
miRNA
Perché?

✺ Rappresentano uno dei maggiori sistemi regolatori per 
famiglie di geni nelle cellule eucariotiche.

✺ Molti mRNA  presentano più siti di legame per miRNA 
che sono il bersaglio per uno o più miRNA.

✺ I miRNA sono coinvolti un vasto campo di processi 
biologici quali: sviluppo, differenziamento cellulare, 
proliferazione, apoptosi………

✺ Sono implicati pure nella patogenesi di malattie umane 
quali: cancro, malattie metaboliche, disordini neurologici, 
malattie infettive………



miRNA
Perché?

ü La deregolazione dei miRNA nei tumori può coinvolgere 
delezioni o amplificazioni
üIl pattern dei miRNA è tessuto specifico
ü Ci possono essere mutazioni nei geni miRNA
üMolti miRNA sono nello stesso DNA policistronico e vengono 
processati assieme
ü Ogni miRNA può avere bersagli multipli
üI miRNA possono funzionare da tumor suppressor o oncogeni 
dipendentemente dal contesto cellulare.
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ü 21.000 protein- coding genes
ü 9.000 small RNAs
ü 10.000-32.000 long non-coding RNAs
ü ~ 11.000 psedudogenes
Pandolfi 2014



Small non-coding RNAs-How many?
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1. New layers of gene regulation
2. Interactions between diverse RNA species
3. There are numerous miRNA-binding sites on a 

wide variety of RNA transcripts
ceRNA Hypothesis

üAll RNA transcripts that contain miRNA –binding 
sites can communicate with and regulate each 
other by competing endogenous RNAs.
ümiRNA competition thus extends beyond the non-
coding transcriptome and confers an additional 
non-protein coding function to protein-coding 
mRNAs .



Figure 1 : The current model for the biogenesis and post-transcriptional suppression of microRNAs and small interfering RNAs.
The nascent pri-microRNA (pri-miRNA) transcripts are first processed into approximately 70-nucleotide pre-miRNAs by Drosha inside the
nucleus. Pre-miRNAs are transported to the cytoplasm by Exportin 5 and are processed into miRNA:miRNA* duplexes by Dicer. Dicer also
processes long dsRNA molecules into small interfering RNA (siRNA) duplexes. Only one strand of the miRNA:miRNA* duplex or the
siRNA duplex is preferentially assembled into the RNA-induced silencing complex (RISC) , which subsequently acts on its target by
translational repression or mRNA cleavage, depending, at least in part, on the level of complementarity between the small RNA and its
target. ORF, open reading frame.
© 2004 Nature Publishing Group He, L. et al. MicroRNAs: small RNAs with a big role in gene regulation. Nature Reviews Genetics 5, 524
(2004). All rights reserved. 

He, L. Nat Rev Genetics 2004

ü Mature miRNA are 
generally long 21-25 
nucleotide

ü Most miRNAs seem to 
bind to the target 3’UTR

ü Complementarity is 
imperfect

ü Roles of targeting are not 
completely understood.



miRNA
Come?

J Le molecole di miRNA sono troppo piccole per 
analizzarle con una qPCR convenzionale, composta da 
primer sense, antisense e sonda TaqMan.

J Ci sono attualmente diversi sistemi disponibili in 
commercio per analizzarli che spaziano fra la RT-PCR 
alla ibridazione in situ impiegando  sonde LNA. 

J Le basi LNA hanno una modifica alla struttura del ribosio 
che lega la base alla posizione C3′-endo, favorendo una 
geometria a doppia elica RNA tipo A. 



Saggio miRCURY LNA

Impiega sonde LNA 
doppiamente marcate con la 
digossigenina

È ottimizzato per i tessuti FFPE e richiede 1 giorno di esecuzione
Fasi:
1. Smascheramnto dei miRNA con Proteinasi K
2. Ibridazione con le sonde
3. La digossigenina viene riconosciuta da un anticorpo  anti- DIG 

coniugato con la fosfatasi alcalina (AP). AP converte i substrati 
solubili NBT e BCIP in H2O  un precipitato insolubile in alcol e 
H2O NBT-BCIP (blu scuro). La controcolorazione consente una 
miglior risoluzione istologica. 



Saggio miRCURY LNA

Brain Normal Colon Breast Cancer

Jørgensen S, Baker A, Møller S, Nielsen BS. Robust one-day in situ hybridization 
protocol for detection of microRNAs in paraffin samples using LNA probes.
MethodsVolume 52, Issue 4, December 2010, Pages 375-381.
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ü Morphology
ü Sensitivity
ü miRs have high degree of similarity between the sequences.

Some micro- RNA family members vary by a single nucleotide.
ü Use LNA-enhanced oligonucleotides.
ü The use of LNA™ in probes enables highly sensitive detection

and analysis of the short miRNA sequences, but also mRNA.
ü The use of LNA probe allows a better control of Tm even in AT

rich sequences and for short stretches (miR)

The in situ hybridization protocol includes a number of steps,
which are critical to optimize. The proteinase-K treatment step is
critical since fixation of tissues may vary extensively. After analyz-
ing different tissues from human and mouse, we generally use the
ranges presented in Table 2. The extent of proteinase-K treatment
is determined by the proteinase-K concentration, the incubation
temperature and duration. We most often maintain a fixed incuba-
tion temperature and duration, and only adjust the proteinase-K
concentration. Generally, mouse tissue from animals perfusion
fixed with PFA must be treated with a 10-fold lower Proteinase-K
concentration (see also below). Over-digestion is evident when tis-
sue detaches, nuclei are damaged and the tissue structure is sparse.

The hybridization temperature is another critical parameter in
the in situ hybridization protocol. The highest possible hybridiza-
tion temperature should be used to minimize potential cross-
hybridization with highly similar complementary sequences. For
LNA probes with melting temperatures (Tm) ranging from 80 to
90 !C towards their RNA target (Table 1), we have found that a
hybridization temperature at approximately 30 !C below the mea-
sured Tm provides a fairly high signal-to-noise using the Exiqon ISH
buffer. Thus, hybridization of most miRCURY™ LNA detection
probes can be performed in the range of 50–60 !C.

Positive signal with the U6 probe is not sufficient to identify the
optimal conditions for miRNA in situ hybridization. Two parame-
ters are needed to be optimized for the individual miRNA probes
and tissue combinations: the extent of proteinase-K digestion
and the hybridization temperature. In order to control the perfor-
mance of the in situ hybridization reaction we found it crucial to
identify some miRNAs with a cell-specific origin. miR-126 is possi-
bly confined to and widely expressed in endothelial cells in vivo
and therefore attractive as a positive control miRNA for any tissue.
We have observed miR-126 in endothelial cells in human breast
(Fig. 2), colon, lung and kidney cancers, in normal human colon,
and in a variety of normal murine tissues. A general and widely ex-
pressed miRNA, like miR-126, can therefore be considered an
important control for optimizing the proteinase-K parameter in
the set-up and identifying optimal conditions in a given material.

For mRNA in situ hybridization, two probes covering non-over-
lapping parts of the mRNA are used as well-recognized supporting
controls [16]. Also, parallel detection of the protein encoded by the
mRNA provides strong evidence in the specificity analysis for
mRNA in situ hybridization [17]. As a negative control for mRNA
in situ hybridization, the sense probe (obtained, for example by
in vitro transcription) is generally used for the specificity analysis
[16]. For miRNA in situ hybridization such controls are not directly

applicable. The short length of the miRNA (limited to 22 nt) is un-
likely to allow for two specific non-overlapping probes. Also, the
presence of pre-miRNA may allow hybridization of a sense probe
to the miRNA complementary ‘‘star” sequence. Therefore, the spec-
ificity analysis for miRNA in situ hybridization requires alternative
approaches.

A generic sequence with no significant similarity to any known
human, mouse or rat miRNA sequence is often used as a negative
control (for example the Scramble-miR LNA probe, Exiqon). How-
ever, the Scramble-miR probe will only count as a negative control
for non-specific binding to tissue compartments and cross-hybrid-
ization allowed at too low stringency. Also, the U6 probe will only
count as a positive control for the in situ hybridization assay itself
(not for the detection of miRNA which are usually less abundant
than U6). We have found that pre-incubating or mix-incubating a
non-labeled but identical LNA probe almost fully prevents binding
of the double-DIG-labeled probe (Fig. 3). An alternative LNA spik-
ing pattern in a probe with reduced sequence length can be used
as a positive control (Fig. 4). However, these attempts only confirm
that the miRNA probe binds the particular target sequence and

Fig. 2. Typical presentation of miRNA localization control together with positive and negative controls. In situ hybridization was performed on consecutive sections from an
FFPE tissue sample with human breast cancer. Typical miR-126 ISH signal in endothelial cells, no signal with scramble-miR probe, and overall nuclear staining with U6 snRNA
probe. Bar = 50 lm.

Fig. 3. Specificity analysis using competition with unlabeled LNA probe. In situ
hybridization was performed on two consecutive sections from an FFPE tissue
sample with normal human colon. The miR-126 signal is seen in endothelial cell of
vessels (V). Pre-incubating excess amount (80 nm) of unlabeled (unl) LNA probe for
miR-126 prevents binding of the double-DIG-labeled miR-126 probe (40 nM).
Bar = 45 lm.
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Product description 

In situ hybridization (ISH) is a powerful technique and the most common method 
for visualizing gene expression and localization in specific tissue and cell types. 
The technology is far from trivial and is often a very time-consuming and difficult 
procedure requiring many steps of protocol optimizing to achieve satisfactory ISH 
results. Detection of microRNA by conventional ISH analysis is no exception. 

The miRCURY LNA™ microRNA ISH Optimization kit (FFPE) offers a fast and 
robust procedure for an easy implementation of microRNA ISH analysis requiring 
a minimum of optimization. The microRNA ISH buffer is specifically developed for 
use with the double-DIG labeled miRCURY LNA™ microRNA Detection probes. 
Used in combination, this provides the best available method for specific and 
sensitive detection of microRNA expression by ISH in FFPE sections of any tissue 
specimen. 

The ISH protocol is designed for detection of microRNA in FFPE tissue sections 
and takes advantage of the use of the non-mammalian hapten digoxigenin 
(DIG), and has been optimized to fit into a one-day experimental set-up. During 
the protocol the microRNAs are demasked using Proteinase-K, which allows 
the access of double-DIG-labeled LNA™ probes to hybridize to the microRNA 
sequence (Figure 1). The digoxigenins can then be recognized by a specific anti-
DIG antibody that is directly conjugated with the enzyme Alkaline Phosphatase 
(AP). AP converts the soluble substrates 4-nitro-blue tetrazolium (NBT) and 
5-bromo-4-chloro-3’-indolylphosphate (BCIP) into a water and alcohol insoluble 
dark-blue NBT-BCIP precipitate. Finally, the nuclear counter stain is applied to 
the sections to allow better histological resolution. 
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1. High affinity RNA
2. Ribose ring is “locked” in the

ideal conformation for Watson–
Crick binding.

3. As a result, LNA™
oligonucleotides exhibit thermal
stability when hybridized to a
complementary DNA or RNA
strand.

4. For each incorporated LNA
monomer, the melting
temperature (Tm) of the duplex
increases by 2°C–8°C (Figure
A-2).

5. LNA oligonucleotides can be
made shorter

261

Appendix 1: Locked Nucleic Acids—Properties and 
Applications
Peter Mouritzen, Jesper Wengel, Niels Tolstrup, Søren Morgentaler Echwald, Johan Wahlin,  
and Ina K. Dahlsveen
Exiqon A/S, Skelstedet 16, 2950 Vedbæk, Denmark

duplexes retain the features common for native nucleic 
acid duplexes, i.e., usual Watson–Crick base pairing, 
nucleobases in the anti-orientation, base stacking, and a 
right-handed helical conformation. Importantly, LNA 
monomers conformationally tune the flanking mono-
mers, especially the 3´-flanking monomer, to adopt an 
N-type furanose conformation [3].

LNA™ Improves Hybridization to DNA and RNA
The most important feature of LNA is the unprecedented 
hybridization to complementary nucleic acids. The intro-
duction of one or more LNA monomers increases duplex 
stability for both complementary RNA and DNA. The 
affinity-enhancing effect of incorporation of LNA™ is 
demonstrated by an increase in the duplex melting tem-
perature (Tm) per LNA monomer, and this effect is gen-
erally more pronounced against complementary RNA 
than against complementary DNA (normally from +3°C 
to +7°C against RNA and from +2°C to +5°C against 

INTRODUCTION TO LOCKED NUCLEIC ACIDS 
(LNA™)
What Is LNA™?

Nucleic acid duplexes fall into two major conforma-
tional types, the A-type and the B-type, which are dic-
tated by the puckering of the single nucleotides, namely 
a C3´-endo (N-type) conformation in the A-type and a 
C2´-endo (S-type) conformation in the B-type (Figure 
A-1) [1]. The A-type is adopted by RNA when dsRNA 
duplex regions are found, whereas the dsDNA in the 
genome adopts a B-type. RNA duplexes have a higher 
binding affinity than DNA duplexes due to the difference 
in conformation. Restricting nucleotides to the N-type 
conformation can therefore increase the affinity of bind-
ing to DNA and RNA by generating highly stable A-type 
duplexes.

Locked nucleic acids (LNA™) are nucleotides in which 
the O2´ and the C4´ atoms are linked by a methylene 
group, thereby introducing a conformational lock of the 
molecule into a near perfect N-type conformation. A 
major structural characteristic of LNA is its close resem-
blance to the natural nucleic acids [2]. In addition, LNA 
shares many physical properties with DNA and RNA, 
including water solubility, which means that LNA oligo-
nucleotides can be used in many standard experimental 
applications. Furthermore, LNA-containing oligonucleo-
tides are synthesized by conventional phosphoramidite 
chemistry, allowing automated synthesis of fully modified 
LNA-sequences, as well as chimeras with DNA, RNA, 
modified monomers, or labels.

LNA oligonucleotides are usually defined as sequences 
containing one or more of the 2´-O,4´-C-methylene-β-
D-ribofuranosyl nucleosides called LNA monomers 
(Figure A-1). A number of LNA:RNA and LNA:DNA 
hybrids have been structurally characterized by NMR 
spectroscopy and X-ray crystallography. In general, the 

Figure A-1 Structure and conformations of nucleotides (A) 
and the effect of LNA™ on melting temperature of duplexes (B).
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Probe

Perfect match
3′-acgaccac-5′

Single mismatch
3′-acggccac-5′

∆ Tm

DNA 8-mer
5′-tgctggtg-3′

Tm = 35º C Tm = 25º C 10º C

LNA™ 8-mer
5′-TGCTGGTG-3′

Tm = 71º C Tm = 45º C 26º C

Locked nucleic acids (LNA™) are a class of high-affinity RNA 
analogues in which the ribose ring is “locked” in the ideal con-
formation for Watson–Crick binding (Figure A-1). As a result, 
LNA™ oligonucleotides exhibit unprecedented thermal stability 
when hybridized to a complementary DNA or RNA strand. For 
each incorporated LNA monomer, the melting temperature (Tm) 
of the duplex increases by 2°C–8°C (Figure A-2). In addition, 
LNA™ oligonucleotides can be made shorter than traditional 
DNA or RNA oligonucleotides and still retain a high Tm. This is 
important when the oligonucleotide is used to detect small or 
highly similar targets.

From: G.J. Nuovo (Eds) In Situ Molecular Pathology
and Co-expression analyses (2013)
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Distinguish Between Highly
Homologous Mature miRNAs
TaqMan® miRNA assays are not only
specific for mature miRNAs, they can
also successfully distinguish between
highly homologous targets, and in some
cases, with only a single nucleotide mis-
match (Figure 3). This means that
researchers can be confident that they are
measuring mature, biologically relevant
miRNAs, not precursors, and that closely
related miRNA variants have been tar-
geted with very high specificity. 

For example, the highest relative
percent detection between members of
the let-7a family tested in our labs was
3.7 percent (between let-7a and let-7d,
which differ by one base). For most fam-
ily member pairs there was no
cross-reaction detected (Figure 3).

Requires Only Minimal
Starting Material 
TaqMan miRNA assays are extremely
sensitive—researchers need only 1–10
nanograms of purified total RNA or
equivalent to reliably quantify their
miRNAs of interest, not the several

micrograms typically required for
hybridization-based methods. Such
sensitivity enables researchers to conduct
more extensive experiments with limited
starting material, as with full-panel
miRNA expression profiling. It also
conserves researcher’s precious or
difficult-to-obtain materials, such as
stem cells or matched tumor/normal
human cancer samples.

Unparalleled Dynamic Range
TaqMan miRNA assays can deliver up
to seven logs of linear dynamic range,
from a few copies to millions of copies
(Figure 4). This means that researchers
will get accurate data whether their
materials contain few or many mole-
cules of the target miRNA per cell—an
important factor given the wide range of
miRNA concentrations across different

Figure 2. TaqMan® MicroRNA Assay mechanism. A simple, two-step mechanism brings the advantages of Real-Time
PCR to miRNA quantitation.

Figure 3. Single-base discrimination of TaqMan MicroRNA Assays. Relative detection (%) is calculated based on CT
difference between perfectly matched and mismatched assays. 

Figure 1. Mechanism for producing mature microRNAs.
Active mature miRNAs are cleaved from longer inactive
precursors. The inherent homology between the active
and precursor molecules can add complexity to miRNA
analysis.
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TaqMan AssaymiRCURY LNA™ 
Universal RT microRNA
PCR

• – LNA™ primers are shorter, so both primers can be 
specific to the microRNA, enabling single nucleotide 
discrimination
•Unrivalled sensitivity – Tm normalized LNA™ 
primers for accurate detection even of AT-rich
microRNA from just 1 pg total RNA


