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ABSTRACT

Epigenetics is the changes in a cellular phenotype without changes in the genotype. This term is not limited only to the mod-
ification of chromatin and DNA but also relates to some RNAs, like non-coding RNAs (ncRNAs), both short and long RNAs
(IncRNAs) acting as molecular modifiers. Mobile RNAs, as a free form or encapsulated in exosomes, can regulate neighboring
cells or be placed in distant locations. It underlines the vast capacity of ncRNAs as epigenetic elements of transmission infor-
mation and message of life.

One of the amazing phenomena is long non-coding microRNA-host-genes (Inc-MIRHGs) whose processed transcripts func-
tion as IncRNAs and also as short RNAs named microRNAs (miRNAs). MIR3THG functions as a modulator of important biolog-
ical and cellular processes including cell proliferation, apoptosis, cell cycle regulation, EMT process, metastasis, angiogene-
sis, hypoxia, senescence, and inflammation. However, in most cases, the role of MIR31HG is documented only by one study
and there is a lack of exact description of molecular pathways implicated in these processes, and for some of them, such as
response to irradiation, no studies have been done.

In this review, MIR31HG, as an example of Inc-MIRHGs, was described in the context of its known function and its potential
uses as a biomarker in oncology
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Long non-coding RNAs are important and new elements of cellular control in response

players in cellular function to physiological or pathological signals have trans-

formed our knowledge considering epigenetics.

The word epigenetics for most is the synonym Now, in the “modern era of epigenetic research’,
for changes in the chromatin structure and DNA. we look not only at the chromatin and DNA state
However, it has changed in the last decades, but also, which seems more fascinating, the action
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Figure 1. Two main branches of epigenetics elements involved in cell function can be distinguished and they are based

on DNA and RNA level. On the DNA level, three main changes include: A. DNA methylation: which involves changes

in methylation by adding methyl groups to the DNA molecule and when appeared in the promoter region; B. Histone
modification which is a chemical modification of amino acids that build the histone proteins causing changes in specific
genes'regions; and C. Chromatin remodeling: which causes changes in chromatin structure and generates accessible

and no-accesible parts’ of the genome. On the RNA level it is the production of different types of non-coding RNA molecules
which are involved in: D. Regulation of mRNA and ncRNA levels by sponging mechanism and influencing transcription
process; and E. Modification of RNA molecules by capping, polyadenylation, alternative splicing, and editing. All of these

processes cause modifications in gene transcription

of various molecular regulators, such as non-cod-
ing RNA (ncRNA) [1] (Fig. 1). ncRNAs consist of
constitutive RNAs: tRNA, rRNA, snRNA, snoRNA,
and a group of regulatory RNAs: siRNA, piRNA,
miRNA, NAT, circRNA, and IncRNA [2-4]. Though
long non-coding RNAs (IncRNAs) are not translat-
ed into proteins, they become over time valuable
and significant molecules. The IncRNAs consist
of over 200 nucleotides and their activity enables
them not only to interact with proteins and oth-
er RNAs but also to regulate gene transcription
and expression through changes in the structure of
chromatin [5, 6]. Specified types of IncRNAs play
a role in signaling, decoying, guiding, and building
scaffolds for proteins and other RNA molecules [7].

Fragments encoding IncRNAs can occupy inter-
genic or intragenic positions. Specific intragenic
genes can be located in intron, enhancer, promot-
er, or 3’'UTR flanking regions [5, 6]. Here, it is im-
portant to mention that the IncRNAs of interest are
closely related to genes that are encoded in the vi-
cinity of the paired mRNA, resulting in their in-
teraction with each other. IncRNAs appear to play
an important role in the regulation of gene tran-
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scription in the nucleus or subsequent post-tran-
scriptional modifications in the cytoplasm. Despite
the opportunities afforded by IncRNA research,
many difficulties are still encountered in fully un-
derstanding them due to their location in the ge-
nome. It should be noted that more than 50% of
IncRNAs are long intergenic non-coding RNAs
(lincRNAs) with no annotated proteins but some
short peptides can also be found [8]. The direction
of transcription and the distance at which the tran-
script responsible for encoding protein is located
from the IncRNA lead to the division of this group
of RNAs into four classes: i) located on the same
strand, ii) convergent, iii) divergent, and iv) isolat-
ed, which are located at least 50 kb from the clos-
est protein-coding gene [15]. The main challeng-
es in understanding the mechanisms of IncRNAs
behavior are caused by different expression levels
depending on tissue localization [10], frequent het-
erogeneity of isoforms, and numerous repeats in
transcriptional initiation regions [11]. Moreover,
as IncRNAs have been shown to vary with different
expression levels, the specificity of their function
in different cell types changes [12]. As it emerged,
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dysfunction of the activity or cellular mechanisms
of IncRNAs may appear through pathological
states including tumor progression through influ-
ence not only on the chromatin structure but also
on several transcription factors [13]. According to
GENCODE, NCBI Refseq, LNCipedia, and NON-
CODE number of IncRNAS’ genes is estimated be-
tween 56’946 to 17°952 locus which gives 27’381
to 172°216 transcripts [14-17]. It is proven that
aberration of both coding and non-coding RNAs
play a crucial role in cancer biology [18]. IncRNAs
regulate cell growth, cell cycle, cell phenotype,
migration and invasion ability, and apoptosis [7].
The functions and activity of IncRNAs are still be-
ing investigated. More and more new elements are
added, such as the possibility of interaction of In-
cRNAs with RNAi molecules, for example UCAI,
CASC2, GASS5, FERIL4, WDFY3-AS2, TP53TGl,
FENDRR or SNHGI IncRNAs with miR-18a
[19]. What is more interesting, IncRNAs, such as
MIR31HG, can be host genes for miRNAs and play
a dual role as IncRNA and as a primary-miRNA
transcript.

MIR31HG is a member of long
non-coding microRNA-host-genes

MIR31 host gene (MIR31HG) belongs to
a group of long non-coding microRNA-host-genes
(Inc-MIRHGsS) distinguished from IncRNAs due
to coding the microRNA gene and transcript.
MIR31HG functions in two specified RNA forms, as
along transcript, IncRNA, and as a host gene, which
under processing is changed into a short non-cod-
ing RNA molecule, microRNA named miR-31. Dhir
et al. estimated the distribution of miRNA between
IncRNA and protein-coding genes and it is 82.5%
and 17.5%, respectively. These IncRNAs can be di-
vided into lincRNA (57.1%), pseudogene (13.2%),
antisense (16.0%), and other (19.0%) types of tran-
scripts. Moreover, these IncRNAs are the source of
about 17.5% of miRNAs in humans [20].

It should be noted that Inc-MIRHGs are
an under-studied class of IncRNAs in contrast to
the well-known microRNAs which are hosted by
them [21].

It is worth mentioning that miRNAs are tran-
scribed as pri-miRNAs whose structure includes
a terminal loop, stem, and 50 and 30 single-strand-
ed overhangs at the ends. According to miRbase
and GENCODE, there are 1’917 human miRNA

genes, 1’917 hairpin precursors, and 2’654 mature
sequences, and 1’881 miRNA genes [22]. Pri-miR-
NA does not perform the gene silencing func-
tion, so it is post-transcribed through canonical
or non-canonical miRNA biogenesis pathways
[23]. miRNAs, concerning their relationship with
MIRHGsS, can be categorized into: i) intronic, ii)
exonic, ii) exon-intron junction (SO-miRNAs),
and iv) intergenic miRNAs. These localizations
in the gene and genome influence their biogen-
esis [21]. There are two main proposed biogene-
sis models of MIRHG and its intragenic miRNA: i)
synergetic model which includes mirtron process-
ing, cooperative of the splicing machinery and mi-
croprocessor, and a splicing-independent manner
of miRNA production with the presence of splic-
ing factors, and the second model, ii) competi-
tion model where miRNA production is alternative-
and non-alternative-splicing-mediated. A detailed
description of these two models is presented by Sun
et al. [21]. It was shown that there is a correlation
in expression between the miRNA and the corre-
sponding MIRHG. Moreover, miRNA molecules,
which are usually located within 50 kb, are derived
from a single transcript. When miRNAs originate
from an intron region, their expression is often cor-
related with MIRHG expression [26]. It should be
noted that the expression of MIRHG can be regu-
lated by tumor cells, more specifically by the pro-
moters. The changes in methylation of the above
promoters result in an altered expression of the en-
coded miRNA [27]. Moreover, in the case of intra-
genic miRNAs and their host, a negative feedback
loop can be created which regulates the level of
both transcripts [21]. It is worth noting that the ex-
pression of miRNA and MIRHG pairs is not always
related in this way, but in some cases, it offers great
diagnostic possibilities [27].

MIRHGs function as primary transcripts of miR-
NAs but some evidence indicates they also have
the ability to act the role as IncRNA transcripts.
Some authors show the miRNA-independent role
of Inc-MIRHGs such as MIR22HG, MIRI100HG,
MIR205HG/LEADeR, RMST, CYTOR, LINC01138,
LINC-PINT, MIR503HG, NEATI1, PVTI, H19 or
MIR222HG, which are fully described by Sun et al.
[25]. MIRHGsS can be categorized as oncogenes or
tumor suppressors, but this function can be spe-
cific to the type of cancer. MIRHGs can: i) act as
ceRNA elements, ii) interact with DNA elements,
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or iii) with proteins as well as vi) regulate the in-
teraction with proteins [25]. All these capabilities
and functions make them an astonishing group of
RNA molecules. Therefore, in this review we will
continue to focus on one of them, MIR31HG, pre-
senting the current state of knowledge.

MIR31HG — localization in the genome
and biogenesis

The MIR3IHG molecule has been known in
the past by names: LOC554202, hsa-Inc-31, or
IncHIFCAR. 1t is localized on chromosome 9
and consists of 4 exons. The length of the whole
MIR31HG is about 150-106 Kb [28, 29]. Accord-
ing to GeneCards The Human Gene Database,
the latest assembly of genomic locations shows
that MIR31HG Gene is situated on the minus
strand orientation on chr9:21°380°073-21'591°766
(GRCh38/hg38) and its size is estimated as
211’694 bases [29]. Based on GeneHancer (GH)
data, 3 different enhancers and 2 different pro-
moter/enhancer regions were distinguished for
the MIR31HG gene, which creates regulatory ele-
ments and has the transcription factor binding sites
such as: different TRIM, ZNE MYC, STAT3, ZEB2,
NANOG or EZH2 proteins [29].

MIR31HG is over 200 nucleotides long and it is
transcribed by RNA polymerase IT and the mature
transcript is polyadenylated. Augoft et al. showed
that the MIR3IHG (LOC554202) transcript is
2’246 bp long and it does not encode any pro-
tein products [27]. Moreover, the MIR31HG gene
does not encode any short peptides which could
be produced by this type of transcript [29]. These
features cause MIR31HG to be indisputably clas-
sified as a long non-coding RNA (IncRNA). How-
ever, MIR31HG belongs to the unique subtype of
IncRNAs because, in the first intron of MIR31HG,
it harbors a sequence of other type of ncRNA mol-
ecule which is classified as a short-noncoding
RNA, named miR-31. It should be noted that this
first intron contains a CpG island, which is re-
sponsible for the transcription regulation of both
types of ncRNA molecules [27]. What is interest-
ing, the MIR31HG transcript is not post-transla-
tionally modified and 32 different transcriptional
variants are distinguished with a length between
287 and 10’980 bp. It should be noted that no or-
thologs or paralogs for MIR31HG have been iden-
tified up to date [29].

The expression level of MIR31HG is tissue-spe-
cific and according to the GENE NCBI, the highest
expression is observed in normal tissue taken from
the urinary bladder and the lowest in the pancreas,
liver, and heart [28].

The biological function of MIR31HG

It is known that MIR31HG plays an import-
ant role in cellular processes whose disturbance
causes cancerogenesis or increases the rate of this
process. The most described, where MIR31HG is
involved, are cell proliferation, cell cycle, invasive-
ness, EMT process as well as apoptosis. However,
MIR31HG has also been described in the context
of angiogenesis, hypoxia, senescence, or inflamma-
tion (Fig. 2).

Cell proliferation and cell cycle

One of the most characteristic biological func-
tions linked with MIR31HG is its influence on
cellular proliferation. Nie et al. were the first to
observe that upregulation of MIR31HG caused
lower cell proliferation of gastric cancer cells in
vitro and in vivo and its knockdown caused a re-
versed effect partly by regulating E2FI and p21
[30]. Similarly, in HNSCC (head and neck squa-
mous cell carcinoma) cells the knockdown of
MIR31HG affects proliferation, cell cycle ar-
rest in G1 or S phase, and apoptosis. This effect
was caused by decreasing expression of HIFIA
and CCNDI, and increasing p21 on mRNA
and protein levels [31]. However, the opposite
effect was observed in the case of breast cancer,
where silencing of MIR31HG expression inhibits
the proliferative ability of the cells, and its func-
tion is linked with the POLDIP2 expression level
[32]. Similarly, in lung squamous cell carcinoma
(LSCC), inhibition of MIR31HG causes reduced
cell proliferation, but the molecular way was not
clearly explained [33]. Another study showed that
MIR31HG knockdown inhibits not only cancer
cell migration but also colony formation and cell
proliferation [34].

In addition to the tumors’ model, also in the case
of human periodontal ligament stem cells, the in-
fluence of of MIR31HG on proliferation was found.
Methylation of the MIR3IHG promoter induced
by mechanical force causes reduced expression
of MIR31HG and upregulation of IL-6, DNMTI,
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Figure 2. Dysregulation and function of MIR31HG as a potential biomarker in different types of cancers. Red arrows indicate
an increase, and blue, a decrease in the level of MIR3THG expression in a tumor of a given location

and DNMT3B. The changes in the stem cells’ prolif-
eration can be overcome by DNMT1 and DNMT3B
knockdown, which interact with the upstream re-
gion of the MIR31HG promoter and induce its ex-
pression [35].

Invasiveness and EMT process

The migration and invasive ability are also
linked with MIR31HG. It caused higher invasive-
ness of breast cancer cells [32] as well as of lung
cancer cells [33]. It was observed that in the case
of non-small-cell lung carcinoma (NSCLC), reduc-
tion of MIR31HG expression was associated with
the EMT process and manifested by reduction of
Twist]l and Vimentin expression and upregulation

of E-cadherin. Authors stated that MIR31HG caus-
es changes in the Wnt/p-catenin signaling pathway
by reduction of GSK3f and B-catenin and also its
knockdown was linked with phosphorylation of
GSK3p [33]. It should be noted that MIR31HG,
depending on the cellular state, does not induce
cancer cell invasion but promotes paracrine se-
nescence [36]. The role of MIR31HG in the EMT
process was also observed in osteosarcoma, where
upregulation of MIR31HG caused down-regulation
of miR-361. This effect was manifested by upregula-
tion in the protein levels of miR-361’s target genes,
vascular endothelial growth factor (VEGEF), fork-
head box M1 (FOXM1), and Twist in in vitro model
and patients samples, as well as by downregulation
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Figure 3. MIR3THG functions as a modulator of important biological and cellular processes including cell proliferation,
apoptosis, cell cycle regulation, EMT process, metastasis, angiogenesis, hypoxia, senescence, and inflammation

of E-cadherin observed in cell lines after upregula-
tion of MIR31HG [37].

Apoptosis

Feng et al. based on nasopharyngeal carcinoma
indicated that the knockdown of MIR31HG caus-
es inhibition of apoptosis by negative regulation of
the PI3K/AKT signaling pathway [38]. Moreover,
based on U20S and Saos-2 cell lines it was indicated
that apoptosis could be regulated by the expression
level of miR-361 and its targets, VEGF, FOXM1,
and Twist, as well as by changes in anti-apoptosis of
B-cell lymphoma 2 (BCL2) and cyclin D (CCND1)
proteins levels whose expression was inhibited by
artificial up-regulation of MIR31HG [37].

Inflammation

Gao et al’s studies identified the elevation of
MIR31HG in psoriatic skin. The expression of two
types of keratin, KRT6 and KTRI6, was signifi-
cantly up-regulated in keratinocytes from patients
with psoriasis in comparison to normal samples,
and MIR31HG-dependent. As mentioned before,
also the cell cycle was changed after MIR31HG
silencing in keratinocytes and it was shown that

there were more keratinocytes in the G2/M phase
relative to cells in the S phase, indicating that
MIR31HG knockdown inhibits the proliferation of
HaCaT keratinocytes. Moreover, it was indicated
that stimulation of proinflammatory interleukin
17A (IL-17A), interleukin 22 (IL-22), tumor necro-
sis factor alpha (TNF-a), and interleukin 1 alpha
(IL-1a) cytokines was able to elevate MIR31HG ex-
pression. It should be noted that BAY, NF-kB inhib-
itor, and p65 regulations additionally showed that
NF-xB activation has an impact on MIR31HG [39].

Senescence

Senescence can also be induced in the presence
of oncogenes as a response aimed at tumor sup-
pression, such a mechanism is called oncogene-in-
duced senescence. A group of researchers has
shown that MIR31HG is also involved in this in-
duction [40]. Montes et al. based on cell models,
showed that MIR31HG plays a dual role depend-
ing on the localization in cytoplasm and nucleus.
MIR31HG is overexpressed and translocates to
the cytoplasm during BRAF-induced senescence
and by kinase RSK causes phosphorylation of
YBXI1.Finally, it changes the senescence-associ-
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ated secretory phenotype (SASP) of cells by IL1A
translation activation [41].

MIR31HG can be used as a biomarker

The potential role of MIR31HG as a biomarker
was analyzed on both the Cancer Genome Atlas
(TCGA) data and collected samples by specified re-
search groups or cell lines. However, independent
research about the same cancer type was done in
only a few cases [33, 34, 42-53]. A growing number
of studies indicate that MIR31HG plays an import-
ant role in cancer as an oncogene or as a Suppressor.
It was shown that MIR31HG is down-regulated in
gastric cancer [30], bladder cancer [34, 42], hepa-
tocellular carcinoma [57], pancreatic ductal ade-
nocarcinoma [58], and glioblastoma [65]. More-
over, up-regulation of MIR31HG was indicated in
the case of breast cancer [32], head and neck cancer
cancers [31, 67, 68], melanoma [54], cervical carci-
noma [56], osteosarcoma [57], non-small cell lung
cancer [33, 43, 44], lung adenocarcinoma [44-47],
colorectal cancer [48-51], thyroid cancer [52, 53],
as well as papillary thyroid cancer [64]. It should
be noted that two independent studies checking
the role of MIR31HG in esophageal squamous cell
carcinoma indicated opposite expression levels of
this IncRNA [59, 60].

MIR31HG can be used as a diagnostic biomark-
er and it is detectable in tissue as well as in bio-
logical fluids such as plasma [31, 60]. Moreover,
MIR31HG could describe the more invasive types
of cancer, with advanced tumor-nodules-me-
tastases (TNM) stages, lymph node invasion as
well as distant metastasis [31, 32, 43, 54, 57, 59,
60, 62] and its higher expression is associated
with worse disease-free and overall survival (OS).
However, the opposite meaning of MIR31HG as
a prognostic biomarker is observed in the case
of bladder cancer [42], hepatocellular carcinoma
[57], esophageal squamous cell carcinoma [59],
and gastric cancer [30]. For these cancers, a high-
er expression level of MIR31HG is negatively cor-
related with more advanced TNM-stage [30, 42,
57], with lower tumor nodule number, vascular
invasion [57], metastasis [57, 59] or poor tumor
differentiation [59]. Analysis of patients’ surviv-
al revealed that the higher expression levels of
MIR31HG were associated with longer survival
for these types of cancers [30, 57, 59].

In the end, it should be noted that Chang et al.
indicated potential features of MIR31HG as a pre-
dictive biomarker, and higher levels of MIR31HG
were associated with increased cisplatin resistance
[55], but there is only one study exploring this prob-
lem. All studies and results describing MIR31HG as
a biomarker are included in Table 1.

“Small but crazy”: miR-31

miR-31 is a short non-coding RNA, classified
as microRNA (miRNA), and is the product of spe-
cific cleavage of MIR31HG transcript. miRNA mol-
ecules can be responsible for controlling many
genes in a differentiated way [69, 70]. miR-31 af-
fects many processes not only in normally func-
tioning cells, but is also important in disease
and cancer processes. Based on results obtained
from different tissues and cancer cell lines it was
demonstrated that miR-31 exhibits a whole spec-
trum of expression depending on tissue type. It
is worth mentioning that the miR-31 precursor
was present in all tested cell lines but its mature
form was predominantly found in tumor cell lines
[71]. miR-31 regulates cell proliferation by affect-
ing the genes responsible for this process, such as
LATS1, and CREG, in vascular smooth muscle cells
(72, 73]. An excellent example is the mechanism
studied in colon cancer cells when miR-31 overex-
pression targets E2F2, which acts as a tumor sup-
pressor on colon cancer cell proliferation [74]. As
for Ewing sarcoma, the effect of miR-31 was iden-
tified as a tumor suppressor. In cell lines transfect-
ed with miR-31, there was a significant reduction
in Ewing sarcoma cell proliferation, as well as in-
creased apoptosis resulting in a decrease in tumor
invasiveness [75]. The expression level of miR-31
in cervical cancer, CIN, and normal uterine tissues
was also examined. The results proved that the ex-
pression in cancer cells was elevated compared to
non-tumor cells, and in addition, this phenomenon
appeared to be associated with the occurrence of
lymph node metastasis (LNM). It was demonstrat-
ed that such an effect increases cell proliferation,
and cell migration, and thus invasiveness is also
significantly increased, indicating that miR-31 acts
as an oncogene in this case [76]. In patients with
non-small cell lung cancer (NSCLC), a relationship
was discovered between the expression levels of
MIR31HG and, consequently, miR-31, and the pro-
liferation and clonogenic growth of tumor cells.
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The study showed that reducing their expression
in vitro also reduces the growth of NSCLC cells,
supporting the fact that miR-31 had an oncogenic
effect [77].

Moreover, miR-31 plays an important role in
the induction of senescence in breast cancer cells.
Obtained results showed that overexpression
of miR-31 affected the repression of the polycomb
group (PcG) protein BMI1, accompanied by the in-
duction of cell aging. This offers the prospect of ma-
nipulating miR-31 expression to control senescence
and oncogenesis in breast cancer [78]. Few stud-
ies are based on healthy tissues and the effects on
the aging of non-tumorigenic cells. For example,
miR-31 influences aging by regulation of dystrophin
protein. Increased expression of miR-31 resulted in
direct inhibition of the translation of this protein
which causes aging and damaged processes in mus-
cle cells [79]. Capri et al. examined the miRNA ex-
pression levels to determine the age match between
donor and recipient in the case of hepatocytes. It
was indicated that miR-31 is hyper-expressed in
older donors, at levels up to 4.5 times higher than
in younger individuals. Interestingly, these results
were only noted in male patients, and female sam-
ples showed only a trend of increased expression
with age [80]. Moreover, it was indicated in the case

[44]
(68]

response, cell proliferation, apoptosis, transmembrane transport or small molecule metabolic processes
1459 IncRNAs (846 up-and 613 down-regulated) and 238 mRNAs (1542 up- mRNAs and 839 down-
MIR31HG was positively correlated with HIF1A and IncRNA NR_027340 was positively correlated with ITGB1

Only PLAU was validated using qRT-PCR and was upregulated in SK-MES-1 cells compared with 16-BBE-T
regulated) were differentially expressed,

Only IncRNA MIR99AHG positively correlated with OS and PLAU, miR-31-5p, miR-455-3p, FAM83A-AS1,

and MIR31HG were negatively associated with OS
Changed genes were associated with signal transduction, cell adhesion, blood coagulation, immune

3’366 mMRNAs, 79 miRNAs and 151 IncRNAs were identified as involved in development of LUSC

ITGB1, HIF1A, and DDIT4 were core mRNAs involved in matrix organization, cell cycle, adhesion,

and metabolic pathway
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downregulates selected stem cell factors mentioned
above, which may suggest a reciprocal control of
these molecules in astrocytogenesis, where miR-31
plays a key role [83].

However, based on the PubMed.org database,
only 5 studies took into account both types of tran-
scripts, miR-31 and MIR31HG. Tu et al. observed
co-upregulation of miR-31 and MIR31HG in oral
squamous cell carcinoma, with a linear correla-
tion between both ncRNAs estimated to R = 0.304
and p = 0.047 in patients’ samples [84]. Another
study, done by Chang et al. showed that artificial
upregulation of MIR31HG caused the significant
elevation of MIR31HG and miR-31 in two cancer
cell lines [85]. Surprisingly, Qin et al., in lung ad-
enocarcinoma, indicated no correlation between
MIR31HG and miR-31, and the down-regula-
tion of MIR31HG did not cause decreased levels
of miR-31 [45]. Moreover, some evidence indicates
that MIR31HG does not always regulate the level
of miR-31. It was pointed out that MIR31HG regu-
lates miR-361 and downstream targets influencing
cellular phenotype of osteosarcoma cell lines [37].

It is surprising that for some studies the au-
thors did not analyze the common correlation be-
tween miR-31 and MIR31HG, which makes it
difficult to assess the actual interaction of these mol-
ecules with each other [86].

Not only miR-31, but also other
miRNAs interact with MIR31HG

IncRNAs can not only affect protein-coding
genes, but also other RNAs. The “sponge effect’, as
it is commonly known, involves the action of In-
cRNA on individual miRNAs, which directly results
in the reduction of its effect on most mRNAs [44].
Recent studies have shown that MIR31HG expres-
sion is markedly upregulated in pancreatic ductal
adenocarcinoma (PDAC). However, knock-out of
this molecule resulted in inhibition of PDAC cell
growth, apoptosis, and ultimately reduced inva-
sion. Here, the researchers noted the inverse cor-
relation of MIR31HG and miR-193b in these cells.
When miR-193b was overexpressed, MIR31HG
levels decreased significantly and vice versa. Such
results demonstrate the negative regulation of
MIR31HG by miR-193b. Closer examination us-
ing a luciferase reporter and RIP assays suggested
that miR-193b bound to MIR31HG by blocking

the binding sites of this molecule to miRNA. This
activity of both molecules speaks to MIR31HG act-
ing as a sponge binding miR-193b to regulate miR-
NA targets [87].

Conclusions and future directions

Allis and Jenuwein named RNA “one of the mas-
ter molecules of epigenetic control” [1]. Not so long
ago, ncRNAs were perceived as genetic noise and ig-
nored in all analyses and treated as background or
experimental errors [5, 88]. The development of
new techniques, such as massive RNA sequenc-
ing, bioinformatics and even artificial intelligence
(AI), caused an unbelievable growth in the num-
ber of discoveries of different types of ncRNA mol-
ecules [89, 90]. The public release of data from
the The Human Cancer Genome (TCGA) proj-
ect made it possible to analyze the data in terms
of searching for, for example, IncRNA, in 33 differ-
ent cancers [91, 92]. The TCGA is an immeasur-
able source of knowledge used as the first source
of data for selection of genes and later validated
in in vivo and in vitro models. Unfortunately, not
all studies adopt this model of analysis. The lack
of validation based on an in vivo or in vitro mod-
el is questionable as an effect of errors accumula-
tion or assumptions of mathematical models. On
the other hand, results derived only from in vivo
or in vitro studies can be misleading as the conse-
quences of the cell lines used or the set of patients.
It is essential to apply a holistic approach when
a study is designed. The lack of comprehensive re-
search causes the knowledge about specific types
of ncRNAs still not to be fully defined or validated
experimentally. Moreover, many different studies
indicated that one IncRNA could behave different-
ly depending on the cancer type [7]. In some cases
only one study defines the role of IncRNA in a spe-
cific biological process or pathway, which should
be verified by independent study. The lack of such
an approach is also visible in the case of MIR31HG.
The second important question concerns the po-
tential use of IncRNA as a biomarker. IncRNAs have
all the characteristics of biomarkers, but there are
no standardized methods for their measurement
and testing [10]. Another issue to consider is which
transcript variant should be taken into account.
As mentioned earlier, MIR31HG has 32 different
transcriptional variants, with a length between 287
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and 10’980 bp [29]. In some cases, not all variants
are equal and they could be expressed in different
ways depending on the specific cancer subtype,
and have various diagnostic potencies [34]. Most
studies regarding not only IncRNAs, but also other
types of transcripts, do not explicitly point which
transcript variant or variants are being analyzed.
Moreover, this information is not included in
the TCGA data either. This causes great difficul-
ties in the adaptation of IncRNAs as biomarkers in
clinical practice. However, many studies indicat-
ed that IncRNAs may become important tools to
predict the development and eventual treatment of
cancer in the future [10]. Will they be as useful as
classic markers? We assume that the answer to this
question will be known within the next decade.
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