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Highlights

« Methods used for miRNAs expression profiling are quantitative reverse transcription polymerase chain reaction, microarrays, next generati-
on sequencing and droplet digital PCR

- To obtain reproducible and accurate miRNAs expression profiling detection, it is crucial to strictly standardize the entire process, starting
from choosing the specimen type until the normalization strategy on the interpretation of miRNAs expression profiling detection

«  Due to the critical impact of the normalization strategy on the miRNAs expression, the choice of normalization agent is of great importance

Abstract

Microribonucleic acids (miRNAs) have emerged as a new category of biomarkers for many human diseases like cancer, cardiovascular and neuro-
degenerative disorders. MicroRNAs can be detected in various body fluids including blood, urine and cerebrospinal fluid. However, the literature
contains conflicting results for circulating miRNAs, which is the main barrier to using miRNAs as non-invasive biomarkers. This variability in results
is largely due to differences between studies in sample processing methodology, miRNA quantification and result normalization. The purpose of
this review is to describe the various preanalytical, analytical and postanalytical factors that can impact miRNA detection accuracy and to propose

recommendations for the standardization of circulating miRNAs measurement.
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Introduction

Microribonucleic acids (miRNAs), consisting of ap-
proximately 20 nucleotides, belong to a non-cod-
ing class of ribonucleic acids. They play a crucial
role in regulating numerous biological processes
at the posttranscriptional level by binding to their
corresponding messenger ribonucleic acids (mR-
NAs). This interaction ultimately results in either
the degradation or inhibition of mRNA translation
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(1). Thanks to their different forms of transport,
miRNAs are stable and can be detected in biologi-
cal fluids such as blood, urine, cerebrospinal fluid
and saliva. The expression of miRNAs varies signifi-
cantly in quality and quantity across different
blood compartments. Microribonucleic acids are
particularly abundant in exosomes, which are es-
sential mediators of intercellular communication
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(2). Moreover, the profile of circulating miRNAs is
partly specific to the cells that secreted them and
is modified according to the physiological or path-
ological cellular state (3). Microribonucleic acids
are currently emerging as promising biomarkers
for various human diseases. The first study to have
demonstrated the interest of miRNAs as biomark-
ers is that of Lawrie et al. in 2008 (4). Since then,
many miRNAs signatures have been described
mainly for cancerous diseases, but also for other
human pathologies such as cardiovascular and
neurodegenerative diseases (5). However, we note
in literature that the results of circulating miRNAs
are often contradictory. This inconsistency poses a
major challenge to the potential utilization of miR-
NAs as non-invasive biomarkers and raises doubts
about the clinical validity of miRNAs expression in
peripheral blood. The aim of this review is to de-
scribe different preanalytical, analytical and posta-
nalytical variables that can influence the measure-
ment of circulating miRNAs and to propose rec-
ommendations for the standardization of circulat-
ing miRNAs measurement.

Preanalytical phase

A well-regulated preanalytical phase within the
laboratory is crucial for maintaining the accuracy
and reliability of test results. In fact, it is widely ac-
knowledged that a significant majority, approxi-
mately 60 to 70%, of errors encountered in the lab-
oratory arise during this particular phase (6).

Samples

It is important to acknowledge that sample collec-
tion timing can influence the miRNA analysis out-
comes. This is due to the fact that certain miRNAs
exhibit rhythmic variations in their concentrations,
depending on time of the day when the specimen
was obtained (7). Microribonucleic acids can be ex-
tracted from a variety of specimen types: cells in
culture, fresh or fixed tissue/tumors or biological
fluids such as serum, plasma, saliva, urine and cere-
brospinal fluid (8). Even if miRNAs are generally
more abundant in tissues than in biological fluids, it
is in the latter that miRNAs quantification seems to
be the most interesting. Obtaining a tissue sample

Biochem Med (Zagreb) 2024;34(2):020501

requires performing a biopsy, an invasive proce-
dure that can itself cause harmful events for the pa-
tient. On the other hand, biological fluids are much
more accessible, the sampling is better tolerated by
the patient with virtually no risk of adverse effects
occurring. Like most biological tests, blood is the
fluid of choice for miRNAs analysis. The typical
amount of blood required for analysis is 200 pL (9).

The analysis can be carried out in whole blood,
plasma or serum. Regarding serum and plasma,
the results obtained in these two matrices are not
similar (10,11). Thus, McDonald et al. found that en-
dogenous miRNAs miR-15b, miR-16 and miR-24
were more expressed in plasma samples than in
serum samples (12). There is currently no evidence
of superiority of one over the other, although plas-
ma appears to be preferable (13). Indeed, there is
certainly less platelet contamination with serum
than with plasma, but the formation of the clot
during coagulation can lead to the release of con-
fusing miRNAs from blood cells. In the case of
plasma, it is recommended to use ethylenediami-
netetraacetatic acid (EDTA) as an anticoagulant.
Heparin should be avoided because it could inhib-
it the polymerase chain reaction (PCR) (14). Citrate
should also be avoided due to the fact that it could
generate hemolysis. Several technologies have
been developed to better preserve the RNA spe-
cies content of whole blood, such as Cell-Free DNA
tubes (Streck, Omaha, USA), Cell-Free DNA Collec-
tion Tubes (Roche, Basel, Switzerland), PAXgene
Blood ccfDNA Tubes (Qiagen, Hombrechtikon,
Switzerland) and cf-DNA/cf-RNA Preservative
tubes (Norgen Biotek, Thorold, Canada), which can
be used for the quantification of miRNAs. These
tubes were designed with the purpose of prevent-
ing cell lysis and prolonging the storage period of
plasma without impacting miRNA analysis. Nu-
merous companies that provide these long-term
collection tubes assert that miRNAs can be pre-
served for a minimum of 7 days in these tubes (15).
In a direct comparison of these tubes among four
different manufacturers, the concentrations of to-
tal miRNAs in plasma were not affected when
blood was stored at room temperature in PAX-
gene and Norgen tubes for a duration of up to 1
week. Roche tubes also demonstrated good per-
formance for miRNAs, with only a minor increase
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in hemolysis observed after 5 and 7 days. On the
other hand, Streck tubes exhibited the poorest
performance, showing a significant rise in blood
cell contamination after 5 days (16).

Centrifugation

Centrifugation conditions have a considerable im-
pact on the results. It is recommended to perform
the centrifugation of the samples quickly, within no
more than 2 hours after collection. The samples are
transported vertically and without agitation in or-
der to prevent hemolysis from occurring. The first
centrifugation of the samples should be followed
by a second centrifugation or filtration. The aim of
the first centrifugation is to eliminate leukocytes
and platelets, which are very rich in miRNAs and
can constitute a source of errors. Additionally,
platelets affect sample preservation, hence the
need to remove them before freezing the samples
(17). The second centrifugation or filtration ensures
the elimination of cellular debris and thus obtain-
ing of plasma depleted of platelets suitable for
miRNAs determination (18). Primary samples should
be centrifuged at a low speed, typically ranging
from 820 to 3500xg, for a duration of 1-20 minutes
at either + 4 °C or room temperature (10,19,20). Fol-
lowing this, a specific volume is carefully pipetted
from the supernatant and transferred into a micro-
tube, ensuring that the intermediate layer contain-
ing leukocytes and platelets remains undisturbed.
Subsequently, a second centrifugation is required,
which should be conducted at a speed of 10,000 to
16,000xg for a duration of 15 minutes. The findings
of the research conducted by Page et al. demon-
strate that performing an additional centrifugation
at 10,000xg results in a significant reduction in the
concentration of platelet-associated miRNAs, includ-
ing miR-24, miR-191, miR-197 and hsa-miR-223 (21).

Influence of hemolysis

Hemolysis is an important source of interference
in the detection of blood miRNAs because it is as-
sociated with a significant change in the expres-
sion of many miRNAs, particularly those used as
endogenous references (22). Therefore, is impor-
tant to minimize in vitro hemolysis and blood cell
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contamination and to document the extent of
contamination in each specimen. It should be also
noted that hemolyzed samples are poorly pre-
served by freezing, with a clear difference in the
expression of miRNAs before and after freezing. To
ensure the absence of hemolysis in the serum or
plasma, it is possible to evaluate the miR-451/miR-
23 ratio, a high value of this ratio being in favor of
hemolysis. Another method consists of measuring
the absorbance of hemoglobin spectrophotomet-
rically at 414 nm. An absorbance value greater
than 0.2 allows the identification of hemolyzed
samples (23). The hemolytic index (HI) of serum
and plasma samples can be measured using bio-
chemical platforms. The HI values can serve as
semiquantitative assessments of the cell-free
hemoglobin concentration, with higher values
suggesting a more significant hemolysis (24).

Storage

Microribonucleic acids are stable in serum or plas-
ma for up to 24 hours at room temperature or +
4 °C. Long-term storages is possible for at least 1
year at - 20 °C or - 80 °C (25). Low temperatures
considerably reduce the activity of ribonucleases
(RNases), allowing good preservation of samples.
The different forms of miRNAs transport protect
them from degradation by RNases, making them
particularly stable compared to other nucleic ac-
ids, such as mRNAs. Striking evidence of this high
stability is the presence of intact miRNAs in organs
from cryopreserved mummies over 5300 years old
(26). The results of Grasedieck et al. show that fro-
zen samples remain stable for several years and
that the miRNA assay on samples stored at - 20 °C
gives results similar to those obtained on samples
stored at - 80 °C (27). This is a major advantage in
favor of the use of miRNAs as biomarkers. Indeed,
not all laboratories are equipped with - 80 °C freez-
ers, while freezers with temperatures between -
15°C to - 30 °C are widely available. Freeze/thaw
cycles should be avoided.

Isolation

Conventional methods for isolating total RNA us-
ing the guanidinium thiocyanate/phenol/chloro-
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form mixture are not suitable for the isolation of
miRNAs. On the one hand, contaminants are often
present when using these methods. On the other
hand, it has been found that miRNAs with low
guanine-cytosine content are selectively lost due
to the inefficiency of precipitation of small nucleic
acids compared to long nucleic acids (28).

Some authors have proposed adapting the phe-
nol-chloroform extraction method by making a
few modifications, in particular by removing the
washing step with 70% ethanol and allowing the
RNA pellet to dry for at least 1 hour at room tem-
perature (29). In practice, we instead use commer-
cial kits adapted to miRNAs such as mirVana (Ther-
mo Fischer Scientific, Waltham, USA) or miRNeasy
Serum/Plasma (Qiagen, Hombrechtikon, Switzer-
land). These kits combine separation phase using
phenol with purification by adsorption on a silica
membrane column. More recent kits like miRNe-
asy advanced kit (Qiagen, Hombrechtikon, Swit-
zerland) are phenol-free and do not require the
phase separation step, which makes it possible to
automate the miRNAs isolation process. Due to
the low miRNA content in biological fluids, tradi-
tional methods like spectrophotometry and fluor-
imetry should not be used for quantity and quality
miRNAs testing. To verify the recovery of a panel
of miRNAs of interest quantitative reverse tran-
scription polymerase chain reaction (qRT-PCR)
should be used (30).

TasLE 1. Methods for miRNAs expression profiling detection

MicroRNAs expression profiling
detection

Northern blotting was the first method used for
the detection of miRNAs (31). The major disadvan-
tages of this method are its poor sensitivity and
the high time consumption. The growing interest
in miRNAs has led to the development of detec-
tion techniques better suited to these small nucle-
ic acids. Currently, the most used methods for cir-
culating miRNAs expression profiling detection
are qRT-PCR, microarrays and next generation se-
quencing (NGS) (Table 1). Like droplet digital PCR
(ddPCR), more recent detection methods have also
emerged in recent years. There is no method that
can be considered superior to any other. It is cru-
cial to have a comprehensive understanding of
the advantages and limits of each method in order
to select the most suitable approach based on the
research objective.

Quantitative reverse transcription polymerase
chain reaction

Thanks to its high sensitivity, its wide measure-
ment range and its high sequence specificity, qRT-
PCR constitutes the reference method for measur-
ing miRNAs expression (32). Another major advan-
tage of gRT-PCR is its suitability for routine meas-
urement in clinical laboratories, as this equipment
is used for a large number of routine applications,
such as the search for viruses or mRNAs of clinical
interest. The methodology consists, as its name in-

Method Advantages Limits
- Excellent sensitivity, specificity and accuracy
gRT-PCR - Wide measuring range - Limited to known miRNAs
- Suitable for routine measurement in clinical laboratories

- Absolute quantification - Limited to known miRNAs

dd-PCR - High sensitivity, precision and reproducibility - Limited dynamic range
- Reduced PCR inhibition effects - Relatively high cost of instrumentation

Microarrays - Profiling of several miRNAs - Limited sensitivity and accuracy
NGS - Allows the discovery of novel miRNAs - High cost

- Requires extensive bioinformatic analysis

miRNA - microribonucleic acid. gqRT-PCR - quantitative reverse transcription polymerase chain reaction. ddPCR - droplet digital

polymerase chain reaction. NGS - next generation sequencing.
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dicates, of a reverse transcription reaction fol-
lowed by a detection step by quantitative poly-
merase chain reaction. Due to the low number of
nucleotides contained in miRNAs, the reverse tran-
scription step differs somewhat from that of viral
RNAs or mRNAs. Two main alternatives are possi-
ble to solve the problem of the small size of miR-
NAs (Figure 1). The first solution, adopted by Qia-
gen, consists of adding a poly(A) tail to the 3’ end
of the miRNA and reverse transcription is carried
out using an oligo(dT) primer. To guarantee the
specificity of the test, a particular buffer (HiSpec
Buffer) is added to the reaction mixture, in order to
inhibit the reverse transcription of long coding
and non-coding RNAs. The complementary DNA
(cDNA) formed is subsequently amplified using
two primers, one universal and the other specific
for the miRNA to be quantified. The amplification
product is measured using the fluorescence emit-
ted by SYBR Green. A fluorescent intercalation that
binds to double-stranded nucleic acids with an in-
crease in fluorescence of approximately 800 to
1000 times the baseline signal.

The second approach is based on the use of a
primer having a stem-loop (hairpin) type struc-
ture. The primer hybridizes to the 3’ end of the

A

3'degenerate anchor 5'universal tag
TTTTTTTTT
AAAAAAAAAAAA

5’ miRNA 3

cDNA
TTTTTTTTT
AAAAAAAAAAAA

|

E-X-X

Detection with
Sybr Green

miRNA by base complementarity, while the stem-
loop part of the primer will stick to the 5" end of
the miRNA. Subsequently, a Tagman probe hybrid-
izes to the cDNA produced. As the DNA polymer-
ase advances, the probe hydrolyzes, which will re-
lease the quencher and cause the appearance of a
fluorescent light. The choice between these two
main approaches to miRNA quantification must be
based on the nature of the target. Thus, the strat-
egy used by Qiagen makes it possible to quantify
all isomiRs 3" of the miRNA of interest, while the
Tagman method is more specific to a single or a
subgroup of isomiRs (33).

Droplet digital polymerase chain reaction

Droplet digital polymerase chain reaction is actu-
ally applied to the absolute quantification of miR-
NAs. The principle of ddPCR consists of compart-
mentalizing the nucleic acid of interest in a way
that only a small quantity of molecules is present
in each compartment. The compartments can be
in a solid medium in the form of “micro-chambers”
or in a liquid medium in the form of emulsions.
This limiting dilution means that each compart-
ment contains one or zero target molecules. In the
presence of the target molecule, PCR amplification

Stem-loop
primer

5 miRNA 3

cDNA

|

Tagman probe

»

Reverse primer

Ficure 1. Microribonucleic acids (miRNAs) quantification by quantitative real-time reverse-transcription polymerase chain reaction
(QRT-PCR). (A) Poly adenylation method. (B) Stem-loop method. cDNA - complementary DNA.
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results in the appearance of a fluorescence signal
which is read as 1. If conversely, no fluorescent sig-
nal is detected, it is interpreted as 0. Data analysis
is based on the Poisson probability distribution
function, according to total number of compart-
ments, number of fluorescent signals and the dilu-
tion coefficient of the sample, the initial value of
concentration in the sample can be obtained (34).
In the study of Binderup et al., the probe-based
TagMan assays were employed to conduct a rela-
tive quantification of miRNA in plasma. The corre-
lation between gRT-PCR and ddPCR remained
high for miR-126 when normalized to miR-16 or a
combination of miR-39 and miR-16, but only mod-
erate for miR-92a (35).

Droplet digital polymerase chain reaction has the
advantage of being able to overcome the need of
a calibration curve and at the same time the influ-
ence of standardization strategies. It also has the
advantage of being sensitive and presenting a
good accuracy for miRNAs measuring of low abun-
dance. The assay is precise and reproducible over
a concentration range of four orders of magnitude
with sensitivity allowing detection of a target miR-
NA at concentrations up to 1 copy/uL (36). The ma-
jor disadvantage of this method is the need for
specific instruments, reagents and consumables,
the cost of which remains significant.

Microarrays

Microarrays utilize short oligonucleotides that are
either deposited or synthesized on a solid support.
These oligonucleotides are designed to match the
sequence of the miRNAs that are of interest.
Through reverse transcription, probes labeled
with a fluorochrome or biotin are generated from
the miRNAs in solution. These labeled probes are
then incubated for a certain period of time and
subsequently washed before the signal is meas-
ured.

To enhance the analysis process, probes contain-
ing locked nucleic acids (LNAs) have been devel-
oped. They are derivatives of oligonucleotides in
which a methylene group connects the 2" and 4’
carbon atoms. This modification results in higher
melting temperatures (Tm), providing greater ther-
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mal stability during molecular hybridization. As a
result, the use of LNA probes significantly increas-
es sensitivity and reduces incubation time (37).

Microarrays offer the advantage of high through-
put and the ability to perform multiplexing, allow-
ing simultaneous analysis of multiple miRNAs.
However, their sensitivity is relatively low and the
long incubation time hinders routine use. Addi-
tionally, a relatively high amount of RNA input
(typically 100-2000 ng) is required for analysis. Fur-
thermore, microarrays do not represent a quanti-
tative technique. Therefore, it is crucial to validate
the miRNAs of interest using qRT-PCR to ensure
accurate and reliable results.

Next-generation sequencing

Next-generation sequencing (NGS) technologies
enable the expression detection of thousands of
miRNAs in a single experiment and the discovery
of novel miRNAs (38). The conventional approach
for preparing libraries involves sequential ligations
of two defined adapters to the 3’ and 5" ends of
the miRNAs. Subsequently, a universal primer
binds to the 3" adapter to synthesize a cDNA. The
resulting cDNA library is then amplified using PCR
with primers that are complementary to the
adapters. It is worth noting that adapter ligation
can also be performed with other species, such as
small nucleolar RNA (snoRNA) and PIWI-interact-
ing RNA (piRNA). To remove the ligation products
of these species, purification can be achieved
through electrophoresis-based size selection (39).

A major benefit of NGS is the capacity to detect
and measure expression levels of known miRNAs
along with those that have yet to be characterized.
Another benefit is the ability to concurrently
measure expression levels of thousands of miRNAs
in one test, including those present at very high or
low concentrations in the sample. However, NGS
has several drawbacks that restrict its utility. First,
it is less accurate than gRT-PCR or microarrays. Sec-
ond, the high costs, low potential for automation
and excessive time consumption for library prepa-
ration impede the use of NGS in routine clinical
practice. In their study, Godoy et al. conducted a
comparison of four different platforms, namely

https://doi.org/10.11613/BM.2024.020501
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RNA-seq, FirePlex, EdgeSeq and nCounter, to ana-
lyse the expression of miRNAs associated with the
placenta in both pregnant and non-pregnant
women. They observed variations in the expres-
sion levels of placenta-associated miRNAs in plas-
ma when using RNA-seq and EdgeSeq platforms,
but no significant differences detected with Fire-
Plex or nCounter (40).

Normalization of results and
interpretation of miRNAs expression
profiling detection

To compensate for the effects of different preana-
lytical variables such as the quality of isolated miR-
NAs and the efficiency of reverse transcription, re-
sults are expressed in relation to a standard; this is
the normalization of results (Figure 2). Due to criti-
cal impact of normalization strategy on results in-
terpretation, the choice of normalization reference
is of great importance. There are three types of
normalization strategies: exogenous reference,
endogenous reference or normalization by the av-
erage expression value.

Exogenous reference

To ensure that miRNA quantification is not affect-
ed by technical variability that may be introduced
during the analysis process, synthetic miRNAs can
be used. Among these exogenous non-human
miRNAs, we find cel-miR-39 and cel-miR-54. This
normalization method is based on the addition
before the extraction step of a known quantity of
synthetic miRNAs to a defined volume of serum,
plasma or whole blood; a stable quantity of exog-
enous reference is then obtained. Nevertheless,
this method is subject of technical and human er-
ror. Recently, the scientific community has begun
to consider these molecules as unsuitable, due to
their reduced apparent stability and because
these exogenous molecules are foreign to body
fluid samples, and therefore are not perfectly com-
parable to endogenous miRNAs (41).

Endogenous reference

RNUG6B is a snoRNA that is part of the small nuclear
ribonucleoprotein U6, a component of the spliceo-
some responsible for pre-miRNA splicing. The use

Normalization
strategies

Endogenous Exogenous Mean of all the
‘ reference expressed
reIerEnce (eg. celmiR-39) miRNAs
I miRNAs
(eg. miR-16)

Other non coding
| RNAs
(eg. RNU6N)

FiGuRre 2. Microribonucleic acids (miRNAs) normalization strategies.
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of RNU6B and other snoRNAs in miRNA-related re-
search is controversial. These larger molecules are
likely to be less reliable than miRNAs because their
expression is less stable than miRNAs with studies
showing more frequent degradation in serum
samples. It is therefore difficult to draw conclu-
sions regarding miRNAs expression when snoR-
NAs are used as endogenous reference. A large
number of studies have employed RNU6B as an
endogenous reference for miRNA quantification
(42-44). However, RNU6B should not be used for
normalization strategy. On the one hand, blood
concentrations of RNU6B show high interindividu-
al variability, up to eight cycles in gqRT-PCR (45). On
the other hand, the determination of the expres-
sion of RNU6B and miR-16 in serum subjected to
different freezing/thawing cycles revealed that the
expression of RNU6B gradually decreases after 1, 2
and 4 freezing/thawing cycles, while the expres-
sion of miR-16 remains relatively stable (46).

MiR-16 is one of the most commonly used miRNAs
as an endogenous reference in the literature (41).
Kloten et al. conducted a study comparing differ-
ent extraction methods of circulating miRNAs and
protocols for isolating miRNAs in exosomes (47).
They evaluated the effectiveness of these extrac-
tion methods by measuring an exogenous control,
cel-miR-39, and 6 endogenous miRNAs in plasma.
Among these miRNAs, miR-16 was found to be the
most efficient. It was not only abundantly repre-
sented compared to the other tested miRNAs, but
also its use as an endogenous control for normal-
izing threshold cycle values significantly reduced
variability between different extraction methods.
However, the use of miR-16 as an endogenous
control is controversial in certain pathological con-
ditions, such as breast cancer. Holubekova et al.
conducted a study involving plasma samples from
breast cancer patients and healthy female volun-
teers (48). They screened selected miRNAs using
gRT-PCR in pilot tests and identified miR-16 as the
most stable reference gene for breast cancer nor-
malization using the geNorm algorithm. McDer-
mott et al. also analysed the expression of numer-
ous MiRNAs in blood samples from breast cancer
patients and controls (49). The geNorm algorithm
determined that miR-425 and miR-16 were the
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most stable reference miRNAs among the candi-
dates. The expression of miR-425 and miR-16 was
further confirmed in a larger cohort of breast can-
cer patients and healthy women, which validated
their stable expression in both groups. In contrast,
Stlckrath et al. reported significantly increased
plasma concentrations of miR-16 in patients with-
out lymph node involvement, while patients with
lymph node metastases exhibited decreased or
even normal values (50). In their study, Shin et al.
discovered a significant downregulation of miR-16
in plasma samples obtained from patients with tri-
ple-negative breast cancer when compared to
healthy individuals (P < 0.001) (51). Based on their
findings, the researchers suggested that miR-16
could serve as a potential biomarker for the diag-
nosis of triple-negative breast cancer. MiR-484 was
utilized as an endogenous reference in this study.

Potential future developments

The number of research studies assessing the ad-
vantages of circulating miRNAs has grown signifi-
cantly in the past few years (Figure 3). However,
currently no miRNAs signature is applied in the
clinical setting. The primary cause of the dispari-
ties observed in research studies and the inability
of the results to be applied to clinical practice thus
far can be attributed to the lack of consistency in

T T T T T T T T T T T
2002 | 2004 | 2006 | 2008 | 2010 | 2012 | 2014 | 2016 | 2018 | 2020 | 2022 |
2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023
Years

Ficure 3. Number of publications per year on PubMed by typ-
ing the following keywords: “microRNAs” and “biomarkers”.
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the methods used to quantify circulating miRNAs.
The National Cancer Institute (NCI) has recently de-
veloped a new Biospecimen Evidenced-Based
Practices (BEBP) paper titled “Cell-free miRNA
(cfmiRNA): Blood Collection and Processing” in or-
der to meet the need for standardization and evi-
dence-based recommendations (52). The fourth
document in the series, the BEBP, provides de-
tailed procedural instructions designed especially
for cfmiRNAs analysis of plasma and serum. These
guidelines cover blood collection, processing,
storage, extraction and quality assessment. Al-
though this text is a significant improvement,
much work remains. In fact, the preanalytical
phase is the primary focus of the recommenda-
tions made in this document. Expert consensus on
miRNAs assays and results normalization ap-
proaches are necessary. In addition, it is imperative
to establish distinct analysis protocols for alterna-
tive types of circulating miRNAs that do not exist
in a free state, such as exosomal miRNAs.

Conclusion

To obtain reproducible and informative results for
miRNAs, it is crucial to strictly standardize the en-
tire process, starting from collecting samples to re-
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