129-1139. [CrossRef]

Tan, Y,; Ge, G.; Pan, T.; Wen, D.; Gan, J. A pilot study of serum microRNAs panel as potential biomarkers for diagnosis of
nonalcoholic fatty liver disease. PLoS ONE 2014, 9, €105192. [CrossRef]

Ng, PC,; Chan, K.Y.Y,; Leung, K.T.; Tam, Y.H.; Ma, TP.Y.; Lam, H.S.; Cheung, HM.; Lee, K.H.; To, K.F; Li, K,; et al. Compar-
ative MiRNA Expressional Profiles and Molecular Networks in Human Small Bowel Tissues of Necrotizing Enterocolitis and
Spontaneous Intestinal Perforation. PLoS ONE 2015, 10, e0135737. [CrossRef]

Ng, P.C.; Chan, K.Y.Y,; Yuen, T.P; Sit, T.; Lam, H.S.; Leung, K.T.; Wong, R.P.O.; Chan, L.C.N.; Pang, Y.L.I.; Cheung, H.M.; et al.
Plasma miR-1290 Is a Novel and Specific Biomarker for Early Diagnosis of Necrotizing Enterocolitis-Biomarker Discovery with
Prospective Cohort Evaluation. |. Pediatr. 2019, 205, 83-90.e10. [CrossRef]

Ma, Z.X,; Tan, X.; Shen, Y.; Ke, X.; Yang, Y.C.; He, X.B.; Wang, Z.H.; Dai, Y.B.; Hong, S.L.; Hu, G.H. MicroRNA expression profile
of mature dendritic cell in chronic rhinosinusitis. Inflamm. Res. 2015, 64, 885-893. [CrossRef] [PubMed]

Vaira, V.; Roncoroni, L.; Barisani, D.; Gaudioso, G.; Bosari, S.; Bulfamante, G.; Doneda, L.; Conte, D.; Tomba, C.; Bardella, M.T.;
et al. microRNA profiles in coeliac patients distinguish different clinical phenotypes and are modulated by gliadin peptides in
primary duodenal fibroblasts. Clin. Sci. 2014, 126, 417-423. [CrossRef]

Guan, S.; Wu, Y.; Zhang, Q.; Zhou, J. TGF-p1 induces CREB1-mediated miR-1290 upregulation to antagonize lung fibrosis via
Napsin A. Int. . Mol. Med. 2020, 46, 141-148. [CrossRef] [PubMed]

Chickooree, D.; Zhu, K.; Ram, V.; Wu, H.].; He, Z].; Zhang, S. A preliminary microarray assay of the miRNA expression signatures
in buccal mucosa of oral submucous fibrosis patients. J. Oral Pathol. Med. 2016, 45, 691-697. [CrossRef]

Adyshev, D.M.; Moldobaeva, N.; Mapes, B.; Elangovan, V.; Garcia, ].G.N. MicroRNA regulation of nonmuscle myosin light chain
kinase expression in human lung endothelium. Am. J. Respir. Cell Mol. Biol. 2013, 49, 58-66. [CrossRef] [PubMed]


http://doi.org/10.1080/15592294.2018.1481704
http://www.ncbi.nlm.nih.gov/pubmed/30099960
http://doi.org/10.1155/2019/8710180
http://www.ncbi.nlm.nih.gov/pubmed/31191687
http://doi.org/10.1038/cddis.2013.498
http://www.ncbi.nlm.nih.gov/pubmed/24407235
http://doi.org/10.1038/s41598-018-35876-5
http://www.ncbi.nlm.nih.gov/pubmed/30787377
http://doi.org/10.1186/s13395-021-00262-9
http://www.ncbi.nlm.nih.gov/pubmed/33722298
http://doi.org/10.3389/fcell.2021.647763
http://doi.org/10.1038/s41419-019-2100-5
http://doi.org/10.1002/jcb.27289
http://doi.org/10.1371/journal.pone.0044737
http://doi.org/10.1111/jcmm.13027
http://doi.org/10.1016/j.neulet.2015.05.061
http://www.ncbi.nlm.nih.gov/pubmed/26049006
http://doi.org/10.1210/jc.2013-1715
http://www.ncbi.nlm.nih.gov/pubmed/23666971
http://doi.org/10.3389/fimmu.2021.624753
http://doi.org/10.1007/s11033-021-06998-3
http://doi.org/10.1016/j.numecd.2016.08.004
http://doi.org/10.1371/journal.pone.0105192
http://doi.org/10.1371/journal.pone.0135737
http://doi.org/10.1016/j.jpeds.2018.09.031
http://doi.org/10.1007/s00011-015-0870-5
http://www.ncbi.nlm.nih.gov/pubmed/26337346
http://doi.org/10.1042/CS20130248
http://doi.org/10.3892/ijmm.2020.4565
http://www.ncbi.nlm.nih.gov/pubmed/32319530
http://doi.org/10.1111/jop.12431
http://doi.org/10.1165/rcmb.2012-0397OC
http://www.ncbi.nlm.nih.gov/pubmed/23492194

Int. J. Mol. Sci. 2022, 23,1234 28 of 34

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

Ahmad, S.; Ahmed, M.M.; Hasan, PM.Z,; Sharma, A.; Bilgrami, A.L.; Manda, K,; Ishrat, R.; Syed, M.A. Identification and
Validation of Potential miRNAs, as Biomarkers for Sepsis and Associated Lung Injury: A Network-Based Approach. Genes 2020,
11, 1327. [CrossRef] [PubMed]

Li, X.; Zhou, W.; Li, Z.; Guan, F. Hsa_circ_0056558 regulates cyclin-dependent kinase 6 by sponging microRNA-1290 to suppress
the proliferation and differentiation in ankylosing spondylitis. Autoimmunity 2021, 54, 114-128. [CrossRef] [PubMed]

Huang, S.Y.; Huang, C.H.; Chen, CJ.; Chen, TW.; Lin, C.Y,; Lin, Y.-T.; Kuo, S.M.; Huang, C.G.; Lee, L.A.; Chen, Y.H.; et al. Novel
Role for miR-1290 in Host Species Specificity of Influenza A Virus. Mol. Ther.-Nucleic Acids 2019, 17, 10-23. [CrossRef]

Wang, P; Qu, X.; Zhou, X,; Shen, Y; Ji, H.; Fu, Z.; Deng, J.; Lu, P; Yu, W.; Lu, H.; et al. Two cellular microRNAs, miR-196b and
miR-1290, contribute to HIV-1 latency. Virology 2015, 486, 228-238. [CrossRef]

Soares, C.T.; Trombone, A.P.E; Fachin, L.R.V.; Rosa, P.S.; Ghidella, C.C.; Ramalho, R.E; Pinilla, M.G.; Carvalho, A.F,; Carrara, D.N.;
Soares, F.A ; et al. Differential Expression of MicroRNAs in Leprosy Skin Lesions. Front. Immunol. 2017, 8, 1053. [CrossRef]
Serensen, A.E.; Udesen, P.B.; Maciag, G.; Geiger, J.; Saliani, N.; Januszewski, A.S.; Jiang, G.; Ma, R.C.; Hardikar, A.A.; Wissing,
M.L.M,; et al. Hyperandrogenism and Metabolic Syndrome Are Associated With Changes in Serum-Derived microRNAs in
Women With Polycystic Ovary Syndrome. Front. Med. 2019, 6, 242. [CrossRef]

Ye, L.; Jiang, T.; Shao, H.; Zhong, L.; Wang, Z.; Liu, Y,; Tang, H.; Qin, B.; Zhang, X,; Fan, J. miR-1290 Is a Biomarker in
DNA-Mismatch-Repair-Deficient Colon Cancer and Promotes Resistance to 5-Fluorouracil by Directly Targeting hMSH?2. Mol.
Ther.-Nucleic Acids 2017, 7, 453-464. [CrossRef]

Liu, X.; Xu, X,; Pan, B.; He, B.; Chen, X,; Zeng, K.; Xu, M,; Pan, Y.; Sun, H.; Xu, T.; et al. Circulating miR-1290 and miR-320d as
novel diagnostic biomarkers of human colorectal cancer. J. Cancer 2019, 10, 43-50. [CrossRef] [PubMed]

Shi, Y.; Zhuang, Y.; Zhang, J.; Chen, M.; Wu, S. Four circulating exosomal miRNAs as novel potential biomarkers for the early
diagnosis of human colorectal cancer. Tissue Cell 2021, 70, 101499. [CrossRef] [PubMed]

Imaoka, H.; Toiyama, Y.; Fujikawa, H.; Hiro, J.; Saigusa, S.; Tanaka, K.; Inoue, Y.; Mohri, Y.; Mori, T.; Kato, T.; et al. Circulating
microRNA-1290 as a novel diagnostic and prognostic biomarker in human colorectal cancer. Ann. Oncol. 2016, 27, 1879-1886.
[CrossRef] [PubMed]

Li, A.; Yu, ]; Kim, H.; Wolfgang, C.L.; Canto, M.I.; Hruban, R.H.; Goggins, M. MicroRNA array analysis finds elevated serum
miR-1290 accurately distinguishes patients with low-stage pancreatic cancer from healthy and disease controls. Clin. Cancer Res.
2013, 19, 3600-3610. [CrossRef]

Tavano, E; Gioffreda, D.; Valvano, M.R.; Palmieri, O.; Tardio, M.; Latiano, T.P.; Piepoli, A.; Maiello, E.; Pirozzi, F.; Andriulli, A.
Droplet digital PCR quantification of miR-1290 as a circulating biomarker for pancreatic cancer. Sci. Rep. 2018, 8, 16389. [CrossRef]
Wei, J.; Yang, L.; Wu, Y.N.; Xu, J. Serum miR-1290 and miR-1246 as Potential Diagnostic Biomarkers of Human Pancreatic Cancer.
J. Cancer 2020, 11, 1325-1333. [CrossRef]

Xie, R.; Wu, SN.; Gao, C.C; Yang, X.Z.; Wang, H.G.; Zhang, ].L.; Yan, W.; Ma, T.H. Prognostic value of combined and individual
expression of microRNA-1290 and its target gene nuclear factor I/X in human esophageal squamous cell carcinoma. Cancer
Biomark. 2017, 20, 325-331. [CrossRef]

Mo, D.; Gu, B,; Gong, X.; Wu, L.; Wang, H.; Jiang, Y.; Zhang, B.; Zhang, M.; Zhang, Y.; Xu, J.; et al. miR-1290 is a potential
prognostic biomarker in non-small cell lung cancer. |. Thorac. Dis. 2015, 7, 1570-1579. [CrossRef]

Wu, Y,; Wei, ].; Zhang, W.; Xie, M.; Wang, X.; Xu, J. Serum exosomal miR-1290 is a potential biomarker for lung adenocarcinoma.
Onco. Targets. Ther. 2020, 13, 7809-7818. [CrossRef]

Nagamitsu, Y.; Nishi, H.; Sasaki, T.; Takaesu, Y.; Terauchi, F.; Isaka, K. Profiling analysis of circulating microRNA expression in
cervical cancer. Mol. Clin. Oncol. 2016, 5, 189-194. [CrossRef]

Torres, A.; Torres, K.; Pesci, A.; Ceccaroni, M.; Paszkowski, T.; Cassandrini, P.; Zamboni, G.; Maclejewski, R. Diagnostic and
prognostic significance of miRNA signatures in tissues and plasma of endometrioid endometrial carcinoma patients. Int. J. Cancer
2013, 132, 1633-1645. [CrossRef] [PubMed]

Kobayashi, M.; Sawada, K.; Nakamura, K.; Yoshimura, A.; Miyamoto, M.; Shimizu, A.; Ishida, K.; Nakatsuka, E.; Kodama,
M.; Hashimoto, K.; et al. Exosomal miR-1290 is a potential biomarker of high-grade serous ovarian carcinoma and can
discriminate patients from those with malignancies of other histological types 11 Medical and Health Sciences 1112 Oncology
and Carcinogenesis. J. Ovarian Res. 2018, 11, 85. [CrossRef] [PubMed]

Zavesky, L.; Jandakova, E.; Weinberger, V.; Mina#, L.; Hanzikova, V.; Duskova, D.; Zaveska Drabkovéd, L.; Svobodov4, L;
Hofinek, A. Ascites-Derived Extracellular microRNAs as Potential Biomarkers for Ovarian Cancer. Reprod. Sci. 2019, 26, 510-522.
[CrossRef] [PubMed]

Chen, X.M,; Liu, Z.Z.; Lin, ].N. Prognostic value of plasma miR-1290 expression in patients with oral squamous cell carcinoma.
Hua Xi Kou Qiang Yi Xue Za Zhi 2020, 38, 371-375. [CrossRef]

Nakashima, H.; Yoshida, R.; Hirosue, A.; Kawahara, K.; Sakata, J.; Arita, H.; Yamamoto, T.; Toya, R.; Murakami, R.; Hiraki,
A.; et al. Circulating miRNA-1290 as a potential biomarker for response to chemoradiotherapy and prognosis of patients with
advanced oral squamous cell carcinoma: A single-center retrospective study. Tumor Biol. 2019, 41, 1010428319826853. [CrossRef]
Mori, G.; Pasca, M.R. Gut microbial signatures in sporadic and hereditary colorectal cancer. Int. |. Mol. Sci. 2021, 22, 1312.
[CrossRef]

Sawicki, T.; Ruszkowska, M.; Danielewicz, A. A Review of Colorectal Cancer in Terms of Epidemiology, Risk Factors, Development,
Symptoms and Diagnosis. Cancers 2021, 13, 2025. [CrossRef]


http://doi.org/10.3390/genes11111327
http://www.ncbi.nlm.nih.gov/pubmed/33182754
http://doi.org/10.1080/08916934.2021.1894417
http://www.ncbi.nlm.nih.gov/pubmed/33685301
http://doi.org/10.1016/j.omtn.2019.04.028
http://doi.org/10.1016/j.virol.2015.09.016
http://doi.org/10.3389/fimmu.2017.01035
http://doi.org/10.3389/fmed.2019.00242
http://doi.org/10.1016/j.omtn.2017.05.006
http://doi.org/10.7150/jca.26723
http://www.ncbi.nlm.nih.gov/pubmed/30662524
http://doi.org/10.1016/j.tice.2021.101499
http://www.ncbi.nlm.nih.gov/pubmed/33550035
http://doi.org/10.1093/annonc/mdw279
http://www.ncbi.nlm.nih.gov/pubmed/27502702
http://doi.org/10.1158/1078-0432.CCR-12-3092
http://doi.org/10.1038/s41598-018-34597-z
http://doi.org/10.7150/jca.38048
http://doi.org/10.3233/CBM-170029
http://doi.org/10.3978/j.issn.2072-1439.2015.09.38
http://doi.org/10.2147/OTT.S263934
http://doi.org/10.3892/mco.2016.875
http://doi.org/10.1002/ijc.27840
http://www.ncbi.nlm.nih.gov/pubmed/22987275
http://doi.org/10.1186/s13048-018-0458-0
http://www.ncbi.nlm.nih.gov/pubmed/30219071
http://doi.org/10.1177/1933719118776808
http://www.ncbi.nlm.nih.gov/pubmed/29779470
http://doi.org/10.7518/hxkq.2020.04.003
http://doi.org/10.1177/1010428319826853
http://doi.org/10.3390/ijms22031312
http://doi.org/10.3390/cancers13092025

Int. J. Mol. Sci. 2022, 23,1234 29 of 34

141.

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.

Rawla, P; Sunkara, T.; Barsouk, A. Epidemiology of colorectal cancer: Incidence, mortality, survival, and risk factors. Prz.
Gastroenterol. 2019, 14, 89-103. [CrossRef]

De’angelis, G.L.; Bottarelli, L.; Azzoni, C.; De’angelis, N.; Leandro, G.; Di Mario, F; Gaiani, F.; Negri, F. Microsatellite instability
in colorectal cancer. Acta Biomed. 2018, 17, 159.

Vacante, M.; Ciuni, R.; Basile, F,; Biondi, A. Gut microbiota and colorectal cancer development: A closer look to the adenoma-
carcinoma sequence. Biomedicines 2020, 8, 489. [CrossRef]

Stigliano, V.; Sanchez-Mete, L.; Martayan, A.; Anti, M. Early-onset colorectal cancer: A sporadic or inherited disease? World J.
Gastroenterol. 2014, 20, 12420. [CrossRef] [PubMed]

Ma, Q.; Wang, Y.; Zhang, H.; Wang, F. miR-1290 contributes to colorectal cancer cell proliferation by targeting INPP4B. Oncol. Res.
2018, 26, 1167-1174. [CrossRef] [PubMed]

Zhai, S.; Liu, Y.; Lu, X,; Qian, H.; Tang, X.; Cheng, X.; Wang, Y.; Shi, Y.; Deng, X. INPP4B as a prognostic and diagnostic marker
regulates cell growth of pancreatic cancer via activating AKT. Onco. Targets. Ther. 2019, ume 12, 8287-8299. [CrossRef]
Hodgson, M.C.; Shao, L.J.; Frolov, A.; Li, R.; Peterson, L.E.; Ayala, G.; Ittmann, M.M.; Weigel, N.L.; Agoulnik, I.U. Decreased
expression and androgen regulation of the tumor suppressor gene INPP4B in prostate cancer. Cancer Res. 2011, 71, 572-582.
[CrossRef] [PubMed]

Vo, T.T.T.; Fruman, D.A. INPP4B Is a Tumor Suppressor in the Context of PTEN Deficiency. Cancer Discov. 2015, 5, 697-700.
[CrossRef]

Hsu, L; Yeh, C.R;; Slavin, S.; Miyamoto, H.; Netto, G.J.; Tsai, Y.C.; Muyan, M.; Wu, X.R.; Messing, E.M.; Guancial, E.A.; et al.
Estrogen receptor alpha prevents bladder cancer development via INPP4B inhibited Akt pathway in vitro and in vivo. Oncotarget
2014, 5, 7917-7935. [CrossRef]

Wu, J.; Ji, X,; Zhu, L,; Jiang, Q.; Wen, Z.; Xu, S.; Shao, W.; Cai, J.; Du, Q.; Zhu, Y,; et al. Up-regulation of microRNA-1290 impairs
cytokinesis and affects the reprogramming of colon cancer cells. Cancer Lett. 2013, 329, 155-163. [CrossRef]

Kheirelseid, E.A.H.; Miller, N.; Chang, K.H.; Curran, C.; Hennessey, E.; Sheehan, M.; Kerin, M.]. Mismatch repair protein
expression in colorectal cancer. |. Gastrointest. Oncol. 2013, 4, 397—408. [CrossRef]

Nojadeh, ].N.; Sharif, S.B.; Sakhinia, E. Microsatellite instability in colorectal cancer. EXCLI J. 2018, 17, 159.

Wheeler, ] M.D.; Bodmer, W.E,; McC Mortensen, N.J. DNA mismatch repair genes and colorectal cancer. Gut 2000, 47, 148-153.
[CrossRef]

Pehserl, A.M.; Ress, A.L.; Stanzer, S.; Resel, M.; Karbiener, M.; Stadelmeyer, E.; Stiegelbauer, V.; Gerger, A.; Mayr, C.; Scheideler,
M.; et al. Comprehensive analysis of miRNome alterations in response to sorafenib treatment in colorectal cancer cells. Int. J. Mol.
Sci. 2016, 17, 2011. [CrossRef] [PubMed]

Martin, J.; Petrillo, A.; Smyth, E.C.; Shaida, N.; Khwaja, S.; Cheow, H.; Duckworth, A.; Heister, P.; Praseedom, R.; Jah, A.; et al.
Colorectal liver metastases: Current management and future perspectives. World J. Clin. Oncol. 2020, 11, 761-808. [CrossRef]
[PubMed]

Liu, J.; Li, H.; Sun, L.; Shen, S.; Zhou, Q.; Yuan, Y.; Xing, C. Epigenetic Alternations of MicroRNAs and DNA Methylation
Contribute to Liver Metastasis of Colorectal Cancer. Dig. Dis. Sci. 2019, 64, 1523-1534. [CrossRef] [PubMed]

Zhu, C.; Wei, Y.; Wei, X. AXL receptor tyrosine kinase as a promising anti-cancer approach: Functions, molecular mechanisms
and clinical applications. Mol. Cancer 2019, 18, 153. [CrossRef]

Li, M.; An, W,; Xu, L; Lin, Y.; Su, L,; Liu, X. The arginine methyltransferase PRMT5 and PRMT1 distinctly regulate the degradation
of anti-apoptotic protein CFLAR L in human lung cancer cells. ]. Exp. Clin. Cancer Res. 2019, 38, 64. [CrossRef]

Zhang, Z.; Zheng, F.; You, Y.; Ma, Y; Lu, T.; Yue, W.; Zhang, D. Growth arrest specific gene 7 is associated with schizophrenia and
regulates neuronal migration and morphogenesis. Mol. Brain 2016, 9, 54. [CrossRef]

Guerra, C.; Molinari, M. Thioredoxin-Related Transmembrane Proteins: TMX1 and Little Brothers TMX2, TMX3, TMX4 and
TMX5. Cells 2020, 9, 2000. [CrossRef]

Pellino, G.; Gallo, G.; Pallante, P.; Capasso, R.; De Stefano, A.; Maretto, I.; Malapelle, U.; Qiu, S.; Nikolaou, S.; Barina, A.; et al.
Noninvasive biomarkers of colorectal cancer: Role in diagnosis and personalised treatment perspectives. Gastroenterol. Res. Pract.
2018, 2018, 2397863. [CrossRef]

Capasso, M.; Franceschi, M.; Rodriguez-Castro, K.I.; Crafa, P.; Cambie, G.; Miraglia, C.; Barchi, A.; Nouvenne, A.; Leandro, G.;
Meschi, T.; et al. Epidemiology and risk factors of pancreatic cancer. Acta Biomed. 2018, 89, 141-146.

Ying, H.; Dey, P; Yao, W.; Kimmelman, A.C.; Draetta, G.F,; Maitra, A.; Depinho, R.A. Genetics and biology of pancreatic ductal
adenocarcinoma. Genes Dev. 2016, 30, 355-385. [CrossRef]

McGuigan, A ; Kelly, P.; Turkington, R.C.; Jones, C.; Coleman, H.G.; McCain, R.S. Pancreatic cancer: A review of clinical diagnosis,
epidemiology, treatment and outcomes. World . Gastroenterol. 2018, 24, 4846-4861. [CrossRef] [PubMed]

Sikdar, N.; Saha, G.; Dutta, A.; Ghosh, S.; Shrikhande, S.V.; Banerjee, S. Genetic Alterations of Periampullary and Pancreatic
Ductal Adenocarcinoma: An Overview. Curr. Genom. 2018, 19, 444-463. [CrossRef] [PubMed]

Chen, E; Roberts, N.J.; Klein, A.P. Inherited pancreatic cancer. Chin. Clin. Oncol. 2017, 6, 58. [CrossRef]

Ta, N.; Huang, X.; Zheng, K.; Zhang, Y.; Gao, Y.; Deng, L.; Zhang, B.; Jiang, H.; Zheng, ]. MiRNA-1290 promotes aggressiveness in
pancreatic ductal adenocarcinoma by targeting IKK1. Cell. Physiol. Biochem. 2018, 51, 711-728. [CrossRef] [PubMed]
Kabacaoglu, D.; Ruess, D.A.; Ai, ].; Algtil, H. NF-kB/rel transcription factors in pancreatic cancer: Focusing on relA, c-rel, and
relB. Cancers 2019, 11, 937. [CrossRef] [PubMed]


http://doi.org/10.5114/pg.2018.81072
http://doi.org/10.3390/biomedicines8110489
http://doi.org/10.3748/wjg.v20.i35.12420
http://www.ncbi.nlm.nih.gov/pubmed/25253942
http://doi.org/10.3727/096504017X15051741798389
http://www.ncbi.nlm.nih.gov/pubmed/28915933
http://doi.org/10.2147/OTT.S223221
http://doi.org/10.1158/0008-5472.CAN-10-2314
http://www.ncbi.nlm.nih.gov/pubmed/21224358
http://doi.org/10.1158/2159-8290.CD-15-0609
http://doi.org/10.18632/oncotarget.1421
http://doi.org/10.1016/j.canlet.2012.10.038
http://doi.org/10.3978/j.issn.2078-6891.2013.021
http://doi.org/10.1136/gut.47.1.148
http://doi.org/10.3390/ijms17122011
http://www.ncbi.nlm.nih.gov/pubmed/27916938
http://doi.org/10.5306/wjco.v11.i10.761
http://www.ncbi.nlm.nih.gov/pubmed/33200074
http://doi.org/10.1007/s10620-018-5424-6
http://www.ncbi.nlm.nih.gov/pubmed/30604369
http://doi.org/10.1186/s12943-019-1090-3
http://doi.org/10.1186/s13046-019-1064-8
http://doi.org/10.1186/s13041-016-0238-y
http://doi.org/10.3390/cells9092000
http://doi.org/10.1155/2018/2397863
http://doi.org/10.1101/gad.275776.115
http://doi.org/10.3748/wjg.v24.i43.4846
http://www.ncbi.nlm.nih.gov/pubmed/30487695
http://doi.org/10.2174/1389202919666180221160753
http://www.ncbi.nlm.nih.gov/pubmed/30258276
http://doi.org/10.21037/cco.2017.12.04
http://doi.org/10.1159/000495328
http://www.ncbi.nlm.nih.gov/pubmed/30463064
http://doi.org/10.3390/cancers11070937
http://www.ncbi.nlm.nih.gov/pubmed/31277415

Int. J. Mol. Sci. 2022, 23,1234 30 of 34

169.
170.

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.

198.

Liu, S.; Chen, Z.; Zhu, F; Hu, Y. I«B kinase alpha and cancer. |. Interf. Cytokine Res. 2012, 34, 152-158. [CrossRef]

Zhao, F; Wei, C.; Cui, M.Y;; Xia, Q.Q.; Wang, S.-B.; Zhang, Y. Prognostic value of microRNAs in pancreatic cancer: A meta-analysis.
Aging 2020, 12, 9380-9404. [CrossRef]

Karasek, P.; Gablo, N.; Hlavsa, J.; Kiss, I.; Vychytilova-Faltejskova, P.; Hermanova, M.; Kala, Z.; Slaby, O.; Prochazka, V. Pre-
operative plasma miR-21-5p is a sensitive biomarker and independent prognostic factor in patients with pancreatic ductal
adenocarcinoma undergoing surgical resection. Cancer Genom. Proteom. 2018, 15, 321-327. [CrossRef]

Masamune, A.; Yoshida, N.; Hamada, S.; Takikawa, T.; Nabeshima, T.; Shimosegawa, T. Exosomes derived from pancreatic cancer
cells induce activation and profibrogenic activities in pancreatic stellate cells. Biochem. Biophys. Res. Commun. 2018, 495, 71-77.
[CrossRef] [PubMed]

Sitarz, R.; Skierucha, M.; Mielko, J.; Offerhaus, G.J.A.; Maciejewski, R.; Polkowski, W.P. Gastric cancer: Epidemiology, prevention,
classification, and treatment. Cancer Manag. Res. 2018, ume 10, 239-248. [CrossRef]

Cheng, X.J.; Lin, J.C.; Tu, S.P. Etiology and Prevention of Gastric Cancer. Gastrointest. Tumors 2016, 3, 25-36. [CrossRef] [PubMed]
Katona, B.W.; Rustgi, A.K. Gastric Cancer Genomics: Advances and Future Directions. Cell. Mol. Gastroenterol. Hepatol. 2017, 3,
211-217. [CrossRef] [PubMed]

Laurén, P. The two histological main types of gastric carcinoma: Diffuse and so-called intestinal-type carcinoma. Acta Pathol.
Microbiol. Scand. 1965, 64, 31-49. [CrossRef] [PubMed]

Hu, B,; El Hajj, N,; Sittler, S.; Lammert, N.; Barnes, R.; Meloni-Ehrig, A. Gastric cancer: Classification, histology and application of
molecular pathology. J. Gastrointest. Oncol. 2012, 3, 251-261. [PubMed]

Cislo, M.; Filip, A.A,; Offerhaus, G.J.A.; Cisel, B.; Rawicz-Pruszyniski, K.; Skierucha, M.; Polkowski, W.P. Distinct molecular
subtypes of gastric cancer: From Laurén to molecular pathology. Oncotarget 2018, 9, 19427-19442. [CrossRef] [PubMed]

Ansari, S.; Gantuya, B.; Tuan, V.P.; Yamaoka, Y. Diffuse gastric cancer: A summary of analogous contributing factors for its
molecular pathogenicity. Int. ]. Mol. Sci. 2018, 19, 2424. [CrossRef]

Quadri, H.S.; Smaglo, B.G.; Morales, S.J.; Phillips, A.C.; Martin, A.D.; Chalhoub, WM.; Haddad, N.G.; Unger, K.R.; Levy, A.D,;
Al-Refaie, W.B. Gastric Adenocarcinoma: A Multimodal Approach. Front. Surg. 2017, 4, 42. [CrossRef]

Lott, P.C.; Carvajal-Carmona, L.G. Resolving gastric cancer aetiology: An update in genetic predisposition. Lancet Gastroenterol.
Hepatol. 2018, 3, 874-883. [CrossRef]

Lin, M.; Shi, C.; Lin, X,; Pan, J.; Shen, S.; Xu, Z.; Chen, Q. SMicroRNA-1290 inhibits cells proliferation and migration by targeting
FOXAL1 in gastric cancer cells. Gene 2016, 582, 137-142. [CrossRef]

Ren, H.; Zhang, P,; Tang, Y.; Wu, M.; Zhang, W. Forkhead box protein Al is a prognostic predictor and promotes tumor growth of
gastric cancer. Onco. Targets. Ther. 2015, 8, 3029-3039. [CrossRef]

Lin, M,; Pan, J.; Chen, Q.; Xu, Z.; Lin, X.; Shi, C. Overexpression of FOXA1 inhibits cell proliferation and EMT of human gastric
cancer AGS cells. Gene 2018, 642, 145-151. [CrossRef] [PubMed]

Huang, J.; Shen, M.; Yan, M,; Cui, Y.; Gao, Z.; Meng, X. Exosome-mediated transfer of MIR-1290 promotes cell proliferation and
invasion in gastric cancer via NKD1. Acta Biochim. Biophys. Sin. 2019, 51, 900-907. [CrossRef] [PubMed]

Hu, S.; Zheng, Q.; Wu, H.; Wang, C.; Liu, T.; Zhou, W. miR-532 promoted gastric cancer migration and invasion by targeting
NKDI1. Life Sci. 2017, 177, 15-19. [CrossRef] [PubMed]

Liang, Y.; Liu, Y.,; Zhang, Q.; Zhang, H.; Du, ]. Tumor-derived extracellular vesicles containing microRNA-1290 promote immune
escape of cancer cells through the Grhl2/ZEB1/PD-L1 axis in gastric cancer. Transl. Res. 2021, 231, 102-112. [CrossRef]
Barsouk, A.; Thandra, K.C.; Saginala, K.; Rawla, P.; Barsouk, A. Chemical Risk Factors of Primary Liver Cancer: An Update.
Hepatic Med. Evid. Res. 2021, 12, 179-188. [CrossRef]

Ghouri, Y.A.; Mian, I.; Rowe, ].H. Review of hepatocellular carcinoma: Epidemiology, etiology, and carcinogenesis. J. Carcinog.
2017, 16, 1-8. [CrossRef]

Gelband, H.; Jha, P.; Sankaranarayanan, R.; Horton, S. Cancer: Disease Control Priorities, 3rd ed.; The International Bank for
Reconstruction and Development/The World Bank: Washington, DC, USA, 2015; Volume 3. [CrossRef]

Savitha, G.; Vishnupriya, V.; Krishnamohan, S. Hepatocellular carcinoma—A review. J. Pharm. Sci. Res. 2017, 9, 1276.

Rao, C.V,; Asch, A.S.; Yamada, H.Y. Frequently mutated genes/pathways and genomic instability as prevention targets in liver
cancer. Carcinogenesis 2017, 38, 2-11. [CrossRef]

Feng, M,; Pan, Y.; Kong, R.; Shu, S. Therapy of Primary Liver Cancer. Innovation 2020, 1, 100032. [CrossRef]

Liu, LJ.; Xie, S.X.; Chen, Y.T.; Xue, J.L.; Zhang, C.J.; Zhu, F. Aberrant regulation of WNT signaling in hepatocellular carcinoma.
World |. Gastroenterol. 2016, 22, 7486-7499. [CrossRef]

Zhang, Q.; Wu, J.; Bai, X,; Liang, T. Evaluation of Intra-Tumoral Vascularization in Hepatocellular Carcinomas. Front. Med. 2020,
7,584250. [CrossRef] [PubMed]

Wang, Q.; Wang, G.; Niu, L.; Zhao, S.; Li, ].; Zhang, Z.; Jiang, H.; Zhang, Q.; Wang, H.; Sun, P.; et al. Exosomal MiR-1290 Promotes
Angiogenesis of Hepatocellular Carcinoma via Targeting SMEKI. J. Oncol. 2021, 2021, 6617700. [CrossRef] [PubMed]

Kim, Y.R,; Park, S.; Han, S.; Ahn, ].H.; Kim, S.; Sinn, D.H.; Jeong, W.K.; Ko, ].S.; Gwak, M.S.; Kim, G.S. Sarcopenia as a predictor of
post-transplant tumor recurrence after living donor liver transplantation for hepatocellular carcinoma beyond the Milan criteria.
Sci. Rep. 2018, 8, 7157. [CrossRef] [PubMed]

Abreu, P; Gorgen, A.; Oldani, G.; Hibi, T.; Sapisochin, G. Recent advances in liver transplantation for cancer: The future of
transplant oncology. JHEP Rep. 2019, 1, 377-391. [CrossRef] [PubMed]


http://doi.org/10.1089/jir.2011.0107
http://doi.org/10.18632/aging.103214
http://doi.org/10.21873/cgp.20090
http://doi.org/10.1016/j.bbrc.2017.10.141
http://www.ncbi.nlm.nih.gov/pubmed/29111329
http://doi.org/10.2147/CMAR.S149619
http://doi.org/10.1159/000443995
http://www.ncbi.nlm.nih.gov/pubmed/27722154
http://doi.org/10.1016/j.jcmgh.2017.01.003
http://www.ncbi.nlm.nih.gov/pubmed/28275688
http://doi.org/10.1111/apm.1965.64.1.31
http://www.ncbi.nlm.nih.gov/pubmed/14320675
http://www.ncbi.nlm.nih.gov/pubmed/22943016
http://doi.org/10.18632/oncotarget.24827
http://www.ncbi.nlm.nih.gov/pubmed/29721214
http://doi.org/10.3390/ijms19082424
http://doi.org/10.3389/fsurg.2017.00042
http://doi.org/10.1016/S2468-1253(18)30237-1
http://doi.org/10.1016/j.gene.2016.02.001
http://doi.org/10.2147/OTT.S91035
http://doi.org/10.1016/j.gene.2017.11.023
http://www.ncbi.nlm.nih.gov/pubmed/29129808
http://doi.org/10.1093/abbs/gmz077
http://www.ncbi.nlm.nih.gov/pubmed/31435644
http://doi.org/10.1016/j.lfs.2017.03.019
http://www.ncbi.nlm.nih.gov/pubmed/28356225
http://doi.org/10.1016/j.trsl.2020.12.003
http://doi.org/10.2147/HMER.S278070
http://doi.org/10.4103/jcar.JCar_9_16
http://doi.org/10.1596/978-1-4648-0349-9
http://doi.org/10.1093/carcin/bgw118
http://doi.org/10.1016/j.xinn.2020.100032
http://doi.org/10.3748/wjg.v22.i33.7486
http://doi.org/10.3389/fmed.2020.584250
http://www.ncbi.nlm.nih.gov/pubmed/33195338
http://doi.org/10.1155/2021/6617700
http://www.ncbi.nlm.nih.gov/pubmed/33564307
http://doi.org/10.1038/s41598-018-25628-w
http://www.ncbi.nlm.nih.gov/pubmed/29740069
http://doi.org/10.1016/j.jhepr.2019.07.004
http://www.ncbi.nlm.nih.gov/pubmed/32039389

Int. J. Mol. Sci. 2022, 23,1234 31 0f 34

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.

Ng, K.T.P; Lo, CM.; Wong, N.; Li, C.X.; Qi, X.; Liu, X.B.; Geng, W.; Yeung, O.W.H.; Ma, Y.Y,; Chan, S.C.; et al. Early-phase
circulating miRNAs predict tumor recurrence and survival of hepatocellular carcinoma patients after liver transplantation.
Oncotarget 2016, 7, 19824-19839. [CrossRef]

Liu, Y.; Guo, J.; Shen, K.; Wang, R.; Chen, C.; Liao, Z.; Zhou, J. Paclitaxel suppresses hepatocellular carcinoma tumorigenesis
through regulating circ-birc6/ mir-877-5p /ywhaz axis. OncoTargets Ther. 2020, 13, 9377-9388. [CrossRef]

Yan, H.; Wang, S.; Yu, H.; Zhu, J.; Chen, C. Molecular pathways and functional analysis of miRNA expression associated with
paclitaxel-induced apoptosis in hepatocellular carcinoma cells. Pharmacology 2013, 92, 167-174. [CrossRef]

Watanabe, M. Risk factors and molecular mechanisms of esophageal cancer: Differences between the histologic subtype. J. Cancer
Metastasis Treat. 2015, 1, 1-7. [CrossRef]

Lu, P; Gu, J.; Zhang, N.; Sun, Y.; Wang, J. Risk factors for precancerous lesions of esophageal squamous cell carcinoma in high-risk
areas of rural China: A population-based screening study. Medicine 2020, 99, e21426. [CrossRef]

Liang, H.; Fan, ].H.; Qiao, Y.L. Epidemiology, etiology, and prevention of esophageal squamous cell carcinoma in China. Cancer
Biol. Med. 2017, 14, 33.

Tarazi, M.; Chidambaram, S.; Markar, S.R. Risk factors of esophageal squamous cell carcinoma beyond alcohol and smoking.
Cancers 2021, 14, 1009. [CrossRef] [PubMed]

Businello, G.; Parente, P.; Mastracci, L.; Pennelli, G.; Traverso, G.; Milione, M.; Bellan, E.; Michelotto, M.; Kotsafti, A.; Grillo, F,;
et al. The pathologic and molecular landscape of esophageal squamous cell carcinogenesis. Cancers 2020, 12, 2160. [CrossRef]
[PubMed]

Codipilly, D.C.; Qin, Y.; Dawsey, S.M.; Kisiel, J.; Topazian, M.; Ahlquist, D.; Iyer, P.G. Screening for esophageal squamous cell
carcinoma: Recent advances. Gastrointest. Endosc. 2018, 88, 413-426. [CrossRef]

Marabotto, E.; Pellegatta, G.; Sheijani, A.D.; Ziola, S.; Zentilin, P.; De Marzo, M.G.; Giannini, E.G.; Ghisa, M.; Barberio, B.; Scarpa,
M.; et al. Prevention Strategies for Esophageal Cancer—An Expert Review. Cancers 2021, 13, 2183. [CrossRef] [PubMed]

Chen, Y.; Wang, D.; Peng, H.; Chen, X.; Han, X.; Yu, J.; Wang, W,; Liang, L.; Liu, Z.; Zheng, Y.; et al. Epigenetically upregulated
oncoprotein PLCE1 drives esophageal carcinoma angiogenesis and proliferation via activating the PI-PLCe-NF-«B signaling
pathway and VEGF-C/ Bcl-2 expression. Mol. Cancer 2019, 18, 1. [CrossRef] [PubMed]

Abnet, C.C.; Arnold, M.; Wei, W.Q. Epidemiology of Esophageal Squamous Cell Carcinoma. Gastroenterology 2018, 154, 360-373.
[CrossRef] [PubMed]

Xiao, Y.; Su, M.; Ou, W.,; Wang, H.; Tian, B.; Ma, J.; Tang, ].; Wu, J.; Wu, Z.; Wang, W.; et al. Involvement of noncoding RNAs in
epigenetic modifications of esophageal cancer. Biomed. Pharmacother. 2019, 117, 109192. [CrossRef]

Mao, Y.; Liu, J.; Zhang, D.; Li, B. MiR-1290 promotes cancer progression by targeting nuclear factor I/ X(NFIX) in esophageal
squamous cell carcinoma (ESCC). Biomed. Pharmacother. 2015, 76, 82-93. [CrossRef]

Li, M,; He, X.Y.; Zhang, ZM,; Li, S.; Ren, L.H.; Cao, R.S.; Feng, Y.D.; Ji, Y.L.; Zhao, Y.; Shi, R H. MicroRNA-1290 promotes
esophageal squamous cell carcinoma cell proliferation and metastasis. World J. Gastroenterol. 2015, 21, 3245-3255. [CrossRef]
Sun, H.; Wang, L.; Zhao, Q.; Dai, J. Diagnostic and prognostic value of serum miRNA-1290 in human esophageal squamous cell
carcinoma. Cancer Biomark. 2019, 25, 381-387. [CrossRef]

Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 7-30. [CrossRef] [PubMed]

Travis, W.D.; Brambilla, E.; Nicholson, A.G.; Yatabe, Y.; Austin, ] H.M.; Beasley, M.B.; Chirieac, L.R.; Dacic, S.; Duhig, E.; Flieder,
D.B.; et al. The 2015 World Health Organization Classification of Lung Tumors: Impact of Genetic, Clinical and Radiologic
Advances since the 2004 Classification. J. Thorac. Oncol. 2015, 10, 1243-1260. [CrossRef] [PubMed]

Wadowska, K.; Bil-Lula, I.; Trembecki, £..; Sliwiriska-Mosson, M. Genetic markers in lung cancer diagnosis: A review. Int. ]. Mol.
Sci. 2020, 21, 4569. [CrossRef] [PubMed]

Li, X.; Ma, C.; Luo, H.; Zhang, J.; Wang, J.; Guo, H. Identification of the differential expression of genes and upstream microRNAs
in small cell lung cancer compared with normal lung based on bioinformatics analysis. Medicine 2020, 99, e19086. [CrossRef]
[PubMed]

Yang, C.; Sun, C,; Liang, X.; Xie, S.; Huang, J.; Li, D. Integrative analysis of microRNA and mRNA expression profiles in
non-small-cell lung cancer. Cancer Gene Ther. 2016, 23, 90-97. [CrossRef]

Zhang, W.C.; Chin, TM.; Yang, H.; Nga, M.E.; Lunny, D.P; Lim, EK.H.; Sun, L.L.; Pang, Y.H.; Leow, Y.N.; Malusay, S.R.Y.; et al.
Tumour-initiating cell-specific MIR-1246 and MIR-1290 expression converge to promote non-small cell lung cancer progression.
Nat. Commun. 2016, 7, 11702. [CrossRef]

Kim, G.; An, HJ.; Lee, M.].; Song, ].Y.; Jeong, ].Y.; Lee, ].H.; Jeong, H.C. Hsa-miR-1246 and hsa-miR-1290 are associated with
stemness and invasiveness of non-small cell lung cancer. Lung Cancer 2016, 91, 15-22. [CrossRef]

Sun, B,; Yang, N.; Jiang, Y.; Zhang, H.; Hou, C.; Ji, C,; Liu, Y.; Zuo, P. Antagomir-1290 suppresses CD133+ cells in non-small cell
lung cancer by targeting fyn-related Src family tyrosine kinase. Tumor Biol. 2015, 36, 6223-6230. [CrossRef]

Jin, J.-J; Liu, Y.-H.; Si, J.-M.; Ni, R.; Wang, J. Overexpression of miR-1290 contributes to cell proliferation and invasion of non
small cell lung cancer by targeting interferon regulatory factor 2. Int. ]. Biochem. Cell Biol. 2018, 95, 113-120. [CrossRef]

Xiao, X;; Yang, D.; Gong, X.; Mo, D.; Pan, S.; Xu, J. miR-1290 promotes lung adenocarcinoma cell proliferation and invasion by
targeting SOCS4. Oncotarget 2018, 9, 11977-11988. [CrossRef]


http://doi.org/10.18632/oncotarget.7627
http://doi.org/10.2147/OTT.S261700
http://doi.org/10.1159/000354585
http://doi.org/10.4103/2394-4722.153534
http://doi.org/10.1097/MD.0000000000021426
http://doi.org/10.3390/cancers13051009
http://www.ncbi.nlm.nih.gov/pubmed/33671026
http://doi.org/10.3390/cancers12082160
http://www.ncbi.nlm.nih.gov/pubmed/32759723
http://doi.org/10.1016/j.gie.2018.04.2352
http://doi.org/10.3390/cancers13092183
http://www.ncbi.nlm.nih.gov/pubmed/34062788
http://doi.org/10.1186/s12943-018-0930-x
http://www.ncbi.nlm.nih.gov/pubmed/30609930
http://doi.org/10.1053/j.gastro.2017.08.023
http://www.ncbi.nlm.nih.gov/pubmed/28823862
http://doi.org/10.1016/j.biopha.2019.109192
http://doi.org/10.1016/j.biopha.2015.10.005
http://doi.org/10.3748/wjg.v21.i11.3245
http://doi.org/10.3233/CBM-190007
http://doi.org/10.3322/caac.21590
http://www.ncbi.nlm.nih.gov/pubmed/31912902
http://doi.org/10.1097/JTO.0000000000000630
http://www.ncbi.nlm.nih.gov/pubmed/26291008
http://doi.org/10.3390/ijms21134569
http://www.ncbi.nlm.nih.gov/pubmed/32604993
http://doi.org/10.1097/MD.0000000000019086
http://www.ncbi.nlm.nih.gov/pubmed/32176034
http://doi.org/10.1038/cgt.2016.5
http://doi.org/10.1038/ncomms11702
http://doi.org/10.1016/j.lungcan.2015.11.013
http://doi.org/10.1007/s13277-015-3307-4
http://doi.org/10.1016/j.biocel.2017.12.017
http://doi.org/10.18632/oncotarget.24046

Int. J. Mol. Sci. 2022, 23,1234 32 of 34

225.

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.

Wu, L.; Liu, T; Xiao, Y.; Li, X.; Zhu, Y.; Zhao, Y.; Bao, J.; Wu, C. Polygonatum odoratum lectin induces apoptosis and autophagy
by regulation of microRNA-1290 and microRNA-15a-3p in human lung adenocarcinoma A549 cells. Int. ]. Biol. Macromol. 2016,
85, 217-226. [CrossRef] [PubMed]

Kim, K.B.; Kim, K.; Bae, S.; Choi, Y.; Cha, H].; Kim, S.Y.; Lee, ]. H.; Jeon, S.H.; Jung, H.].; Ahn, K.J.; et al. MicroRNA-1290 promotes
asiatic acid-induced apoptosis by decreasing BCL2 protein level in A549 non-small cell lung carcinoma cells. Oncol. Rep. 2014, 32,
1029-1036. [CrossRef] [PubMed]

Seijo, L.M.; Peled, N.; Ajona, D.; Boeri, M.; Field, ] K.; Sozzi, G.; Pio, R.; Zulueta, ].].; Spira, A.; Massion, P.P; et al. Biomarkers in
Lung Cancer Screening: Achievements, Promises, and Challenges. J. Thorac. Oncol. 2019, 14, 343-357. [CrossRef] [PubMed]

Li, Z; Jella, K.K,; Jaafar, L.; Moreno, C.S.; Dynan, W.S. Characterization of exosome release and extracellular vesicle-associated
miRNAs for human bronchial epithelial cells irradiated with high charge and energy ions. Life Sci. Sp. Res. 2021, 28, 11-17.
[CrossRef]

Szejniuk, W.M.; Robles, A.L; McCulloch, T.; Falkmer, U.G.I.; Ree, O.D. Epigenetic predictive biomarkers for response or outcome
to platinum-based chemotherapy in non-small cell lung cancer, current state-of-art. Pharm. J. 2019, 19, 5-14. [CrossRef]

Saito, M.; Shiraishi, K.; Matsumoto, K.; Schetter, A.J.; Ogata-Kawata, H.; Tsuchiya, N.; Kunitoh, H.; Nokihara, H.; Watanabe, S.L;
Tsuta, K.; et al. A Three-microRNA signature predicts responses to platinum-based doublet chemotherapy in patients with lung
adenocarcinoma. Clin. Cancer Res. 2014, 20, 4784-4793. [CrossRef]

Provenzano, E.; Ulaner, G.A.; Chin, S.F. Molecular Classification of Breast Cancer. PET Clin. 2018, 13, 325-338. [CrossRef]
Tsang, ].Y.S.; Tse, G.M. Molecular Classification of Breast Cancer. Adv. Anat. Pathol. 2020, 27, 27-35. [CrossRef]

Richard, V.; Davey, M.G.; Annuk, H.; Miller, N.; Dwyer, R.M.; Lowery, A.; Kerin, M.J. MicroRNAs in Molecular Classification and
Pathogenesis of Breast Tumors. Cancers 2021, 13, 5332. [CrossRef]

Li, S.; Zhang, M.; Xu, E; Wang, Y.; Leng, D. Detection significance of miR-3662, miR-146a, and miR-1290 in serum exosomes of
breast cancer patients. J. Cancer Res. Ther. 2021, 17, 749-755. [CrossRef]

Hamam, R.; Ali, A M.; Alsaleh, K.A.; Kassem, M.; Alfayez, M.; Aldahmash, A.; Alajez, N.M. microRNA expression profiling
on individual breast cancer patients identifies novel panel of circulating microRNA for early detection. Sci. Rep. 2016, 6, 25997.
[CrossRef] [PubMed]

Endo, Y.; Toyama, T.; Takahashi, S.; Yoshimoto, N.; Iwasa, M.; Asano, T.; Fujii, Y.; Yamashita, H. MiR-1290 and its potential targets
are associated with characteristics of estrogen receptor a-positive breast cancer. Endocr. Relat. Cancer 2013, 20, 91-102. [CrossRef]
[PubMed]

Endo, Y.; Yamashita, H.; Takahashi, S.; Sato, S.; Yoshimoto, N.; Asano, T.; Hato, Y.; Dong, Y.; Fujii, Y.; Toyama, T. Inmunohisto-
chemical determination of the miR-1290 target arylamine N-acetyltransferase 1 (NAT1) as a prognostic biomarker in breast cancer.
BMC Cancer 2014, 14, 990. [CrossRef] [PubMed]

Zaka, M.; Sutton, C.W.; Peng, Y.; Konur, S. Model-Based Integration Analysis Revealed Presence of Novel Prognostic miRNA
Targets and Important Cancer Driver Genes in Triple-Negative Breast Cancers. Cancers 2020, 12, 632. [CrossRef]

Okunade, K.S. Human papillomavirus and cervical cancer. J. Obstet. Gynaecol. 2020, 40, 602—-608. [CrossRef]

Balasubramaniam, S.D.; Balakrishnan, V.; Oon, C.E.; Kaur, G. Key molecular events in cervical cancer development. Medicina
2019, 55, 384. [CrossRef]

Tornesello, M.L.; Faraonio, R.; Buonaguro, L.; Annunziata, C.; Starita, N.; Cerasuolo, A.; Pezzuto, F.; Tornesello, A.L.; Buonaguro,
FM. The Role of microRNAs, Long Non-coding RNAs, and Circular RNAs in Cervical Cancer. Front. Oncol. 2020, 10, 150.
[CrossRef]

Sadri Nahand, J.; Moghoofei, M.; Salmaninejad, A.; Bahmanpour, Z.; Karimzadeh, M.; Nasiri, M.; Mirzaei, H.R.; Pourhanifeh,
M.H.; Bokharaei-Salim, F.; Mirzaei, H.; et al. Pathogenic role of exosomes and microRNAs in HPV-mediated inflammation and
cervical cancer: A review. Int. ]. Cancer 2020, 146, 305-320. [CrossRef] [PubMed]

Zhang, B.; Chen, ].; Ren, Z.; Chen, Y,; Li, ].; Miao, X.; Song, Y.; Zhao, T,; Li, Y.; Shi, Y.; et al. A specific miRNA signature promotes
radioresistance of human cervical cancer cells. Cancer Cell Int. 2013, 13, 118. [CrossRef]

Fu, J.; Wang, W.; Wang, Y.; Liu, C.; Wang, P. The role of squamous cell carcinoma antigen (SCC Ag) in outcome prediction after
concurrent chemoradiotherapy and treatment decisions for patients with cervical cancer. Radiat. Oncol. 2019, 14, 146. [CrossRef]
Yao, T;; Rao, Q.; Liu, L.; Zheng, C.; Xie, Q.; Liang, J.; Lin, Z. Exploration of tumor-suppressive microRNAs silenced by DNA
hypermethylation in cervical cancer. Virol. J. 2013, 10, 175-177. [CrossRef] [PubMed]

Lheureux, S.; Braunstein, M.; Oza, A.M. Epithelial ovarian cancer: Evolution of management in the era of precision medicine. CA
Cancer . Clin. 2019, 69, 280-304. [CrossRef] [PubMed]

Otsuka, I.; Matsuura, T. Screening and prevention for high-grade serous carcinoma of the ovary based on carcinogenesis—
Fallopian tube- And ovarian-derived tumors and incessant retrograde bleeding. Diagnostics 2020, 10, 120. [CrossRef] [PubMed]
Zhang, C.; Hu, H.; Wang, X.; Zhu, Y,; Jiang, M. WFDC Protein: A Promising Diagnosis Biomarker of Ovarian Cancer. J. Cancer
2021, 12, 5404-5412. [CrossRef]

Dochez, V.; Caillon, H.; Vaucel, E.; Dimet, J.; Winer, N.; Ducarme, G. Biomarkers and algorithms for diagnosis of ovarian cancer:
CA125, HE4, RMI and ROMA, a review. J. Ovarian Res. 2019, 12, 28. [CrossRef]

Zilovi¢, D.; Ciurliene, R.; Sabaliauskaite, R.; Jarmalaité, S. Future Screening Prospects for Ovarian Cancer. Cancers 2021, 13, 3840.
[CrossRef]


http://doi.org/10.1016/j.ijbiomac.2015.11.014
http://www.ncbi.nlm.nih.gov/pubmed/26562549
http://doi.org/10.3892/or.2014.3319
http://www.ncbi.nlm.nih.gov/pubmed/25016979
http://doi.org/10.1016/j.jtho.2018.11.023
http://www.ncbi.nlm.nih.gov/pubmed/30529598
http://doi.org/10.1016/j.lssr.2020.11.001
http://doi.org/10.1038/s41397-018-0029-1
http://doi.org/10.1158/1078-0432.CCR-14-1096
http://doi.org/10.1016/j.cpet.2018.02.004
http://doi.org/10.1097/PAP.0000000000000232
http://doi.org/10.3390/cancers13215332
http://doi.org/10.4103/jcrt.jcrt_280_21
http://doi.org/10.1038/srep25997
http://www.ncbi.nlm.nih.gov/pubmed/27180809
http://doi.org/10.1530/ERC-12-0207
http://www.ncbi.nlm.nih.gov/pubmed/23183268
http://doi.org/10.1186/1471-2407-14-990
http://www.ncbi.nlm.nih.gov/pubmed/25528056
http://doi.org/10.3390/cancers12030632
http://doi.org/10.1080/01443615.2019.1634030
http://doi.org/10.3390/medicina55070384
http://doi.org/10.3389/fonc.2020.00150
http://doi.org/10.1002/ijc.32688
http://www.ncbi.nlm.nih.gov/pubmed/31566705
http://doi.org/10.1186/1475-2867-13-118
http://doi.org/10.1186/s13014-019-1355-4
http://doi.org/10.1186/1743-422X-10-175
http://www.ncbi.nlm.nih.gov/pubmed/23732000
http://doi.org/10.3322/caac.21559
http://www.ncbi.nlm.nih.gov/pubmed/31099893
http://doi.org/10.3390/diagnostics10020120
http://www.ncbi.nlm.nih.gov/pubmed/32098383
http://doi.org/10.7150/jca.57880
http://doi.org/10.1186/s13048-019-0503-7
http://doi.org/10.3390/cancers13153840

Int. J. Mol. Sci. 2022, 23,1234 33 of 34

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.
263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

Chong, G.O; Jeon, H.S.; Han, H.S.; Son, ] W,; Lee, Y.H.; Hong, D.G.; Lee, Y.S.; Cho, Y.L. Differential microRNA expression profiles
in primary and recurrent epithelial ovarian cancer. Anticancer Res. 2015, 35, 2611-2617.

Li, Y;; Yao, L,; Liu, F; Hong, J.; Chen, L.; Zhang, B.; Zhang, W. Characterization of microRNA expression in serous ovarian
carcinoma. Int. J. Mol. Med. 2014, 34, 491-498. [CrossRef]

Lai, X.J.; Cheng, H.F. LncRNA colon cancer-associated transcript 1 (CCAT1) promotes proliferation and metastasis of ovarian
cancer via miR-1290. Eur. Rev. Med. Pharmacol. Sci. 2018, 22, 322-328. [CrossRef]

Shapira, I.; Oswald, M.; Lovecchio, J.; Khalili, H.; Menzin, A.; Whyte, J.; Dos Santos, L.; Liang, S.; Bhuiya, T.; Keogh, M.; et al.
Circulating biomarkers for detection of ovarian cancer and predicting cancer outcomes. Br. J. Cancer 2014, 110, 976-983. [CrossRef]
Teo, M.Y.; Rathkopf, D.E.; Kantoff, P. Treatment of advanced prostate cancer. Annu. Rev. Med. 2019, 70, 479-499. [CrossRef]
[PubMed]

Scaravilli, M.; Porkka, K.P; Brofeldt, A.; Annala, M.; Tammela, T.L.J.; Jenster, G.W.; Nykter, M.; Visakorpi, T. MiR-1247-5p is
overexpressed in castration resistant prostate cancer and targets MYCBP2. Prostate 2015, 75, 798-805. [CrossRef] [PubMed]
Packer, J.R.; Maitland, N.J. The molecular and cellular origin of human prostate cancer. Biochim. Biophys. Acta Mol. Cell Res. 2016,
1863, 1238-1260. [CrossRef] [PubMed]

Liu, H.P; Lai, HM.; Guo, Z. Prostate cancer early diagnosis: Circulating microRNA pairs potentially beyond single microRNAs
upon 1231 serum samples. Brief. Bioinform. 2021, 22, bbaalll. [CrossRef] [PubMed]

Huang, X.; Yuan, T.; Liang, M.; Du, M,; Xia, S.; Dittmar, R.; Wang, D.; See, W.; Costello, B.A.; Quevedo, F.; et al. Exosomal
miR-1290 and miR-375 as prognostic markers in castration-resistant prostate cancer. Eur. Urol. 2015, 67, 33-41. [CrossRef]

Xu, Y; Qin, S.; An, T,; Tang, Y.; Huang, Y.; Zheng, L. MiR-145 detection in urinary extracellular vesicles increase diagnostic
efficiency of prostate cancer based on hydrostatic filtration dialysis method. Prostate 2017, 77, 1167-1175. [CrossRef] [PubMed]
Qin, W.J.; Wang, W.P; Wang, X.B.; Zhang, X.T.; Du, ].D. MiR-1290 targets CCNG2 to promote the metastasis of oral squamous cell
carcinoma. Eur. Rev. Med. Pharmacol. Sci. 2019, 23, 10332-10342. [CrossRef]

Rivera, C. Essentials of oral cancer. Int. |. Clin. Exp. Pathol. 2015, 8, 11884. [PubMed]

Jiang, L.; Wang, Z.; Liu, C.; Gong, Z.; Yang, Y.; Kang, H.; Li, Y.; Hu, G. TrkB promotes laryngeal cancer metastasis via activation
PI3K/ AKT pathway. Oncotarget 2017, 8, 108726-108737. [CrossRef]

SUN, X.; SONG, Y,; TAI X,; LIU, B.; JI, W. MicroRNA expression and its detection in human supraglottic laryngeal squamous cell
carcinoma. Biomed. Rep. 2013, 1, 743-746. [CrossRef]

Ciolofan, M.S.; Vlaescu, A.N.; Mogoanta, C.-A.; Ionita, E.; Ionita, I.; Capitanescu, A.-N.; Mitroi, M.-R.; Anghelina, F. Clinical,
Histological and Immunohistochemical Evaluation of Larynx Cancer. Curr. Health Sci. ]. 2017, 43, 367-375. [CrossRef] [PubMed]
Zhang, F.; Xu, Z.; Wang, K; Sun, L; Liu, G.; Han, B. MicroRNA and gene networks in human laryngeal cancer. Exp. Ther. Med.
2015, 10, 2245-2252. [CrossRef] [PubMed]

Janiszewska, J.; Bodnar, M.; Paczkowska, J.; Ustaszewski, A.; Smialek, M.].; Szylberg, L.; Marszalek, A.; Kiwerska, K.; Grenman,
R.; Szyfter, K.; et al. Loss of the maf transcription factor in laryngeal squamous cell carcinoma. Biomolecules 2021, 11, 1035.
[CrossRef] [PubMed]

Huang, Q.; Yang, J.; Zheng, J.; Hsueh, C.; Guo, Y.; Zhou, L. Characterization of selective exosomal microRNA expression profile
derived from laryngeal squamous cell carcinoma detected by next generation sequencing. Oncol. Rep. 2018, 40, 2584-2594.
[CrossRef]

Lopez, A.T,; Carvajal, R.D.; Geskin, L. Secondary Prevention Strategies for Nonmelanoma Skin Cancer. Oncology 2018, 32,
195-200.

Cives, M.; Mannavola, F; Lospalluti, L.; Sergi, M.C.; Cazzato, G.; Filoni, E.; Cavallo, E; Giudice, G.; Stucci, L.S.; Porta, C.; et al.
Non-melanoma skin cancers: Biological and clinical features. Int. J. Mol. Sci. 2020, 21, 5394. [CrossRef]

Geusau, A.; Borik-Heil, L.; Skalicky, S.; Mildner, M.; Grillari, J.; Hackl, M.; Sunder-Plassmann, R. Dysregulation of tissue and
serum microRNAs in organ transplant recipients with cutaneous squamous cell carcinomas. Health Sci. Rep. 2020, 3, e205.
[CrossRef]

Yan, L.; Cai, K,; Sun, K.; Gui, J.; Liang, J. MiR-1290 promotes proliferation, migration, and invasion of glioma cells by targeting
LHXG6. J. Cell. Physiol. 2018, 233, 6621-6629. [CrossRef]

Reifenberger, G.; Wirsching, H.G.; Knobbe-Thomsen, C.B.; Weller, M. Advances in the molecular genetics of gliomas-implications
for classification and therapy. Nat. Rev. Clin. Oncol. 2017, 14, 434-452. [CrossRef]

Khalighfard, S.; Kalhori, M.R.; Haddad, P.; Khori, V.; Alizadeh, A.M. Enhancement of resistance to chemo-radiation by hsa-miR-
1290 expression in glioblastoma cells. Eur. ]. Pharmacol. 2020, 880, 173144. [CrossRef]

Zhang, J.; Chen, Z; Liu, X.; Yang, C.; Xie, D. Gain of circBRAF Represses Glioma Progression by Regulating miR-1290/FBXW7
Axis. Neurochem. Res. 2021, 46, 1203-1213. [CrossRef]

Kang, X; Li, H.; Zhang, Z. Sevoflurane blocks glioma malignant development by upregulating circRELN through circRELN-
mediated miR-1290/RORA axis. BMC Anesthesiol. 2021, 21, 213. [CrossRef]

Kling, T.; Wenger, A.; Lunavat, T.R.; Jang, S.C.; Rydenhag, B.; Lotvall, J.; Pollard, S.M.; Danielsson, A.; Carén, H. Pediatric brain
tumor cells release exosomes with a miRNA repertoire that differs from exosomes secreted by normal cells. Oncotarget 2017, 8,
90164-90175. [CrossRef]

Zhou, W.; Shunqging, W.; Yi, Y.,; Zhou, R.; Mao, P. MiR-196b/miR-1290 participate in the antitumor effect of resveratrol via
regulation of IGFBP3 expression in acute lymphoblastic leukemia. Oncol. Rep. 2017, 37, 1075-1083. [CrossRef]


http://doi.org/10.3892/ijmm.2014.1813
http://doi.org/10.26355/eurrev_201801_14175
http://doi.org/10.1038/bjc.2013.795
http://doi.org/10.1146/annurev-med-051517-011947
http://www.ncbi.nlm.nih.gov/pubmed/30691365
http://doi.org/10.1002/pros.22961
http://www.ncbi.nlm.nih.gov/pubmed/25731699
http://doi.org/10.1016/j.bbamcr.2016.02.016
http://www.ncbi.nlm.nih.gov/pubmed/26921821
http://doi.org/10.1093/bib/bbaa111
http://www.ncbi.nlm.nih.gov/pubmed/32607548
http://doi.org/10.1016/j.eururo.2014.07.035
http://doi.org/10.1002/pros.23376
http://www.ncbi.nlm.nih.gov/pubmed/28617988
http://doi.org/10.26355/eurrev_201912_19671
http://www.ncbi.nlm.nih.gov/pubmed/26617944
http://doi.org/10.18632/oncotarget.21711
http://doi.org/10.3892/br.2013.143
http://doi.org/10.12865/CHSJ.43.04.14
http://www.ncbi.nlm.nih.gov/pubmed/30595905
http://doi.org/10.3892/etm.2015.2825
http://www.ncbi.nlm.nih.gov/pubmed/26668624
http://doi.org/10.3390/biom11071035
http://www.ncbi.nlm.nih.gov/pubmed/34356658
http://doi.org/10.3892/or.2018.6672
http://doi.org/10.3390/ijms21155394
http://doi.org/10.1002/hsr2.205
http://doi.org/10.1002/jcp.26381
http://doi.org/10.1038/nrclinonc.2016.204
http://doi.org/10.1016/j.ejphar.2020.173144
http://doi.org/10.1007/s11064-021-03259-4
http://doi.org/10.1186/s12871-021-01427-1
http://doi.org/10.18632/oncotarget.21621
http://doi.org/10.3892/or.2016.5321

Int. J. Mol. Sci. 2022, 23,1234 34 of 34

279. Moriyama, T.; Liu, S.; Li, J.; Meyer, J.; Zhao, X.; Yang, W.; Shao, Y.; Heath, R.; Hnizda, A.; Carroll, W.L.; et al. Mechanisms of
NT5C2-mediated thiopurine resistance in acute lymphoblastic leukemia. Mol. Cancer Ther. 2019, 18, 1887-1895. [CrossRef]

280. Avigad, S.; Verly, I.R.; Lebel, A.; Kordi, O.; Shichrur, K.; Ohali, A.; Hameiri-Grossman, M.; Kaspers, G.J.; Cloos, J.; Fronkova, E.;
et al. miR expression profiling at diagnosis predicts relapse in pediatric precursor B-cell acute lymphoblastic leukemia. Genes
Chromosom. Cancer 2016, 55, 328-339. [CrossRef]

281. Mikkelsen, L.H.; Andersen, M.K.; Andreasen, S.; Larsen, A.C.; Tan, Q.; Toft, P.B.; Wadt, K.; Heegaard, S. Global microRNA
profiling of metastatic conjunctival melanoma. Melanoma Res. 2019, 29, 465-473. [CrossRef]


http://doi.org/10.1158/1535-7163.MCT-18-1112
http://doi.org/10.1002/gcc.22334
http://doi.org/10.1097/CMR.0000000000000606

	Introduction 
	Overview of miRNAs’ Biogenesis and Function 
	Circulating miRNAs as Promising Non-Invasive Markers 
	Bioinformatics Analysis of miR-1290 Target Genes and Their Functional Annotations 
	Physiological Role of miR-1290 
	The Role of miR-1290 in Non-Neoplastic Diseases 
	Upregulation of miR-1290 Is Associated with Different Types of Cancers 
	Gastrointestinal Cancers 
	Colorectal Cancer 
	Pancreatic Cancer 
	Gastric Cancer 
	Liver Cancer 
	Esophageal Cancer 

	Lung Cancer 
	Female Cancers 
	Breast Cancer 
	Cervical Cancer 
	Ovarian Cancer 

	Prostate Cancer 
	Head and Neck Cancers 
	Oral Cancer 
	Laryngeal Cancer 

	Cutaneous Cancer 
	Brain Cancer 
	Leukemia 
	Conjunctival Melanoma 

	Conclusions and Future Perspectives 
	References

