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a  b  s  t  r  a  c  t

miR-18a  is  a member  of  primary  transcript  called  miR-17-92a  (C13orf25  or  MIR17HG)  which  also  contains
five  other  miRNAs:  miR-17,  miR-19a,  miR-20a,  miR-19b  and  miR-92a.  This  cluster  as  a whole  shows  spe-
cific characteristics,  where  miR-18a  seems  to be  unique.  In contrast  to  the  other  members,  the  expression
of  miR-18a  is additionally  controlled  and  probably  functions  as its own  internal  controller  of  the  cluster.
miR-18a  regulates  many  genes  involved  in  proliferation,  cell  cycle,  apoptosis,  response  to different  kinds
of  stress,  autophagy  and  differentiation.  The  disturbances  of  miR-18a  expression  are  observed  in cancer
as well  as  in  different  diseases  or pathological  states.  The  miR-17-92a  cluster  is  commonly  described  as
oncogenic  and it is  known  as  ‘oncomiR-1’,  but this  statement  is  a simplification  because  miR-18a  can  act
both  as  an  oncogene  and  a suppressor.
ancer
CGA
ncogene
uppressor
iomarker
irculating miRNA

In this  review  we  summarize  the  current  knowledge  about  miR-18a  focusing  on  its  regulation,  role  in
cancer biology  and  utility  as  a potential  biomarker.

©  2020  Published  by  Elsevier  B.V. on behalf  of  Greater  Poland  Cancer  Centre.
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Fig. 1. (A) The localization of the members within the miR-17-92a cluster and par-
alogs miR-106a-363 and miR-106b-25. (B) The sequence similarities and differences
T. Kolenda et al. / Reports of Practical On

. miRNA

miRNAs are a group of short (22 nucleotides long) non-coding
NAs. These small RNAs are associated with cell cycle, apoptosis,
roliferation, differentiation, metabolic pathways and cell response
o various types of stress.1–3 It is estimated that miRNAs regulate
rom 30% to 60% of human genes.4 miRNA genes are situated in
xternal or internal space of genes, in introns or exons of coding
nd non-coding protein genes and they have a transcription pro-
oter, either their own  or common with mRNAs. Some of them

re encoded as a single, simple miRNA, and other, such as the mul-
iple miRNAs, create clusters. About 30% of miRNAs in genomes
f vertebrates are found as part of a polycistronic cluster,5,6 and
iRNAs from the same cluster are preferentially co-expressed and

he expression levels are varied in different tissues in the same
rganism.7

miRNA genes are transcribed from genome by RNA polymerase
I.8 The canonical biogenesis of miRNAs is divided into two  main
teps; the first one occurs in the nucleus and the other one in the
ytoplasm, where immature forms of miRNAs’ harpins are changed
o about 22 nts duplexes by Drosha and Dicer enzymes. In the non-
anonical pathway, mirtrons are spliced out of mRNA transcripts
n a Drosha-independent manner and further steps are similar
o those in the canonical pathway.9,10 One of the strands from
he duplex, called the guide strand, is incorporated into the RISC
omplex and the miRNA in this complex can bind with the 3’UTR
egion of target mRNA. miRNAs regulate gene expression via three
athways of blocking proteins translations: i) repression of mRNA
ranslation; ii) cleavage of mRNA and iii) mRNA deadenylation.5,11

. miR-17-92a cluster

miR-18a belongs to the miR-17-92a cluster and it is transcribed
rom a polycistronic non-protein-coding gene. This gene named
13orf25 or MIR17HG (also as the miR-17/92 cluster host gene)

s located on chromosome 13 (13q31.3) and contains miR-17-92a
luster, 800 nts long, with six mature miRNAs: miR-17, miR-18a,
iR-19a, miR-20a, miR-19b and miR-92a.12 The characteristic of

he miR-17-92a cluster is its organization and sequence of miRNAs
hich are highly conserved across vertebrates.13,14 Probably, the

ncestral miR-17 cluster contained miRNAs belonging to the early
iR-17 group, miR-19 group and miR-92. The miR-18a was created

y its duplication from the miR-17 group and previous duplication
f the whole cluster that created the ancestors of the miR-17-18a-
9a-20a-19b-92a family.13 It should be noted that there are two
ore paralogs of the miR-17-92a cluster: miR-106a-363 and miR-

06b-25. They were created due to duplication and gene deletion
n evolution changes.13 The miR-106b-25 cluster is situated on
hromosome 7, inside the intron of the MCM7  gene, and encodes
hree miRNAs: miR-106b, miR-93 and miR-25; whereas the miR-
06a-363 cluster is located on chromosome X and contains six
iRNAs: miR-106a, miR-18b, miR-20b, miR-19b-2, miR-92a-2 and
iR-363.15,16

These three human clusters: miR-17-92a, miR-106b-25 and
iR-106a-363, include 15 miRNAs that share four “seed” regions:

he miR-17, miR-18, miR-19, and miR-92 families (Fig. 1).14 It was
ndicated that orthologs of the miR-17, miR-18 and miR-19 seed
amilies are not found outside the vertebrates, but homological for

iR-92 seed family miRNAs are found in D. melanogaster and C.
legans.13 The expression of these three similar clusters is not at
he same level; miR-17-92a and miR-106b-25 clusters are highly

xpressed in many types of tissues, and the miR-106a-363 cluster
s expressed at a lower level.15,16

The expression of the miR-17-92a cluster is regulated at two
ajor levels: transcriptional and post-transcriptional. Transcrip-
among 15 miRNAs that share four “seed” regions: the miR-17, miR-18, miR-19, and
miR-92 families; framed nucleotides indicate the “seed” regions.

tional regulation is connected with C-myc and N-myc, E2F and
cyclin D1.17 MYC  factors bind to a conserved non-canonical E-box
sequence located 1480 bp upstream of miR-17-92a. On the other
hand, miR-17-5p and miR-20a inhibit C-myc-mediated induction
of E2F1 expression.17 Similarly, the E2F family of transcription fac-
tors, with the main role of E2F3, can directly bind to the promoter
of miR-17-92a and regulate its expression. Moreover, two  mem-
bers of this cluster, miR-17 and miR-20, regulate the translation of
E2F1, E2F2, and E2F3, creating an auto-regulatory loop.18–20 The
regulatory mechanisms among C-myc, E2F family and miR-17-92a
create the cellular balance between apoptosis and proliferation of
the cell.18,20 Sylvestre et al. proposed that the deregulation of the
E2F/miR-17-92a autoregulatory feedback loop may  occur during
the transformation of normal cells into tumor cells.19 In the case
of paralog miR-106a-363, putative C-myc binding sites are indi-
cated in the proximity of the cluster, but direct regulation was not
demonstrated. For miR-106b-25, there is no information about the
transcriptional regulation.14

The transcription of the miR-17-92a cluster is also regulated
by the androgen receptor (AR). AR, through its binding sites, can
up-regulate the expression of cluster members.21 Moreover, Brock
et al. demonstrated that the expression of miR-17-92a in primary
hepatocytes and HepG2 cells is modulated by IL6. Immune cells
secrete IL6 activating STAT3 in hepatocytes, which stimulates the
acute-phase genes and miR-17-92a cluster. In turn, miR-18a tar-
gets the PIAS3 (inhibitor of STAT3), which enhances the activation
of STAT3.22 The similar STAT3-dependent activation of miR-17-
92a transcription after endothelial cells stimulation with IL6 was
observed, and it could be indicated as a cell type independent way
of activation.23 Moreover, about 100 bp upstream from the start
codon of C13orf25 an evolutionarily conserved palindromic TT-AA
motif with 4-bp of space is situated. It is responsible for STAT3
binding and regulation of the miR-17-92a cluster.23

The post-transcriptional regulation of the miR-17-92a cluster
causes miR-17, miR-18a, miR-19a, miR-20a, miR-19b and miR-92a

to be often expressed at different levels. They are processed with
different efficiency or their stability is varied.14 Probably, a spe-
cific globular tertiary structure of the primary transcript where
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Table  1
Molecular interaction between miR-18a and lncRNAs in different types of cancers.

lncRNA Cancer type Mechanism of action Ref.

GAS5 Malignant glioma miR-18a-5p negatively regulates GAS5 and GAS5 represses miR-18a-5p in vitro and in vivo 39

FER1L4 Osteosarcoma FER1L4 directly inhibits miR-18a-5p 41

FER1L4 knockdown suppresses apoptosis and promotes EMT, stemness markers and PI3K/AKT
pathway via upregulating the ratio of miR-18a-5p/SOCS5 in osteosarcoma cells

CASC2 Breast cancer Increased expression of CSC2 causes reduced expression of miR-18a-5p 36

WDFY3-AS2 Ovarian cancer WDFY3-AS2 acts as molecular sponge miR-18a-5p 42

Upregulated miR-18a-5p reverses the anticancer effect of WDFY3-AS2 (inhibition of
proliferation, invasion, EMT  and tumorigenesis)

GAS5 Prostate cancer GAS5 acts as molecular sponge miR-18a-5p 40

TP53TG1 Non-small cell lung
cancer

TP53TG1 acts as molecular sponge miR-18a-5p 43

TP53TG1 enhances cisplatin sensitivity via sponging miR-18a-5p and regulating PTEN
FENDRR Prostate cancer FENDRR acts as molecular sponge for miR-18a-5p 44

FENDRR inhibits prostate cancer malignacy through regulation of miR-18a-5p
CASC2 Malignant melanoma CASC2 may  inhibit malignant melanoma development through regulating miR-18a-5p via

molecular sponging mechanism

38

UCA1 Breast cancer Mir-18a-5p and YAP1 (miR-18a-5p target gene) regulate UCA1 expression in breast cancer
cells resulting in sensitizing them to trastuzumab

33

UCA1 Breast cancer UCA1 acts as molecular sponge miR-18a-5p and enhances breast cancer cells resistance to 34,35
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tamoxifen
CASC2 Colorectal cancer CASC2 acts as mole

and tumour growth

he 3’-end functions as the core domain, has the main role in
he regulation of expression of miR-17-92a cluster members has.
ther internal well-defined secondary structures and other ele-
ents also play a significant role.24,25 The miRNAs inside the

ore are processed less efficiently than outer miRNAs due to their
ifferent accessibility to the Drosha enzyme. Moreover, the dis-
uption of the cluster structure leads to an overall increase of

iRNA expression from the 3’-end of the cluster; especially miR-
2a, which has an opposite biological function compared to the
iRNAs from the 5’-end of the cluster.24,26 It should be noted that

ther cellular factors, such as C-myc, could also modify miRNAs
xpression and lead to a higher level of transcription from the 5’-
nd and lower level miRNAs situated at the 3’-end of the cluster’s
ore.18

Diosdado et al. indicated that, unlike the other members of the
iR-17-92a cluster, expression of miR-18a is significantly lower.
oreover, increased expression of the cluster during progression

rom colorectal adenoma to adenocarcinoma is associated with the
NA copy number gain of the miR-17-92a locus on 13q31 and with
-myc expression.27 It should be noted that miR-18a requires the
resence of HNRNPA1 protein.28 The low expression of miR-18a
ay  be caused by the specific tertiary structure of pri-miR-17-92a,
hich affects the miR-18a biogenesis process.29 It was indicated

hat HNRNPA1 binds to pri-miR-17-92a, locally remodels RNA sec-
ndary structure and facilitates its biogenesis.30 The study based on
nimal models showed the important role of HNRNPA1 in miR-18a
iogenesis and its connection with disease development. miR-18a
own-regulation is the result of phosphorylation and destabiliza-
ion of HNRNPA1 by phosphorylated PERK as the consequence of
ndoplasmic reticulum stress.31

The expression levels of individual miRNAs from the miR-17-
2a cluster depends on tissue type and external factors.17 One of the
ewly described and observed processes in the cellular regulatory
etwork is an interaction between miRNA and lncRNA (long-non
oding RNA) (Table 1).32 The interactions between miR-18a and
pecific lncRNAs were observed, e.g.: UCA1 as well as CASC2 in
reast cancer,33–36 CASC2 in colorectal cancer37 and in malignant
elanoma,38 GAS5 in malignant glioma39 and prostate,40 FER1L4 in

steosarcoma,41 WDFY3-AS2 in ovarian cancer,42 TP53TG1 in non-
mall cell lung cancer,43 FENDRR in prostate cancer,44 and lncRNA

NHG1 in the case of ischemic stroke.45

For example, Liu et al. described that lncRNA GAS5 (growth
rrest–specific 5) functions as a competitive endogenous RNA
ponge miR-18a-5p and overexpression of CASC2 causes proliferation
ition

37

(ceRNA) and regulates the cellular level of mature miR-18a-5p in
glioma. The interaction between GAS5:miR-18a-5p has functional
consequences by influence on expression level of miR-18a-5p tar-
get neogenin. Moreover, miR-18a-5p reduces the level of GAS5,
so the feed-back loop between oncmiR and lncRNA suppressor
keeps specific balance in the cell.39 Another study, performed by
Sanchez-Mejias et al., indicated SOCS5/miR-18a/miR-25 axis and its
regulation on MTOR signaling and tumor suppressor TSC1 in liver
cancer.46 Suppressor of cytokine signaling 5 (SOCS5) gene encodes
4 transcripts (spliced variants) with protein as well as non-protein
(lncRNA) potential47 and it is the example of bi-functional, protein
coding and non-coding RNAs (cncRNAs).48 SOCS5 can function as
the molecular sponge and competing for binding to miR-18a and
miR-25 and prevents the interaction of miRNAs with their targets.46

These examples, which involved miR-18a and RNAs with cncRNA
potential, underline the complexity of the regulatory network in
the cell, which is based on the bioavailability of a particular tran-
script.

Rodriguez-Aguayo et al. indicated that miR-15a-5p and miR-
25-3p are important regulators of miR-18a-3p expression by direct
modulation of HNRNPA1 expression. miR-18a-3p is the direct tar-
get of the well known oncogene KRAS and miR-18a-3p/KRAS ratio
can be used as a prognostic factor for chemotherapy-resistant ovar-
ian cancer.49

Moreover, the miR-18a regulates the expression of the Dicer
enzyme, which has the effect on the biogenesis of the miR-17-92a
cluster members.50 It should be noted that one of the strands of
the premature transcript, -5p or -3p, could be favored as stronger
and incorporated into the RISC complex. One member could also
manifest co-expression with other members of the cluster or
with different miRNAs.51 However, the biological role of this phe-
nomenon is not clear.

The expression of miR-18a can also be regulated by interaction
with different substances such as SiO2 leading to lung damage52 or
phenanthrene (polycyclic aromatic hydrocarbon) which interacts
with hnRNPA1 and contributes to the suppression of miR-18a and
hepatocyte apoptosis.53

What is interesting, the biological function of miR-18a can also
be regulated by other members of the miR-17-92a cluster. For
example, miR-18a alone can activate the autophagy process, but

the co-expression of miR-18a with miR-17 and miR-20a causes that
miR-18a changes its authophagy activation function.21,54
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. miR-18a and cancer

Single miRNA can function as a tumor suppressor, oncogene
oncomiR) or it can have a dual function. Tumor suppressor miR-
As are down-regulated in cancers and the lack of them causes

he translation of oncogenic proteins. In contrast, onkomiRs are
p-regulated in cancers and a high expression of these miRNAs
locks tumor suppressor mRNAs. Down-regulation of suppressor
iRNAs and up-regulation of oncomiRs initiate proliferation, inva-

ion, angiogenesis and metastasis of a tumor.55–58 It should be
oted that half of the known miRNA genes are located close to or

nside the regions of chromosomes which are usually mutated in
ancers.59–61

The first evidence of an involvement of miR-17-92a cluster in
ancer progress was suggested by Ota et al. They observed an
mplification of this cluster in diffuse large B cell lymphomas of
ecurrent focal amplifications.62 A lot of studies suggested that

iR-18a is involved in cancer progression. In the case of nasopha-
yngeal carcinoma (NPC) miR-18a is overexpressed and positively
orrelated with tumor size and TNM stage. miR-18a targets SMG1
nd causes activation of the MTOR pathway and influence on cell
urvival, epithelial-to-mesenchymal transition (EMT) and invasion.
dditional evidence of miR-18a involvement in early steps of NPC

umorigenesis is activation of this miRNA through latent mem-
rane protein 1 (LMP1) encodes by Epstein-Barr virus (EBV) or
F-�B activation and its downstream genes.63 Luo et al. indicated

hat expression of miR-18a in NPC is correlated with the clinical
tage and tumor metastasis. Studies in a mouse model showed
hat up-regulation of miR-18a increases tumor growth and lung

etastases.50 In the case of patients with lung cancer, there is also
 correlation between the level of tumor differentiation and lymph
ode metastases and the expression of miR-18a in tumor tissue.64

i et al. examined the process of miRNAs changes from normal
hrough adenoma to colorectal carcinoma transition and observed
hat miR-18a-5p is up-regulated during this process and involved in
he regulation of important cellular processes.65 Another evidence
omes from a study based on gastric cancer where up-regulation of
iR-17–92a cluster members (including miR-18a) was observed

n patients’ plasma compared to healthy individuals.66 Rammer
t al. proposed that miR-18a may  be involved only in the initial
teps in tumor progression such as invasion beyond the submu-
osa, and its role in further progression is limited. They indicated
hat the level of miR-18a depends on the T-stage of colon carci-
oma. The highest level of miR-18a is shown for T3 samples, then

t decreases and, finally for T4 and T1-stage cancers, it is similar.
oreover, the expression of miR-18a is not connected with lymph

ode metastasis.67 In contrast to this, gastric cancer cell metastasis
ay  be caused by down-regulation SMAD2 and up-regulation of
NT/�-catenin signaling by miR-18a and miR-19a. Moreover, IRF-

 regulates the expression of miRNAs from the miR-17-92a cluster
y binding to the MIR17HG promoter site, and the use of IFN-�
o regulate miR-18a and miR-19a expression causes inhibition of
ancer metastasis.68

In spite of this evidence of the specific role of miR-18a, which
omes from different cancer models, the role of miR-18a in cancero-
enesis is indisputable. miR-18a is up-regulated in many cancers,
uch as: ovarian,69 breast,70–72 intestine,73 gastric cancer,68,74

asopharynx,50,75 lung,64,76 osteosarcoma,77 glioblastoma,78

olorectal,79 prostate,80,81 pancreatic cancer,82 esophagus
denocarcinoma,83 head and neck cancers,84 retinoblastoma,85

mbryonic hepatoblastoma.86 Down-regulation of miR-18a was
eported in epithelial ovarian cancer,87 in gastric cancer88 and in

xosomes isolated from multiple myeloma patients.89 According
o The Cancer Genome Atlas (TCGA) project (data available by
tarBase v3.0), miR-18a-5p is significantly up-regulated in 13
ifferent cancers, COAD, UCEC, BLCA, HNSC, LUAD, STAD, KIRC,
y and Radiotherapy 25 (2020) 808–819 811

PRAD, BRCA, ESCA, LUSC, LICH, KIRP with fold change from 91.92
to 1.60. Only for two  types of cancer, PAAD and THCA, a significant
down-regulation of miR-18a-5p is indicated, with fold change
of 0.44 and 0.41, respectively, Fig. 2. However, the observed
difference between single, independent studies and TCGA project
may  be due to the fact that in the TCGA project only a small part of
analyzed samples were normal (no-cancer tissue) and they were
not matched-adjacent normal samples (from the same patient) in
contrast to independent studies.

The role of individual members of the miR-17-92a cluster in the
process of tumor formation is unclear. This cluster can act both as a
suppressor or an oncogene. Likewise, miR-18a can take both roles,
Table 2. The suppressor role of miR-17-92 was  shown in prostate
cancer. It was  indicated that the restoration of all members of this
cluster induces changes in cell morphology, MET  (mesenchymal-
to-epithelial transition) process, reduction of cell proliferation,
inhibition of cell migration in vitro, delay tumorigenicity and reduc-
tion of tumor growth in vivo. Moreover, according to Ottman
et al. studies, miR-17-92a induces prostate cell sensitivity and its
inhibition could be used as a new therapeutic approach.90 Simi-
lar results were indicated by Liu et al., where over-expression of
miR-18a induces cell cycle arrest, apoptosis and reduces tumor
growth in vivo. miR-18a directly targets the tumor protein TP53-
regulating inhibitor of apoptosis gene 1 (TRIAP1) and inositol
phosphate multikinase (IPMK).91 The suppressor role of miR-18a
was also indicated in lung cancer cells and cancer initiating cells.
The over-expression of miR-18a causes radiosensitivity, reduces
tumor growth in vivo and slightly influences overall survival in an
animal model.92

However, not all members of the miR-17-92a cluster can act
as suppressors. Guo et al. checked the role of the miR-17-92a
cluster as a whole transcript as well as individual members from
the cluster. The authors indicated that the miR-17-92a cluster
is down-regulated after celastrol therapy inducing autophagy in
prostate cancer, but only miR-17 and miR-20a, through target-
ing ATG7 mRNA, are responsible for the inhibition of autophagy.
miR-18a seems to act as a negative modulator of the autophagy
process and miR-17 together with miR-20a can overcome this miR-
18a-blocking effect.21 However, it was also noted by others that
miR-18a can induce the autophagy process.54 Humphreys et al.
underlined that probably miR-18a has an adverse role to other miR-
NAs from the miR-17-92a cluster. It was  assumed that miR-18a may
have a homeostatic function and prevent the oncogenic effect of the
miR-17-92a cluster in colorectal cancer. The increased miR-17-92a
cluster expression without increased miR-18a may promote tumor
progression.93

Tumor growth and proliferation. Generally, miR-18a induces
cell proliferation, for example by regulating WEE1, a cell cycle
inhibitor.94 However, in colorectal cancer, the increased expres-
sion of miR-18a results in decreased proliferation and migration of
tumor cells and increases their apoptosis. Humphreys et al. indi-
cated that the cell cycle regulator, CDC42, is the direct target of
miR-18a.93 On the other hand, it was shown that miR-18a sup-
presses cell proliferation in the T24 (human bladder carcinoma)
cell line. In this case, the Dicer enzyme is regulated by miR-18a
and there is a feedback loop that controls the expression of the
miR-17-92a cluster as a whole.95 It was also shown that miR-18a
regulates K-RAS and suppresses the development of squamous cell
carcinoma and other tumors.96 In contrast to this, Liu et al. indi-
cated that miR-18a has no effect on either the proliferation ratio or
apoptosis of cervical cancer cells.97

In glioblastoma cancers, the reduction of miR-18a causes sup-

pression of cell proliferation, migration and invasion as well as
induces cell cycle arrest and apoptosis. These effects are connected
with the expression of neogenin, which is the direct target of miR-
18a.78 Similarly, the reduction of miR-18a decreases cell growth
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Fig. 2. Expression of miR-18a-5p in different types of human cancer according to TCGA database. StarBase v3.0 data - modified; COAD (colon adenocarcinoma), UCEC
(uterine corpus endometrial carcinoma), BLCA (bladder urothelial carcinoma), HNSC (head and neck squamous cell carcinoma), LUAD (lung adenocarcinoma), STAD (stomach
adenocarcinoma), KIRC (clear cell kidney carcinoma), PRAD (prostate adenocarcinoma), BRCA (breast cancer), ESCA (esophageal carcinoma), LUSC (lung squamous cell
carcinoma), LIHC (liver hepatocellular carcinoma), KIRP (kidney renal papillary cell carcinoma), PAAD (pancreatic adenocarcinoma), THCA (papillary thyroid carcinoma).
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Table  2
Characteristic of miR-18a as a cellular regulator.

Positive role Negative role

• Induction of changes in cell morphology by
mesenchymal-to-epithelial transition process
and influence on cancer initiating cells

• Induction of changes in
cell morphology by
epithelial-to-mesenchymal
transition process

•  Reduction of cell proliferation • Involvement in initial
steps of tumor progression

•  Induction of cell cycle arrest • Induction of cell
proliferation and influence
on higher cell viability

•  Induction of apoptosis • Higher expression in
advanced and higher grade
tumors

•  Negatively modulation of autophagy process • Increasing of tumor
growth and metastases

• Inhibition of cell migration • Induction of cell
resistance to
chemotherapeutic agents

•  Tumorigenicity delay • Positive modulation of
autophagy process

•  Reduction of tumor growth in vivo
• Induction of cell sensitivity to irradiation and
drugs
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• Homeostatic function, prevention of the
oncogenic effect of miR-17-92a cluster

n prostate cancer cells by directly targeting STK4, which in turn
nfluences the dephosphorylation of AKT.80

Cellular phenotype. miR-18a also plays a role in the regula-
ion of cellular phenotype, the EMT  process and the metastasis of
ancer cells. The first evidence of miR-18a participation in pheno-
ype regulation processes is a correlation between a higher level of

iR-18a and more advanced and higher grade tumors.78 Luo et al.
bserved that miR-18a reduces the expression of e-cadherin and

ncreases the expression of vimentin, ZEB1, ZEB2 and fibronectin.
his demonstrates the role of miR-18a in the transition from epithe-

ial to mesenchymal phenotype.50

Response to stress and apoptosis. Analysis of the irradiation
nfluence on breast cancer cells showed that the expression of
he miR-17-92a cluster is dysregulated after irradiation, which
epends on the irradiation method and the dose. Functional anno-
ation indicated that the miR-17-92a cluster’s target genes are
nvolved in the regulation of radiation-associated pathways, such
s MAPK, ERBB, TP53, WNT, transforming the growth factor-� (TGF-
), MTOR signaling pathways, and regulate the cell cycle.70 Liu
t al. observed that miR-18a down-regulates ATM expression by
irectly targeting 3’UTR of ATM mRNA.97 Mutations within the ATM
ene or the repression of the ATM protein were found in many
ypes of cancers.98 It was demonstrated that over-expression of

iR-18a reduces the DNA damage repair (DDR) process and the
fficiency of homologous recombination-based DNA repair (HRR)
hich causes cells sensitization to radiation treatment in breast

ancer cell lines. Generally, the inhibition of miR-18a reduces cel-
ular radiosensitivity.97 Similarly, miR-18a is down-regulated in
rradiated lung cancer cells and the over-expression of miR-18a
auses cellular radiosensitivity by targeting ATM and HIF-1�  in lung
ancer cells, as well as in CD133+ stem-like cells.92

Based on the colon cancer model, it was  indicated that
p-regulation of miR-18a induces apoptosis. The direct bind-

ng of miR-18a to HNRNPA1 in the cytoplasm causes inhibition
f the oncogenic functions of the ribonucleoprotein. More-
ver, miR-18a and HNRNPA1 form a complex that is degraded
hrough the autophagolysosomal pathway leading to cellular

eath.99

In gastric carcinoma cell lines, under hypoxic conditions, the
xpression of miR-18a is decreased which promotes apoptosis
nd the inhibition of cell invasion. The hypoxia-inducible fac-
y and Radiotherapy 25 (2020) 808–819 813

tor (HIF)-1� was identified as a direct target of miR-18a, which
induces apoptosis via the HIF-1�/mitochondrial apoptosis path-
way through changes in the expression of BCL-2, BAX, caspase-3
and caspase-9.100 Uhr et al., based on 36 breast cancer cell lines
models, checked different drugs and the relation between cells sen-
sitivity and changes in expression levels of 411 miRNAs. Taking
into account different molecular subtypes of breast cancer, they
observed a connection between 11 miRNAs and 8 different drugs,
where miR-18a together with let-7d was  connected with sensitivity
to Tivantinib (highly selective inhibitor of tyrosine-protein kinase
Met).101 In the case of paclitaxel resistance triple-negative breast
cancer patients, the over-expression of miR-18a directly leads to
Dicer repression at mRNA and protein levels and increases the cell
viability and chemotherapy resistance in vitro.71 Different models
of induced apoptosis and paclitaxel resistant triple-negative breast
cancer cells were presented by Fan and co-workers. They showed
that the enforced expression of miR-18a directly leads to increased
autophagy via inhibition of the MTOR signaling pathway.102 In
pancreatic cancer cells miR-18a probably also plays a role in the
apoptosis and autophagy processes, but this statement was not
directly shown.103 Ottley et al. demonstrated that Activin A, which
is a member of the TGF-� superfamily and is an inhibitor of tumor
growth, down-regulates the miR-18a expression in prostate cells,
influences the expression of ACVR2A, TGFBR2, CDKN1B and corre-
lates with Activin A-mediated growth arrest.104

Based on miRDB database for miRNA target prediction potential
miR-18a-5p targets were analyzed. Over 380 targets with target
score > = 50 were indicated and these targets are involved in impor-
tant cellular processes such as signal transduction, gene expression
(transcription), immune system, metabolism of proteins, pro-
gramed cell death, transport of small molecules, chromatin
organization or involvement in developmental biology processes
indicated by the PANTHER (Protein ANalysis THrough Evolutionary
Relationships) classification system, Fig. 3A. Using starBase v3.0
tool, the correlation between miR-18a-5p and 50 of the top pre-
dicted targets for 15 types of cancer (TCGA) were analyzed. Our
analysis indicated that COAD, UCEC, BLCA, HNSC, LUAD, STAD, ESCA
and LUSC are the most similar cancers in terms of the expression
of miR-18a-5p targets, Fig. 3B.

4. miR-18a and other diseases and pathological conditions

It should be noted that the expression of miR-18a is also changed
in other diseases and pathological conditions. The up-regulation
is observed in drug-induced cutaneous reaction (toxic epidermal
necrolysis),105 or in inflammation conditions such as mucosal of
the bowel.106

Zhang et al. indicated that in the case of idiopathic pulmonary
fibrosis miR-18a is down-regulated in the pleural mesothelial cell
after bleomycin treatment and miR-18a-5p reduction contributes
to the EMT  process. miR-18a directly regulates the mRNA of TGF-
�RII (transforming the growth factor � receptor II) and suppresses
the TGF-�-SMAD2/3 signaling pathway, causing changes in the cell
phenotype. The over-expression of miR-18a can prevent this pro-
cess and overcome the negative bleomycin-induced sub-pleural
fibrosis in mouse models.107 Similar results were observed by
Geng et al. Based on an in vitro model of human aortic valvu-
lar endothelial cells (HAVECs), they observed that up-regulation
of miR-18a-5p prevents endothelial-mesenchymal transition and
cardiac fibrosis induced by high glucose concentration. miR-18a
was identified as a direct regulator of NOTCH2 expression, which

in turn regulates cellular phenotype. Molecular modulation of miR-
18a-5p/NOTCH2 axis can be a promising approach to treatment of
diabetic cardiomyopathy.108 The prominent role of miR-18a was
also described in the case of muscle physiology. Higher expres-
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ig. 3. Predicted miR-18a-5p targets according to miRDB database. (A) Participatio
f  miR-18a-5p targets expression and heat-map and clustering of the top 50 miR-
3.0  databases.

ion of miR-18a causes negative changes in the differentiation
rocess and leads to myotubes atrophy. miR-18a targets 3’UTR
f IGF1 and through modulation of IGF1/PI3K/AKT signaling neg-
tively influences on the protein expression in muscle cells.109

in et al. proposed that miR-18a could be used as an important
olecular target in the diagnosis as well as treatment of acute
yocardial infarction. They observed that down-regulation of miR-

8a can prevent the cellular senescence and induced autophagy
f cardiomyocytes through up-regulation of BDNF (brain derived
eurotrophic factor) expression and inhibition of the AKT/MTOR
xis.110

In the case of toxic epidermal necrolysis, the over-expression
f miR-18a causes an increase of caspase-9 activity, directly
own-regulates the BCL2L10 and mediates intrinsic keratinocyte
poptosis.105

. miR-18a as potential biomarker

miRNAs seem to be good diagnostic, prognostic and predictive
iomarkers. It turns out that miRNAs potentially show all the fea-
ures of a classic biomarker, such as: i) characterization of specific
onditions and differentiation groups; ii) simplicity of acquisition
rom a variety of biological materials; iii) stability and iv) easy and
nexpensive analysis process.111

miR-18a is a good marker with a diagnostic potential to discrim-
nate the cancer and healthy tissue in the case of many cancers.81

oreover, miRNA can define specific histological subtypes of can-
er. For example, a high expression of miR-18a as well as miR-18b

s strongly associated with basal-like breast cancer type.112 Simi-
arly, the level of miR-18a can be used to distinguish the subtypes
f neuroendocrine tumors of the lung. A low level of miR-18a is
haracteristic of typical and increasing for atypical carcinoids and
iR-18a-5p targets in specific biological processes. (B) Similarity of cancers in terms
 targets in 15 different types of cancers. Based on miRDB, PANTHER and StarBase

large cell neuroendocrine lung cancer, and a high expression is
characteristic for small cell lung cancer, especially for high-grade
neuroendocrine pulmonary tumors.113 For diagnostic and prognos-
tic assessment of NPC patients, Zhuo et al. defined miR-18a and
miR-135b as connected with metastasis and useful as potential
biomarkers. It should be noted that miR-18a has a lower diagnostic
accuracy, but the best prognostic ability, and patients with a low
level of miR-18a have a longer overall survival rate.114 Grassi et al.
indicated that miR-18a in combination with miR-182 or miR-183
can be used as a predictive marker where a high level of miRNAs
ratio is observed in the case of relapse after resection of localized
colon cancer.79 In the case of esophageal squamous cell carcinoma
Xu et al. noted that miR-18a can be used as a prognostic marker
for overall survival - patients with a lower expression of miR-18a
have better prognosis.115 In spite of those results, our TCGA analy-
sis, based on starBase v3.0 website, indicated that patients with a
lower expression of miR-18a-5p have a significantly better overall
survival in the case of KIRC, PRAD, ESCA and LIHC. However, patients
with a low expression of miR-18a-5p have a worse prognosis only
in the case of lung squamous cell carcinoma (LUSC). For the rest of
the 10 types of cancers no significant correlation between survival
and expression level of miR-18a-5p is observed, Fig. 4.

Potentially, miR-18a can be used as a marker of resistance to
specific drugs. In the case of diffuse large B-cell lymphoma patients
treated with an anthracyclin-based immuno-chemotherapy reg-
imen scheme, the expression of miR-18a was correlated with
patient’s’ overall survival.116 Hummel et al., based on the in vitro
model of cisplatin and 5-FU-resistant esophageal adeno- and squa-
mous cell carcinoma cells lines, indicated that miR-18a-3p is
down-regulated compared to sensitive cell lines. It is proposed that

miR-18a-3p influences chemotherapy response via regulating the
expression of the K-RAS oncogene.117 Study based on analysis of
residual tumors after neoadjuvant chemotherapy in breast cancer
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Fig. 4. Overall survival depending on miR-18a-5p expression level in different types of human cancer according to TCGA database. StarBase v3.0 data - modified; COAD
(colon  adenocarcinoma), UCEC (uterine corpus endometrial carcinoma), BLCA (bladder urothelial carcinoma), HNSC (head and neck squamous cell carcinoma), LUAD (lung
adenocarcinoma), STAD (stomach adenocarcinoma), KIRC (clear cell kidney carcinoma), PRAD (prostate adenocarcinoma), BRCA (breast cancer), ESCA (esophageal carcinoma),
LUSC  (lung squamous cell carcinoma), LIHC (liver hepatocellular carcinoma), KIRP (kidney renal papillary cell carcinoma), PAAD (pancreatic adenocarcinoma), THCA (papillary
thyroid  carcinoma).
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atients indicated that miR-18a could serve as a prognostic marker.
n the case of luminal type of breast tumors, a high expression
f miR-18a observed after neoadjuvant chemotherapy was linked
ith a worse overall survival. Moreover, authors indicated that
iR-18a is responsible for proliferation of cancer cells and directly

argets the estrogen receptor (ER) mRNA.118,119 Up-regulation of
iR-18a in an in vitro model causes low sensitivity to tamoxifen

s well as up-regulation of genes characteristic for luminal B and
ndocrine resistance breast cancers.118

Wang et al. checked the expression level of miR-34c-3p and
iR-18a-5p in tumor-educated platelet (blood platelets that con-

ain tumor RNAs), which are released into the bloodstream and
an easily be obtained by a liquid biopsy method. They observed
hat both of these miRNAs are significantly up-regulated in NPC
atients, regardless of patients’ demographic variables and their
NM stages, and may  be used as a diagnostic marker.120 It should
e noted that members of the miR-17-92a cluster are present not
nly in tissue or inside the cell. For example, miR-18a is found in
xosomes and as free circulating RNAs in plasma or serum.121–123

t was indicated that exosomal miR-18a is significantly associ-
ted with both progression free survival and overall survival in
he case of multiple myeloma patients.89 In the case of hepato-
ellular carcinoma, the exosomal level of miR-18a is significantly
igher in cancer patients compared to chronic hepatitis B and liver
irrhosis.124

Many studies indicated a free circulating miR-18a as a poten-
ial biomarker for colon cancer,125–127 gastric cancer,128–130

reast cancer,131,132 esophageal squamous cell carcinoma,133

etinoblastoma,134 pancreatic cancer82 and endometriosis.123 In
ost of the studies the expression level of miR-18a is up-regulated

n patients’ plasma/serum.
Circulating miR-18a (with 8 other miRNAs) can be used as a

otential non-invasive multi-marker test in ER-positive early-stage
reast cancer with a high discrimination potential between cancer
nd healthy individuals.132 Similar to these results, Marcuello et al.
roposed to use miR-18a as a component of a miRNA-based panel

n diagnostic of colorectal cancer using serum samples. Moreover,
he authors observed that using the assessment of miRNAs with
stimation of faecal hemoglobin f(Hb) concentration improved
ensitivity and specificity of diagnostics and could be used as a
on-invasive method for early detection of colorectal cancer.135

l-Kafaji et al. observed that the expression of miR-18a is signif-
cantly increased in peripheral blood of prostate cancer patients
ompared to benign prostatic hyperplasia as well as healthy con-
rols. Moreover, a higher level of miR-18a associated with cancer
rogression was noticed.136 It should be noted that this study was
ased on a very small group of patients. However, Ibrahim et al.
roposed the use of plasma miR-21, miR-141, miR-18a and miR-
21 as non-invasive biomarkers for diagnosis of prostate cancer
atients. miR-18a was found to have the best clinical value with

 high discrimination ability to distinguish cancer patients from
ealthy controls, and miR-221, which may  serve as a marker of
etastasis. Authors underline that the combination of miR-18a

nd miR-221 assessment gives the best results and recommended
urther validation in another group of patients.137

In a similar study, miR-18a taken from whole blood of non-
mall cell lung cancer was examined. In this case miR-18a was
p-regulated in cancer patients compared to healthy donors. Unfor-
unately, in spite of good discrimination ability, miR-18a cannot be
aken into consideration as a marker in the diagnostic panel pro-
osed by the authors.138 Fan et al. in the preliminary study based
n plasma from gastric cancer patients, indicated that expres-

ion of miR-17-92a cluster is connected with disease progression
nd response to oxaliplatin/capecitabine chemotherapy treatment.
atients with response to treatment had a decreased level of these
lasma miRNAs in contrast to the group of non-responders, which
y and Radiotherapy 25 (2020) 808–819

characterized a high expression level of miR-17-92a cluster after
chemotherapy.139

Cancer cells are likely to be the source of circulating miR-18a.
Tsujiura et al., based on the in vitro model of gastric cancer cells,
showed that miR-18a is released from cells to media.130 However,
they did not indicate if miR-18a is actively released as free-RNA
(or in a complex with proteins or lipids) or as exosomal miRNA. It
should be noted that nucleic acids can also be released as a result
of apoptosis or necrosis as well as manual destruction of the cell
can highly influence this phenomenon.140 In spite of this, Tsujiura
et al. indicated that plasma miR-18a in gastric patients may  not
be derived from peripheral blood cells and there is no correlation
between different types of blood cells and miR-18a levels.130

Circulating miR-18a is significantly down-regulated in non-
small cell lung cancer patients compared to healthy donors and high
plasma miR-18a expression levels correlate with worse disease
free survival and shorter overall survival.141 Meta-analyses con-
firmed that miR-18a could be a promising noninvasive biomarker
in gastric carcinoma diagnosis.142 Morimura et al. and Hirajima
et al. indicated that the level of miR-18a plasma is significantly
higher in pancreatic cancer and in esophageal squamous cell carci-
noma patients, while in controls and after surgery its expression is
reduced. They also suspected that disease-recurred patients prob-
ably regain a high level of miR-18a.82,133 Unfortunately, in both
studies, pre- and postoperative observations are based on very
small number of cases and they need to be verified to draw far-
reaching conclusions.

What is important, some studies indicated that panels of cir-
culating miRNAs may  have a higher diagnostic value than that
of traditional biomarkers.128 In contrast to this statement, other
authors pointed out that miR-18a, as well as other miRNAs, are not
reliable biomarkers and can only be used to a minimal extent.64,143

In spite of many studies indicating the potential of miRNAs as
biomarkers in colon cancer, there are difficulties to establish a
comprehensive diagnostic panel. None of the studies used the
prediagnostic samples to compare the existing miRNA panel.125

Wikberg et al. checked the expression level of selected miRNAs and
indicated that circulating miR-18a, indeed, can be used as a marker
in colon cancer diagnostics, but it is not useful for estimating the
prediagnostic samples.125 Liu et al. indicated that miR-18a is not
significantly changed in patients’ serum with advanced adenoma
of colorectal cancer compared to control samples, and only miR-21
and miR-92a have a diagnostic and prognostic value.144

6. Conclusions

miR-18a is a member of the miR-17-92a cluster, which is a
unique miRNA from this cluster because of its biological role and
regulation of its transcription. Many studies, as well as the TCGA
project, indicated that miR-18a is mostly up-regulated in different
types of cancer.

The behavior of miR-18a probably depends on the genetic back-
ground of the cell and it may  act both as a suppressor and an
oncogene. The expression of specific members of the miR-17-92a
cluster is not balanced and the members are transcribed as mature
miRNAs with different efficiency, stability and miR-18a is likely
to function as a regulator of the whole transcript. miR-18a has an
effect on a lot of important cellular processes, such as cell prolif-
eration, migration or cancer metastasis. It should be noted that
miR-18a can also regulate the cellular phenotype. Through neg-
ative/positive influence on processes associated with apoptosis,

miR-18a regulates the cell response to stress caused by ionizing
radiation or chemical exposure.

miR-18a can probably be used as a biomarker in the future. A
lot of studies indicated the potential role of this miRNA as a diag-
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ostic, predictive or prognostic tool in clinical practice. Moreover,
he aforementioned studies focused mainly on circulating miR-18a
ighlighting its great usability as a miRNA, which could be poten-
ially selected for designing a tumor genes panel used for liquid
iopsy diagnostics in the future.

To sum up, miR-18a seems to play a dual, suppressive as well as
ncogenic role, in the miR-17-92a cluster, which is referred to as
ncomir-1. The exact role of miR-18a depends on many factors. We
uspect, however, that the most important ones include transcrip-
ional and posttranscriptional regulation. In spite of this, miR-18a
as a significant impact on many cellular processes and its exact
ole is still mysterious.
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