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Abstract: In this paper the Authors describe the main functions of microRNAs (miRNAs) along
with well acknowledged methods of their detection in biological materials. They include serum,
plasma, urine, normal human samples and neoplastic tissues. The Authors also discusses about the
relevance of bright field in situ hybridization (ISH) methods for miRNA detection in revealing the cells
of origin of specific miRNAs. In particular, the paper highlights the automated ISH protocols for
miRNA detection which have recently been proposed. These techniques will enable investigators to
further explore the biological role of miRNAs.

microRNAs (MIRNAS)

miRNAs are small (18-25 nucleotides) non-coding
RNAs that modulate gene expression by binding
to complementary sequences on target messenger
RNA transcripts.
miRNAs FUNCTIONS

miRNAs regulate protein expression by suppressing mRNA translation and/ or promoting mRNA
degradation. The importance of miRNA functions
in many physiologic processes and pathologic conditions is confirmed by the fact that more than 30%
of mRNAs are regulated by one or more miRNAs13
. Given their role in regulating protein expression,
and therefore homeostasis and epigenetics, MiRNAs have been a topic of research interest. Their
potential utility as predictive and prognostic biomarkers has been suggested4-11.

METHODS OF miRNA MEASUREMENT
AND DETECTION

Measurements of miRNA levels in serum, plasma
and tissue extracts using qRT-PCR oligonucleotide
microarray, or miRNA-sequencing have been reported4,5,8 (Table 1). However, these techniques are
not able to determine the cellular origin of miRNAs in tissues. For a precise analysis of the topographical expression of miRNAs in tissues and
therefore an in-depth understanding of miRNA
function in development, diseases, and tumors it is
crucial to employ in situ hybridization (ISH). For
ISH is mandatory to optimize tissue morphology
and preservation for a better detection of its localization. Published ISH protocols were developed
using frozen tissues12, in which the morphology is
not as detailed as in formalin fixed, paraffin embedded (FFPE) tissues. Recent advances in ISH
have enabled detection of miRNAs in FFPE tissues using locked nucleic acid (LNA) probes. The
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TABLE 1. METHODS OF MIRNA
MEASUREMENT AND DETECTION
FROM THE LITERATURE.

Material(s)

Serum, plasma, urine
Tissue
Tissue (frozen)
Tissue (FFPE)

Method(s)

qRT-PCR, sequencing
qRT-PCR, sequencing
ISH
manual ISH (FISH, bright field)
semi-automated ISH
automated ISH

FFPE, formalin fixed, paraffin embedded; ISH, In situ hybridization; FISH, fluorescent in situ hybridization.

ability to perform ISH on FFPE tissues is critical,
also because this increases sample availability:
archived tissues can be examined retrospectively.
CONVENTIONAL ISH METHODS

Fluorescent ISH allows to detect weak signals:
the operator, indeed, can enhance the laser power
promotes the signal brilliance. However, the signal detection requires a fluorescent microscope
and the hybridized samples must be conserved at
4°C, avoiding the light exposure. Importantly, in
dark field microscopy, the morphology and the
pathological environment is not so clear as in
bright field microscopy. Manual ISH is a procedure that brings variability among samples, and
limits the use of ISH.
SEMI-AUTOMATED AND AUTOMATED
ISH METHODS

To overcome these criticalness a bright field
miRNA ISH using a semi-automated method has
been set up (manuscript submitted for publication).
The workflow of the protocol is subdivided in two
parts: the first part (tissue preparation, permeabilization, hybridization) is manual, while the second one (signal detection) is automated employing
an automated immunostainer. The manual part
takes about a half day and the automated procedure takes about three hours. This method provides
a good morphological detail and optimal signal localization (Figure 1).
Interestingly, a reliable and high throughput
ISH method and optimized tissue fixation conditions for FFPE tissues has been recently developed13. This ISH method was validated by
visualizing four miRNAs using LNA probes and
the Discovery Ultra Ventana™ platform13.

Figure 1. Examples of microRNAs (miRNAs) detection by
in situ hybridization (ISH) in formalin fixed, paraffin embedded tissue sections. A, Specific brown miRNA-21 ISH signal
using DAB substrate is clearly observed in the stromal compartment of an ovary carcinoma, whereas is less recognizable
in the neoplastic cells. B, miRNA-200c ISH signal is cytoplasmic in neoplastic cells of breast carcinoma. C, miRNA1246 ISH signal is observed in the nucleus of breast
carcinoma cells. Semi-automated ISH method, Hematoxylin
counterstain. Magnification: x200 (A), x400 (B, C).

CONCLUSIONS

In-depth understanding of miRNA functions involves detailed expression patterns of miRNAs in
tissues. Consistent ISH methods can also be a useful tool to investigate the utility of miRNAs as
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clinical biomarkers. Novel and semi-automated
ISH methods will enable investigators to explore
further the biological role of miRNAs and
miRNA-associated gene regulatory networks in
development, disease conditions and tumors.
CONFLICT OF INTERESTS:
The Authors declare that they have no conflict of
interests.

Supported in part by an Institutional Grant from
the Centro di Riferimento Oncologico for a project
on “Molecular Pathology”.
REFERENCES
1. Lewis BP, Burge CB, Bartel DP. Conserved seed pairing, often
flanked by adenosines, indicates that thousands of human
genes are microRNA targets. Cell 2005; 120: 15-20.
2. Friedman RC, Farh KK, Burge CB, Bartel DP. Most mammalian mRNAs are conserved targets of microRNAs.
Genome Res 2009; 19: 92-105.
3. Hanna JA, Wimberly H, Kumar S, Slack F, Agarwal S, Rimm
DL. Quantitative analysis of microRNAs in tissue microarrays
by in situ hybridization. Biotechniques 2012; 52: 235-234.
4. Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K, Guo J, Zhang
Y, Chen J, Guo X, Li Q, Li X, Wang W, Zhang Y, Wang J,
Jiang X, Xiang Y, Xu C, Zheng P, Zhang J, Li R, Zhang H,
Shang X, Gong T, Ning G, Wang J, Zen K, Zhang J, Zhang
CY. Characterization of microRNAs in serum: a novel class
of biomarkers for diagnosis of cancer and other diseases.
Cell Res 2008; 18: 997-1006.

5. Izzotti A, Calin GA, Arrigo P, Steele VE, Croce CM, De
Flora S. Downregulation of microRNA expression in the
lungs of rats exposed to cigarette smoke. FASEB J 2009;
23: 806-812.
6. van Solingen C, Seghers L, Bijkerk R, Duijs JM, Roeten MK,
van Oeveren-Rietdijk AM, Baelde HJ, Monge M, Vos JB, de
Boer HC, Quax PH, Rabelink TJ, van Zonneveld AJ. Antagomir-mediated silencing of endothelial cell specific microRNA-126 impairs ischemia-induced angiogenesis. J Cell
Mol Med 2009; 13: 1577-1585.
7. Hanke M, Hoefig K, Merz H, Feller AC, Kausch I, Jocham
D, Warnecke JM, Sczakiel G. A robust methodology to
study urine microRNA as tumor marker: microRNA-126
and microRNA-182 are related to urinary bladder cancer.
Urol Oncol 2010; 28: 655-661.
8. Huang Z, Huang D, Ni S, Peng Z, Sheng W, Du X. Plasma
microRNAs are promising novel biomarkers for early detection of colorectal cancer. Int J Cancer 2010; 127: 118126.
9. Xie Y, Todd NW, Liu Z, Zhan M, Fang H, Peng H, Alattar M,
Deepak J, Stass SA, Jiang F. Altered miRNA expression in
sputum for diagnosis of non-small cell lung cancer. Lung
Cancer 2010; 67: 170-176.
10. Di Leva G, Garofalo M, Croce CM. MicroRNAs in cancer.
Annu Rev Pathol 2014; 9: 287-314.
11. Nana-Sinkam SP, Croce CM. Clinical applications for microRNAs in cancer. Clin Pharmacol Ther 2013; 93: 98-104.
12. Silahtaroglu AN, Nolting D, Dyrskjot L, Berezikov E, Moller
M, Tommerup N, Kauppinen S. Detection of microRNAs in
frozen tissue sections by fluorescence in situ hybridization
using locked nucleic acid probes and tyramide signal amplification. Nat Protoc 2007; 2: 2520-2528.
13. Singh U, Keirstead N, Wolujczyk A, Odin M, Albassam M,
Garrido R. General principles and methods for routine automated microRNA in situ hybridization and double labeling with immunohistochemistry. Biotech Histochem
2014; 89: 259-266.

3

