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MicroRNAs (miRNAs) are small RNA molecules, which act as post-transcriptional regulators of a gene
expression, with important functions within the cell physiology. Whilst many authors have focused on
the study of miRNA expression in physiological and pathological processes, various technical variables
related to miRNA isolation have simultaneously emerged and the stability of the stored miRNA samples
has been questioned. A robust method for RNA isolation is essential for reproducible results and miRNAs
instability in the stored samples would make for an alarming situation for most expression studies. Here
these issues are discussed and we investigate the stability of miRNAs isolated from clinical samples of B
lymphocytes (chronic lymphocytic leukemia) by the most commonly utilized method based on a Trizol/
TRI-Reagent solution (RNAs stored at �80 �C). To assess the stability of miRNAs, a Real Time-PCR analysis
was performed for a panel of 29 miRNAs from a freshly isolated RNA sample and after 14 days storage at
�80 �C. Furthermore, a Real Time-PCR analysis was repeatedly performed for a stored RNA sample over a
period of �10 months. We observed high stability of isolated miRNAs and respective cDNAs. The repro-
ducibility and efficiency of the Trizol/TRI-Reagent isolation method was also tested and compared to the
mirVana Isolation kit (Ambion) and RNeasy kit (Qiagen). In conclusion, Trizol/TRI-Reagent based isolation
is a robust reproducible method, and obtained miRNA samples do not show any tendency to degradation
when properly stored and handled.

� 2009 Elsevier Inc. All rights reserved.
Introduction target mRNAs through partially complementary sequences and
MicroRNAs (miRNAs) are short 20–22 nucleotide RNA molecules
that function as post-transcriptional regulators of the gene expres-
sion. MicroRNA mediated gene silencing pathways have essential
roles in development, cell differentiation, cell proliferation, cell
death, chromosome structure and virus resistance. These highly con-
served RNAs constitute about 3–5% of predicted genes in human/
animal genomes, and 20–30% of protein-coding genes are probably
regulated by miRNAs. Many evolutionary conserved miRNAs were
discovered and public miRBase database contains in total more than
10800 miR sequences annotated for 115 species (version 14—Sep-
tember 2009; www.mirbase.org). MicroRNA genes are non-ran-
domly distributed in the genomes and one half of approximately
700 known human miRNAs are found in clusters and transcribed
as polycistronic primary transcripts [1,2].

The transcription of a microRNA is followed with processing by
Drosha and Dicer enzymes and finally the miRNA is associated with
the RNA-induced silencing complex (RISC) [2–4]. This complex binds
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reduces their translation and/or stability [5]. MicroRNA navigated
post-transcriptional processes add more complexity to the concep-
tions of the proteome orchestration. Regulation mediated by
microRNAs has a large impact on the gene expression because,
according to the published data and the computational predictions,
a single miRNA can target dozens of genes. Many recent studies have
shown that miRNAs have specific expression patterns in each cell
type and tissue. Moreover, miRNAs are aberrantly expressed in prac-
tically all solid tumors and hematological malignancies, suggesting
that they could function as oncogenes or tumor suppressors [6–8].
Numerous authors have reported that each cancer tissue has a spe-
cific microRNA signature and this can be effectively used as a novel
cancer classification tool [9].

MicroRNA expression studies also require the introduction of
novel techniques like microarray platforms and Real Time-PCR
based approaches. Simultaneously, a need for robust miRNA isola-
tion techniques have emerged and the stability of stored miRNA
samples isolated by these methods has been questioned. Bravo
et al. [10] reported that the preparation methods commonly used
for miRNA isolation yield highly unstable miRNAs. Here we inves-
tigate the stability of miRNAs isolated from the clinical samples of
B lymphocytes (from chronic lymphocytic leukemia patients) and
demonstrate that it is possible to obtain highly reliable results with
a Trizol/TRI-Reagent based isolation procedure.

http://www.mirbase.org
http://dx.doi.org/10.1016/j.bbrc.2009.09.061
mailto:sarka.pospisilova@fnbrno.cz
http://www.sciencedirect.com/science/journal/0006291X
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MicroRNA isolation

The quality of the miRNA expression profiles largely depends on
the input RNA material and a robust RNA isolation method is
essential for reproducible results. Whilst the miRNA expression
profiling platforms have received significant interest in their opti-
malization [11–17], less attention in general has been focused on
miRNA isolation and the storage of the samples [10,18,19]. Isola-
tion of the RNA sample could be of great influence for the general
experimental quality irrespectively of the technical intricacies of a
particular expression profiling platform. This has been previously
shown for the classical mRNA expression studies [20–23] and a
few recent studies have demonstrated the apparent influence of
different RNA isolation methods for miRNA expression profiling
[18,24]. Present publications do not themselves recommend a par-
ticular RNA isolation method as superior to another. However, the
application of the Trizol/TRI-Reagent followed by alcohol precipita-
tion is the most widespread method for the isolation of total RNAs
including miRNAs, which enables researchers to analyze all RNAs
from one sample. The classical spin column based kits used for ‘‘to-
tal RNA isolation” are not suitable for miRNA expression profiling
because they do not effectively recover RNAs smaller than 200 nt
(illustrated for Qiagen RNeasy Mini kit in Fig. 1A and B). There is
also a variety of commercially available methods for the isolation
of samples enriched in small RNAs (supplied by Ambion, Strata-
gene, Roche, Sigma–Aldrich, Invitrogen; etc.) and simply due to
historical reasons the mirVana miRNA Isolation kit (Ambion) is
the most utilized one. The isolation of enriched small RNAs instead
of total RNA can be of particular benefit mainly for microarray
studies because of more intensive ‘‘expression signals”. Fig. 1(C)
illustrates how these different isolation methods influence the
recovery and expression analyses of small RNAs. Interestingly,
Fig. 1. (A,B) Capillary electrophoresis (Bioanalyzer RNA 6000 Nano Assay, Agilent) of RNA
Ambion (enriched in small RNAs), and by RNeasy Mini kit columns-Qiagen (total RNA dep
the expression analyses of small RNAs (TaqMan miRNA Assays, ABI). Indicated Ct values
RNAs RNU38B (69 nt) and U6B (105 nt) used frequently as normalization genes were not
Error bars represent standard deviation of three performed RT-qPCR replicates. L stands
small nucleolar RNAs RNU38B (69 nt) and U6B (105 nt) used fre-
quently as normalization genes were not enriched/depleted with
the same efficacy by these methods compared to miRNAs.

MicroRNA stability in stored RNA samples

The expression profiling results can be potentially influenced not
only by the method used to isolate the miRNAs, but also by the RNA
storage conditions and handling. Bravo et al. [10] reported that miR-
NAs isolated by the previously discussed TRI-Reagent method or
mirVana Isolation kit and stored at�80 �C are highly unstable. They
described the potential degradation of the stored miRNAs and
respective cDNA in few days after isolation. This would be an alarm-
ing situation for most expression based studies and time laborious
microarray experiments. Therefore we focused on detailed analyses
of the robustness of Trizol/TRI-Reagent based isolation and the sta-
bility of miRNAs in obtained samples stored at �80 �C.

The Trizol (Invitrogen) or TRI-Reagent (Sigma–Aldrich; MRC)
preparation are well suitable for purifying quality RNA samples
and the usage of these reagents ensures that the samples will be
practically free of genomic DNA [25]. Unfortunately, further enzy-
matic reactions can be inhibited by Trizol/TRI-Reagent contamina-
tion, but it is infrequent according to our knowledge. MicroRNAs
extraction should be performed following the manufacture’s proto-
col or with a modified overnight �20 �C precipitation step for sam-
ples with expected lower RNA yield; this step can also be replaced
by ethanol precipitation instead of the isopropyl alcohol [14]. It is
recommended to store the obtained RNAs at high concentrations
(>100 ng/lL) until further use. We assessed the concentration of
isolated RNA by Nanodrop-1000 and the RNA quality was con-
trolled by capillary electrophoresis (Agilent Bioanalyzer RNA
6000 Nano Assay) prior to any expression profiling. The Agilent
s isolated by TRI-Reagent (total RNA containing small RNAs), mirVana Isolation kit-
leted of small RNAs). (C) Illustrates how these different isolation methods influence
are inversely proportional to the expression of RNAs. Interestingly, small nucleolar
enriched/depleted with the same efificancy by these methods compared to miRNAs.
for ladder.



Fig. 2. (A) Real Time-PCR analyses (TaqMan miRNA Assays, ABI) for 29 miRNAs from freshly isolated RNA and after 14 days storage at �80 �C. Isolated miRNAs stored under
these conditions did not show any tendency to degradation (correlation coefficient R2 = 0.92). (B) Real Time-PCR (TaqMan miRNA Assays, ABI) analysis of RNA sample isolated
by TRI-Reagent and stored at �80 �C over a period of �10 months. Time points in days after isolation (t + 0) are indicated. The technical variability of the method can be
illustrated by performing reverse transcription and RT-qPCR analysis more times in the same day (i.e. t + 5, t + 10, t + 11, t + 265, t + 267). Total RNA for both experiments was
isolated by TRI-Reagent (MRC) according to the manufacturer’s protocol and RNA was kept diluted to a concentration of 100 ng/lL at �80 �C in RNase free water.
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Bioanalyzer ‘‘RNA Integrity Number” provides a score (range 0–10)
measured as degradation/integrity of ribosomal peaks. Small RNAs
are visible as an apparent band on the capillary gel (the RIN
reached >9.0 for the used total RNA samples, Fig. 1B).

Maintenance of an RNase free environment can be vital to pre-
venting RNA degradation and generation of reproducible results.
Fig. 3. (A) The stability of cDNAs derived from three distinct samples of total RNAs. The R
same cDNA stored 11 days at �20 �C. Reverse transcription and Real Time-PCR quanti
Assays, ABI. (B) The TRI-Reagent RNA isolation giving identical results for miRNA quantific
nucleolar RNAs, which are commonly used for miRNA data normalization. Error bars re
Commercially available RNase free products, reagent bottles, tubes,
vials etc. were used and other materials and gloves were cleaned
with solutions designed to inactivate RNases (e.g. RNaseZAP, Ambi-
on; RNase Away, Sigma–Aldrich).

To assess the stability of the miRNAs in obtained RNA samples a
Real Time-PCR analysis was performed for a panel of 29 miRNAs
eal Time-PCR was performed immediately following cDNA preparation and from the
fication was performed according to the manufacturer’s protocol (TaqMan miRNA
ation when repeated three times for the same sample. RNU38B is a member of small

present standard deviation of three performed RT-qPCR replicates.
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from freshly isolated RNA and after 14 days storage at �80 �C
(Fig. 2A). Moreover, a Real Time-PCR analysis was repeatedly per-
formed for a stored RNA sample over a period of �10 months. Sur-
prisingly, the expression of the tested microRNAs was stable
during all this long period of time (Fig. 2B). Isolated miRNAs stored
under these conditions did not show any tendency to degradation
(correlation coefficient R2 = 0.92). The small observed differences
were caused by technical variability of the Real Time-PCR itself
(±1 Ct value), which can also be illustrated by performing reverse
transcription and RT-qPCR for a RNA sample more times in the
same day (Fig. 2B). Moreover, respective cDNAs (n = 3) were stable
after 11 days storage at �20 �C in RNase free water (Fig. 3A). Thus
RNase free conditions and proper handling can preserve the poten-
tial degradation of miRNAs and cDNAs. Finally, the Trizol/TRI-Re-
agent isolation is indeed a robust method, which gives consistent
results when isolation and expression analysis was repeated more
times for the same sample (Fig. 3B).

In conclusion, miRNAs obtained by the use of Trizol/TRI-Re-
agent solution are highly stable and this method remains a ‘‘gold
standard” for miRNA isolation. In our hands, the storage of RNAs
at �80 �C for long time periods is associated with reproducible re-
sults and also the cDNAs stored at �20 �C are suitable for expres-
sion studies. We agree with others that working with miRNA
samples in RNase free conditions demands essential proper han-
dling for a valid comparison of samples.
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