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ABSTRACT

Malignant tumors rank as the first cause of death mortality and potentially lost years of life in Cuba and many other
countries where millions of people die each year because of cancer. Therefore, the diagnosis and treatment of cancer
is a health issue worldwide. Malignant tumors are traditionally classified and treated according to clinical and patho-
logical variables which are currently insufficient to reflect each patient’s molecular features. Consequently, there is a
need to find new individual biomarkers and therapeutic targets that could complement current clinical-pathological
variables and become a guide for diagnosis, prognosis and treatment. Advances in understanding the biology of
cancer as well as the development of more powerful gene analysis tools create new clinical perspectives to find such
biomarkers and targets. MicroRNAs (miRNAs) belong to a class of non-coding RNA with post-transcription regulation
of gene expression. Their expression is aberrant in cancer where they could function either as oncogenes or tumor
suppressors, being used as diagnostic, prognostic or predictive biomarkers and therapeutic targets. Since, research
on miRNA is a key issue for oncologists and researchers, in this review we provide a description of their biogenesis,
mechanism of action and recent findings, supporting their use in cancer, either as biomarkers or therapeutic targets.
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RESUMEN

Los microARN como biomarcadores y blancos terapéuticos en cancer. Los tumores malignos son la primera
causa de muerte temprana de millones de personas en Cuba y otros paises, por lo que el diagnéstico y tratamiento
del cancer es un problema de salud mundial. Tradicionalmente, estos tumores se clasifican y tratan segun variables
clinico-patolégicas un tanto imprecisas todavia, pues no reflejan las particularidades moleculares de cada paciente.
En este sentido, es preciso encontrar otros biomarcadores individuales y blancos terapéuticos que complementen
esas variables y guien el diagnéstico de los pacientes, su prondstico y tratamiento. Los avances en el conocimiento
de la biologia del céncer y el desarrollo de herramientas para los andlisis genémicos, constituyen perspectivas
clinicas para el descubrimiento de estos biomarcadores. Los microARN (miARN) son un tipo de ARN no codificante
que provocan la regulacién postranscripcional de la expresion génica. Su expresiéon en el cancer esta alterada, y
podrian funcionar como oncogenes o supresores de tumores, por lo que se utilizan como biomarcadores diagnésticos,
pronésticos, predictivos y blancos terapéuticos. Teniendo en cuenta la importancia de este tema para oncélogos e
investigadores, se describen la biogénesis de los miARN, su mecanismo de accién y los avances en el estudio como

biomarcadores o dianas terapéuticas en el cancer.
Palabras clave: miARN, biomarcadores, céncer, blancos moleculares terapéuticos, oncologia personalizada

Introduction

The ideal biomarker must be specific for the disease
of interest, available by non-invasive techniques and
detected by methods that are not too costly. Those bio-
markers, which may distinguish the molecular bases
of variations in tumor evolution and the clinical re-
sponse to treatments, are of great medical value [1].
According to the database of GLOBOCAN, from the
International Agency for Research on Cancer (IARC),
cancer is a growing health problem; its incidence has
increased from 12.7 million in 2008 to 14.1 million
in 2012, and mortality has increased from 7.6 mil-
lion to 8.2 million [2]. In 2012, malignant tumors in
Cuba were the first cause of death (22 532 deaths), ex-
ceeding those due to cardiovascular diseases (22 234
deaths), and the first cause of potentially lost years
of life (18.2 years) [3]. This shows the importance of
finding new biomarkers for the early detection and
characterization of tumors, as in the use of the RNA
molecules for this purpose.

In the last twenty years, new types of RNA have
been characterized through their gene expression
regulating functions and variable size. These include

1) siRNA (small interference RNA) of 20-25 nucleo-
tides, related to the defense of the body against viral
infections; 2) RNA associated to Piwi (piRNA) of 25-
30 nucleotides, that operates in association with the
Piwi subfamily of Argonaute proteins, and are essen-
tial for the development of germ cells; 3) microRNA
(miRNA) of 20 to 25 nucleotides that are related to
the repression or degradation of the messenger RNA
(mRNA) in several species; and 4) long non-coding
RNA (LncRNA), of variable size, from 70 to sever-
al thousand nucleotides, which participate in several
cellular processes, including maturation of the mRNA
and the biogenesis of the ribosomes [4]. The miRNAs
are of particular interest due to their relevance in can-
cer studies.

The control of genetic expression by miRNAs oc-
curs in all tumor cells. These cells frequently have an
alteration of the expression profile of miRNAs, and re-
cent evidence indicates that these alterations may have
diagnostic, prognostic and predictive value for cancer
[5]. In recent years, there have been advancements
in the progression mechanisms and development of
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therapeutic strategies to prevent the dissemination of
cancer throughout the body. This made it possible to
increase the percentage of patients with a 5 year sur-
vival after diagnostics. However, metastasis is the
main cause of death of these patients. It is therefore
essential to identify metastasis mediators, which can
be used as biomarkers or therapeutic targets. This in-
formation would be a useful tool for better clinical de-
cision making in cancer, thus adjusting the treatments
to the molecular specificities of each patient. In this
context, the miRNAs represent a new class of poten-
tial biomarkers and therapeutic targets.

In this paper, we give examples of the functions of
the miRNAs as possible biomarkers for the diagnos-
tic of lung cancer, the prognosis of breast cancer, and
as predictive biomarkers in colon cancer, since these
three locations are the main causes of death world-
wide and in Cuba. Their potential as therapeutic tar-
gets is also shown, including their advantages as cir-
culating biomarkers, and the limitations of their use.
Finally, we offer an analysis of their current situation
and the perspectives of working with them.

Discovery and genomic structure

The first miRNAs discovered were the lin-4 (derived
from abnormal lineage) and let-7 (derived from le-
thal), in the worm Caenorhabditis elegans, led by
Ambros and Ruvkun’s groups in 1993 and in 2000,
respectively [6, 7]. They found that these were atyp-
ical RNA, because they were produced as a strand
of 22 (lin-4) or 21 (let-7) nucleotides (nt); they were
derived from precursors of 70 nucleotides (nt) with
the stem-loop structure, and their functions were of
antisense repressors of mRNA translation, coding for
the proteins needed for the development of C. elegans
in the correct sequence.

When they were described, lin-4 and let-7 seemed
to be exclusive for C. elegans, a rareness, since no
other small RNA had been described with a regulat-
ing function in any species. Two discoveries, howev-
er, changed this perception. The first one was that the
RNA of let-7 is phylogenetically preserved, in size
and sequence, in all bilaterally symmetric animals [8];
and the second finding was that the small size anti-
sense RNA, of approximately 22 nt (called siRNA)
were essential for the RNA interference (RNA1) pro-
cess [9].

RNA:I is a genetically preserved surveillance mech-
anism that may degrade the mRNA, as a response to
the presence of double strand RNA, corresponding
to the target mRNA. The lin-4 and let-7 are not siR-
NA, since their action does not need the degradation
of their target mRNA; but the ubiquity of the siRNA
suggested that small size RNAs such as lin-4 and let-
7 are quite stable in the eukaryotic environment, in
which they remain for a relatively long period. In fact,
the lin-4 and let-7 RNA, of approximately 22 nt, are
processed by means of their precursors, in the stem-
loop form, by the same Dicer enzyme generating the
siRNA with a size of approximately 22 nt from dou-
ble strand RNA, a mechanism that is explained later
on. Considering that the Dicer enzyme is also widely
distributed, it was presumed that molecules similar to
lin-4 and let-7 may be found in other organisms be-
sides C. elegans. This hypothesis was confirmed in
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2001, which led to three papers published in the same
issue of Science, describing more than 100 miRNAs
in several metazoan cells [10-12]. These papers had a
strong impact, since a new path in genetic regulation
was opened on incorporating miRNA.

It is now known that the eukaryotic cells have
siRNA or at least the cellular machinery necessary to
produce them, with the exception of the Saccharomy-
ces cerevisiae yeast. The miRNAs basically operate
in multicellular organisms, since they were also iden-
tified in the unicellular algae Chlamydomonas rein-
hardtii [13]. And although it was not so surprising, in
2004, it was confirmed that some viruses contained
miRNAs [14]. This demonstrated that they could be
of great importance for the regulation of the transition
from the latency to the replication and lysis stages;
and they can even act in the attenuation of the immune
response of the host against viral infection.

Most of the miRNAs characterized are located in
the intergenic space, or in the opposite direction to
neighboring genes. Therefore, it was thought that they
were transcribed as independent units [15]. However,
in some cases the miRNA is transcribed together with
the neighboring gene. This indicates that the expres-
sion of the miRNA and of the protein-coding neigh-
boring genes may be associated [16].

The large scale genomic analyses of the miRNAs
show that most of them form clusters or groups of
genes; they are polycistronic and are coexpressed with
neighboring miRNAs [17]. It was also demonstrated
that these clusters of miRNA cooperate and coordinate
their functions, thereby being more efficient in the
regulation of genes [18, 19] and their related proteins
[20]. The hypothesis is that the grouped miRNAs are
functionally related, because their target is the same
gene or perhaps several genes, but they encode re-
lated proteins [21]. There is evidence supporting this
hypothesis. For example, for a cell to proliferate and
invade other tissues, it has to avoid the control mech-
anisms such as cellular arrest and apoptosis. It was
demonstrated that miRNAs 15a and 16, which form a
cluster in chromosome region 13q14 (frequently elim-
inated in several neoplasia), act as suppressors of pros-
tate cancer tumors, because they have the bc/-2 genes,
ofthe cyclin D1 and wnt34 as their target. These genes
codify proteins that inhibit apoptosis, promote cellular
proliferation and invasion, respectively. In advanced
prostate cancer the concentrations of miR15a and
miR16-1 are very low, while those of Bcl-2, cyclin D1
and Wnt3A are high [22].

Nomenclature

The adoption of a system to identify miRNAs facilitat-
ed their study, together with the implementation of a
miRNA database or registry [23]. The miRNA names
are assigned following experts guidelines, which state
that new miRNAs must be experimentally verified
by cloning or through expression and function evi-
dences [24]. The name starts with the mir- prefix fol-
lowed by the number of its sequential identification.
For instance, mir-100 preceded mir-101. The prefix
mir- identifying the precursor miRNA is changed to
miR (capital letter) to indicate the mature form of the
molecule. When two miRNAs are almost-identical
but differing in just one or two nucleotides, a lower
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case letter is added after the number, i.e., miR-123a is
almost identical to miR-123b.

Moreover, those miRNAs located in different ge-
nomic regions but producing an identical mature miR-
NA are denoted by an additional hyphen at the end,
followed by a sequential number. For example, mir-
194-1 and mir-194-2 produce identical mature mR-
NAs, miR-194. Their genes are in different genome
locations, though. The species are further indicated
by a three-letter prefix, i.e., the hsa-miR-100 is the
one-hundredth miRNA isolated in humans (Homo sa-
piens), while the mmu-miR-100 is the one-hundredth
identified in mouse (Mus musculus).

The miRNA numbering is sequential, so, if the last
discovered miRNA was miR-789 in mice, the next
name published will be miR-790 regardless the spe-
cies where it was discovered. If a sequence is sub-
mitted for a new miRNA identified in Gallus gallus
but identical to that of the human miR-121, it will be
named miR-121, with the prefix gga-121 different
from the has-121 one.

If two different miRNAs are originated in opposite
arms of the same precursor (or pre-mir), they will be
denoted by the suffixes -3p or -5p. In those cases of
known expression levels, an asterisk is added at the
end of the name of the miRNA displaying the lowest
expression level, compared to that in the other arm
of the same precursor. For example, miR-234 and
miR-234%* share the same precursor, mir-234; but it is
found at higher concentrations within the cell.

Biogenesis

The general mechanism of biogenesis of the miRNA
is described in the figure. These are transcribed as part
of the major primary transcripts (pri-miRNA), gener-
ated by the action of RNA polymerase II [25]. As in
the other RNA polymerase II transcripts, the pri-miR-
NAs have their 5° and 3" ends modified with CAP
and a polyA tail, respectively [26]. These pri-miRNAs
form a stem-loop structure recognized by a multipro-
tein system with two main components, the Drosha
enzyme and the DGCRS protein (Di George syn-
drome critical region gene 8), capable of binding to
double-stranded RNA. In this recognizing mecha-
nism, DCGR8 is bound to the base of the stem-loop
structure, thereby guiding the Drosha enzyme that is
a type III RNAase, which has the catalytic activity of
the complex [27]. Drosha cuts the double strand at the
stem, at an approximate distance of 11 nt above the
base and generates 3" ends with overhangs of 2 nt. This
cut releases an RNA molecule, with the stem-loop
form, of approximately 70 to 100 nt, which constitutes
the precursor (pre-miRNA) and it is recognized by the
nuclear receptor Exportin-5, and is exported from the
nucleus to the cytoplasm [28]. After its arrival at the
cytosol, the pre-miRNA is again processed by a type
III RNAase, Dicer [29]. The PAZ dominion of this en-
zyme is bound to the 3" end with the 2 nt overhang
of the pre-miRNA (substrate), by which means the
substrate is in the appropriate position for cutting,
resulting in a double-stranded miRNA of 22 nt with
2 ntoverhangs at the 3" ends [30]. One of the strands,
the leading strand or mature miRNA, is transferred to
a protein named Argonaute and a complex is formed
called miRISC (miRNA induced silencing complex),
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Figure. Biogenesis of the miRNA. The monocistronic or polycistronic miRNA are transcribed in the
nucleus of the eukaryote cells by polymerase Il RNA in primary transcripts, the pri-miRNA, which
contain hundreds of nucleotides. Later these are processed by type Ill RNAase, Drosha and its cofactor
DGCRS8, which releases stem-loop type precursors of 70 nt, double strand RNA, the pre-miRNA. These
are exported to the cytoplasm through the Exportin-5 and Ran-GTP complex. On arriving in the cyto-
plasm, a complex containing Dicer, a type Ill RNAase, processes the pre-miRNA and generates small
size double-stranded RNA molecules, of approximately 22 nt and with a short mean life, which is a
selected strand (mature miRNA) while the other one is degraded. The mature miRNA interacts with a
member of the Argonaute protein family and it is incorporated to the RNA (miRISC) induced silencing
complex. After the miRNA is bound to its target mRNA, three things may occur: 1) degradation of the
mRNA; 2) inhibition of the translation of the mRNA to proteins, or 3) deadenylation and reduction of

the levels of mRNA.

while the other one is degraded. In mammals, the
complex formed contains mature miRNA, the Dicer
enzyme, the Argonaute protein and another protein
that binds to double stranded RNA, TRBP [31]. In
general, the miRNA strand, having less stability in
base-pairing at its 5" end, is the guide strand or ma-
ture miRNA [32].

Mechanism of action

After the formation of the RISC complex, it is bound
to the 3" untranslated region (3’-UTR) of the mRNA,
although it can also be bound to the 5" untranslated
region (5-UTR) and the promoter region. The se-
quence in the miRNA that recognizes the 3"-UTR of
the mRNA is known as the “seed region” and it is
located at the 5" region of the miRNA, of nucleotide
2 to 7 [33]. After the miRNA is bound to its mRNA
target, there may be a degradation of the mRNA, or
the inhibition of the translation of mRNA to proteins,
or the deadenylation and reduction of the levels of
mRNA [34].

The miRNAs as biomarkers in cancer

The early diagnosis of a primary tumor improves
the prognosis and response to treatment. Since there
is no system that can be used to screen lung cancer
in its early stages within the population, it is mostly
diagnosed at advanced stages. The first evidence of
an aberrant expression of the miRNAs in lung can-
cer was reported in 2006, when a group of them was
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identified, which were expressed differently in the
tumor tissue compared to healthy tissues [35]. This
opened the possibility of their use as biomarkers of
this type of cancer. Recent studies demonstrated that
the increase in the expression of the miR-21 was sig-
nificantly different in the sputum of patients with lung
cancer compared to healthy persons, with a sensitivity
of 70 % and a specificity of 100 % [36]. In experi-
ments with rats it was also found that the exposure
to cigarette smoke modified the levels of expression
of the miRNA [37], indicating that the changes in the
levels of the miRNA can be used as biomarkers for
cancer diagnosis in smokers.

The ten miRNA with aberrant expressions in tumor
tissues, which can be used to confirm the diagnostic
of lung cancer through computerized tomography,
and very valuable in discriminating neoplastic from
healthy tissues are: let-7, miR- 21, -200b, -210, -219-1,
-324, which are (induced); and miR-30a, -126, -45
and -486, which are (repressed) [38]. To develop
therapies for specific targets, tumors must be clas-
sified as: non-small-cell lung cancers (NSCLC), the
adenocarcinoma histological subtypes (ADC) and the
squamous cell carcinomas (SCC). This, however, is
not easy to do, especially if the biopsy is small or the
tumors are hardly differentiated. In this sense, two
miRNA, miR-21 and -205 were successfully used
to distinguish ADC from SCC [39]. A characteristic
expression pattern of five miRNA (miR- 25, -34¢-5p,
-191, let-7e and -34a) used for this differentiation was
also described [40]. It is also necessary to distinguish
the primary tumors from the metastases. The over-
expression of miR-182 was detected in primary tu-
mors, while miR-126 was expressed in high concen-
trations in the metastases [41].

The main cause of death of patients with breast
cancer is due to the complications derived from the
metastases [42]. In recent years, a group of stud-
ies were carried out to identify and characterize the
very complex cellular events that rule the process of
metastasis. The miRNAs affect cellular adherence,
migration, invasion, motility and angiogenesis [43].
Those associated to the metastasis process are called
metastamirs. The first metastamir was described
by Robert Weinberg and his group, who found that
miR-10b starts the invasion and the metastasis process
in breast cancer [44]. The first metastasis suppressor
metastamir was described by Joan Massagué and his
group [45], revealing that miR-335 suppresses metas-
tasis and migration through its action on the SOX4
transcriptional factor, found in stem cells and on the
tenascin C protein, which forms part of the extracel-
lular matrix.

Metastamirs are used in breast cancer as prognos-
tic biomarkers. For example, in a microarray study of
miRNA, the expression of 249 miRNA was quantified
in 299 breast tumors (185 were positive to the estro-
gen receptor, RE+; 114 negative, RE-). The miRNAs
-7, -128a, -210 and -516-3p were related to the ag-
gressiveness of the tumor in RE+ tumors and negative
nodules, while miR-210 was associated to an early re-
lapse in patients with RE- and negative nodules [46].
In breast cancer it was observed that miRNA 27 and
those of the 17-92 family (miR-17, -18a, -19a, -19b,
-20a and -92) negatively regulate the concentrations
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of the transcriptional factors of the ZBTB family, and
that these concentrations are significantly associated
to survival [47, 48].

The survival of 466 patients with invasive ductal
carcinoma (IDC), the most frequently diagnosed his-
tological subtype, was recently carried out through
the integration of the expressions of mRNA, miRNA
and methylated DNA [49]. In the analysis of this in-
tegrated genetic pattern, it was found that 37 mRNA
and 7 miRNA, within the clinical and pathological
subclasses, are associated to general survival and that
their prognostic value is higher than other commer-
cially available genetic patterns for the stratification
of patients with breast cancer, such as Mammaprint®
and Oncotype Dx®.

The progress in the knowledge of the altered signal-
ing routes in colorectal cancer (CRC), laid the founda-
tions for the application of therapies with specific tar-
gets. For example the cetuximab monoclonal antibody
against the epidermal growth factor receptor (EGFR)
is used as a monotherapy against the CRC [50], or it
is combined with chemotherapy [51]. It was recently
known that patients with mutations in the K-ras gene
(approximately 38 %) are resistant to the anti-EGFR
therapy [52]. This therapy is therefore restricted to the
subgroup of patients with CRC not having the K-ras
gene mutation, although this is not an effective treat-
ment for all of them and it would be necessary to find
new markers. It was recently described that the miR-
NA let-7 [53], miR-143 [54] and miR-18a [55], with
reduced concentrations in CRC, have K-ras as one of
their target genes. In this sense, the predictive ability
of 18 miRNA (several of which have the K-ras as their
target) in 32 patients with metastatic CRC (CRCm)
treated with cetuximab and chemotherapy, was eval-
uated. The increase in the expression of miR-200 and
the decrease in that of miR-143, were associated with
a longer period of time in which the patients with the
mutated K-ras gene were free from progression. There
was no correlation between the expression of the
miRNA with the K-ras gene as the target, and the time
that the patients with non-mutated K-ras were free
from progression. Therefore, the inhibition of the ex-
pression of the K-ras gene by the miRNA is only rele-
vant in the context where there are high levels of K-ras;
i.e., when there are activator mutations [56].

In a study of the expression profiles of miRNAs in
99 patients with CRCm, 33 of them with non-mutated
K-ras/BRAF genes, to predict those having a favor-
able response with cetuximab and a longer survival,
it was found that patients with the progressive disease
had an overexpression of miR-31 and an inhibition of
miR-592. Patients were also grouped on the basis of
the miRNAs expression profile and significant differ-
ences between groups were found. The patients with
short survival had the miRNAs of the let-7 family, the
miR-140-5p overexpressed and the miR-1224-5p in-
hibited [57].

The standard treatment for those with locally ad-
vanced CRC (approximately one third of all patients
with CRC), are the neoadjuvant radiochemotherapies
with capecitabine or 5-fluorouracil, and later surgical
resection. Unfortunately, a large percentage of these
tumors do not respond to the neoadjuvants and pa-
tients have high probabilities of having tumor relapses.
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In a recent study, the profiles of the miRNAs were
analyzed in 20 patients with tumors classified as sen-
sitive or resistant to that therapeutic variant. The lev-
els of expression of eight miRNAs were significantly
different between both groups. The miRNAs -215,
-190b and -29b2* were overexpressed in patients
with resistant tumors, while the let-7e, miR-196b,
-450a, -450b-5p and -99a* were overexpressed in
sensitive tumors. The levels of expression of these
miRNA enabled the classification of nine patients
(out of 10) as non-responders, and the same number
as responders. It was concluded that the miRNA form
part of the response mechanism of the cancer cells
of the rectum to radiochemotherapy, and therefore,
they are considered to have an important potential
as predictive markers in patients diagnosed with this
neoplasia [58].

The miRNAs as therapeutic targets
in cancer

The miRNAs have two characteristics that make them
attractive as therapeutic targets for cancer. One of
them is that they regulate several metabolic pathways:
the complexity and heterogeneity of cancer suggests
that the only way to develop a successful treatment is
considering multiple genes simultaneously as targets.
The second one is that there are microRNAs that are
aberrantly overexpressed in cancer and they are known
as oncomirs. Therefore, it may be easier and economi-
cally more attractive to develop drugs against the miR-
NA, which would be potentially useful to treat malig-
nant tumors in several localizations. The inhibition of
the miRNA may be achieved by antisense oligonucle-
otides or antagomir [59, 60] or competitive inhibitors
called miRNA “sponges” [61]. These contain several
binding sites to the miRNA, whether in a non-codified
transcript or in the 3"-UTR of a reporter gene, and they
have advantages in relation to the antagomir.

First of all, the antagomirs depend, for their effec-
tiveness, on an extensive complementarity zone with
the miRNA target [62]. Therefore, to neutralize sever-
al miRNAs a mixture containing antagomirs that are
complementary to these miRNAs must be prepared,
while if an mRNA containing multiple binding sites
(typically 4 to 10 sites) to the miRNA of interest is in-
troduced into the cell, it will specifically inhibit all the
miRNAs having a complementary sequence to these
binding sites.

In the second place, many cells are resistant to the
introduction of the antagomirs, while the genetic con-
struction containing the sponge can be introduced in
the cell through several types of vectors. Thirdly, the
antagomirs must be periodically administered at high
concentrations to inhibit the expression of the target
miRNA; while the expression of the genetic construct
of the sponge in germ cells of transgenic animals
would make it possible for the miRNA of interest to
be inhibited for the entire life span of the animal [63].
However, although the inhibition technology of the
miRNA sponge has advantages in experimentation
with biological models, the inhibition using antag-
omirs is considered to be more attractive and has a
greater potential from the therapeutic viewpoint. In
fact, the first molecule targeting a miRNA in human
beings, for the treatment of hepatitis produced by the
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hepatitis C virus (HCV), was Miravirsen [64] (origi-
nally called SPC3649 [65]; Santaris Pharma A/S). It
is an antagomir against miR-122, a positive regulator
of the replication of HCV and a tumor suppressor in
liver carcinoma.

In 2005, it was demonstrated that the miR-122 has
two seed sites, which interact with the 5’-UTR region
of the RNA of the HCV, and produce the increase of
viral RNA in infected liver cells. This evidence indi-
cates that the miR-122 is an important factor in the
host and a potential target for the treatment of infec-
tions due to the HCV; this is relevant considering
there are approximately 170 million persons in the
world infected with HCV and it is the main cause of
liver failure [66]. The idea of developing an antiviral
therapy, based on miR-122 as the target, was attractive
because of the limitations of the current treatments for
the infections due to HCV. Besides its importance as
the first anti-miRNA drug, there are another two at-
tractive characteristics of Miravirsen. This antagomir
was used to demonstrate that on modulating a miRNA
with this type of molecule, the genes downstream the
miRNA are also regulated. Furthermore, Miravirsen
is a molecule with a chemical structure having a mod-
ification to increase its stability, affinity and specific-
ity. Such modification consists of closing the ribose
ring through a methylene bridge, which connects the
oxygen at position 2 with the carbon at position 4,
producing a locked nucleic acid (LNA). The LNAs
are nucleotides with a high hybridization capacity and
affinity for the single stranded RNA [67]. Therefore,
the miRNAs modified with LNA, such as Miravirsen,
offer encouraging perspectives for clinical practice.

At present, the biotechnology companies are devel-
oping miRNA or antagomir mimetics, and strategies
for their systemic administration in cancer treatment
and other diseases [64]. Taking into account the strong
relationship between the miRNA and the deregulation
of the malignant processes, a faster approval for the
use of therapeutic strategies based on its modulation
in monotherapies or combined with radio-, chemo-, or
immunotherapies, are foreseen.

Circulating miRNAs

The description of the circulating miRNA meant the
discovery of new mediators of the genetic expression.
Although most of them are found and function inside
the cell, the circulating miRNAs can also be found
outside cells: in fluids such as plasma, saliva, amni-
otic fluid, urine and others [68]. Their composition
and concentrations are related to several diseases, and
they can therefore be used as biomarkers, measured
through pathways that are hardly invasive, to assess
and keep watch over the physiological state of the
body. It is important to highlight that these miRNAs
may be found in large amounts in extracellular flu-
ids, and may be very stable, even under conditions
of extreme temperature, pH and storage. Their com-
position in the plasma is identical in all persons, not
depending on sex or age, so they are considered to be
good clinical biomarkers [69]. It is not well defined,
however, how their action is exerted. It has been said
that they could be signal mediators, allowing the tu-
mor cells to ‘communicate’ with the non-transformed
cells from the microenvironment, which is crucial in
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malignant progression. Therefore, the molecules that
transport any type of information to the microenvi-
ronment, such as cytokines, chemokines and growth
factors, are bound to circulating miRNAs [70].

Limitations in the use of miRNAs
as biomarkers

The introduction of new biomarkers in clinical prac-
tice is limited because of insufficient sensitivity, spec-
ificity and stability of the potential markers.

Although miRNAs are considered biomarkers with
a great potential, they also have certain limitations,
such as their specificity. The miR-21 is high, not only
in patients with pancreas cancer, but also in those with
diffuse large B-cell lymphoma [71]. Another import-
ant aspect is how to obtain it, since no homogeneity is
found in the protocols for their isolation and charac-
terization, the starting material (whether it is plasma,
serum, tissue or paraffin blocks), and the character-
istics of the patients included in the studies. There is
evidence that erythrocytes are an important source of
circulating miRNAs and that hemolysis can alter up to
50 % the levels of a certain miRNA, as a biomarker
in the plasma. Therefore, one must be very rigorous
when interpreting the results of the mediation of the
circulating miRNA associated with cancer, to figure
out if they are really related to the malignant process
and not to an event that is a consequence of cellular
lysis. Another aspect that must be standardized is the
quantification of the miRNAs. There is no consensus
on which molecule to use as the gene for normaliza-
tion: whether it is a miRNA that does not vary, another
RNA molecule or another gene.

Final comments

In the last two decades, there has been a significant
progress in the identification and characterization of
genetic and epigenetic causes of cancer, in the as-
sessment of possible biomarkers, and in the devel-
opment of drugs against new targets, which had an
impact on the relatively insufficient increase of sur-
vival time of oncological patients after their diagnosis.
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A greater in-depth knowledge of cancer biology may
help identify other alterations that, by causing or con-
tributing to malignancy, may be used as new biomark-
ers or molecular targets and continue increasing sur-
vival time of the patients. In this sense, it was recently
found that the miRNAs are essential molecules with
important functions in the control of several physio-
logical and pathological processes (including cancer),
with a differentially modulated expression in healthy
tissues or in those undergoing a pathological process
not associated to malignancy, and correlated to clini-
cal-pathological characteristics.

The high stability of the miRNAs in tissues and
body fluids, and the possibility of being quantified,
although they are found in small amounts, are ad-
vantages for diagnosis, prognosis, and stratification
of patients, with the aim of increasing the objective
responses to antineoplastic treatments. For example,
the miRInform® Pancreas LDT (Asuragen® Inc) sys-
tem [72] is already on the market; it was developed
after the analysis of the differential expression of the
miR-196a and the miR-217 [73, 74]. Through a bi-
opsy, this system makes it possible to discriminate
chronic pancreatitis from pancreatic adenocarcinoma.
Furthermore, the ability of each miRNA to modulate
the expression of multiple mRNA at the same time is
also attractive, since it enables, for example, to re-es-
tablish functionality of a complete suppressor route
that had been affected, in contrast to other strategies
that would only allow to modulate the expression of
a gene but not involve the entire route. This feature
makes them very attractive as therapeutic targets
themselves, or to decrease the resistance of other
treatments; these are aspects under intense study by
academic researchers or the industry.

In the next 2 to 5 years an increase in the systems
based on miRNAs approved by the regulating agen-
cies is foreseen. They may be introduced in routine
clinical practice to increase the sensitivity and spec-
ificity of the diagnostic and prognostic tests, which
may offer new opportunities for better personalized
treatments.
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