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Comparison of a new immunoassay and PCR-based method for quantification of 
microRNAs in whole blood. A pilot methodical study

David Stejskala,b,d, Martina Hlozankovac, Radka Sigutovaa,b, Katerina Andelovaa,b, Zdenek Svageraa,b, Marek Svestakd

Background. MicroRNAs (miRNAs) are new generation biomarkers used in oncology, cardiology, metabolic syndrome, 
obesity or in neurology. miRNAs are short non-coding RNA molecules that regulate gene expression in eukaryotes.
Aim. To compare a new commercial method for establishing miRNA (imunoassay) with a commercial kit RT qPCR. 
Methods. RNA was isolated from whole blood samples obtained from four healthy volunteers. The isolates were li-
quated and miRNA-93-5p and miRNA-23a-3p were measured independently with commercial hsa-miR-93-5p miREIA 
and hsa-miR-23a-3p miREIA, and commercial RT-qPCR kits.
Results. Both miRNAs had good analytical characteristics, very good correlation with RT qPCR. The results between 
immunoassay and RT qPCR did not statistically differ. A method based on ELISA was faster (2 h with ELISA vs. 3 h with 
qPCR) and had lower CV then a method based on RT qPCR (see more text).
Conclusion. MicroRNAs from blood or derived fractions are particularly interesting candidates for routine laboratory 
applications. The immunoassay can be performed on any device that processes the ELISA plates and is therefore avail-
able in almost every laboratory. 
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INTRODUCTION 

MicroRNAs (miRNAs) are small (21-24 nucleotides) 
non-coding RNAs, which are involved in negative post-
transcriptional regulation of gene expression. One miRNA 
molecule can have up to hundreds of target mRNAs and 
one mRNA can be regulated by multiple miRNAs, creat-
ing a complex regulatory network in the body/organism1.

Changes in intracellular miRNA levels affect gene 
expression, alter cell signalling, and significantly affect 
cellular metabolism. They regulate physiological processes 
including cell differentiation, regeneration and apoptosis, 
as well as pathological processes such as neoplastic trans-
formation of cells. Therefore, it is not surprising that aber-
rant miRNA expression is involved in the pathogenesis of 
many diseases including cardiovascular diseases, neurode-
generative diseases, hematologic diseases, osteologic dis-
eases and cancer. To this day, more than 2,650 different 
microRNAs have been described in various documents2-12. 

In addition to the intracellular occurrence, micro-
RNAs were also detected in the extracellular area – in the 
blood and its derivatives (plasma, serum), but also in the 
urine, saliva and other body fluids5,6. It has been proven 
that levels of circulating microRNAs are not random and 
reflect the events occurring within the organism/body. 

The gathered data, together with the proven high miRNA 
stability, place the circulating miRNA into the role of a 
potentially useful, clinically relevant biomarkers. Finding 
specific miRNAs or groups (profiles) of several miR-
NAs at once, in order toserve as diagnostic or prognostic 
sets, is now one of the main targets of research in this 
area2-5,7.

Amount of known miRNAs is summarised in mir-
Base database (www.mirbase.org) (ref.6). Detection and 
quantification of small non-coding RNAs is a challenging 
and interesting topic of contemporary science. Not only 
a small length of these molecules (about 25 nucleotides) 
and their low concentration in body fluids, but also the 
existence of sequence differences in unit bases in some 
types of short RNA (isomiRs), are key points for using 
these molecules as markers in routine diagnostics. The 
most common techniques for detecting small RNAs can 
be divided into many groups, and their combinations: 
Polymerase Chain Reaction (PCR), Microarrays, New 
Generation Sequencing (NGS), etc. (ref.12-16). Recently, 
the new immunoassay for detection miRNAs was de-
scribed15. Also nanomachine-based strategy possesses sig-
nificant potential to be an innovation in miRNA analysis 
methodology17,18.
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METHODS

Main objectives of the project is optimization of 
existing method and the use the commercional kit for 
quantitation of miRNA based on ELISA format, where 
the monoclonal antibody pre-coated to microplate wells 
catches perfectly matched DNA/miRNA hybrids and im-
mobilize them. The solid phase formed by monoclonal 
antibody and DNA/miRNA hybrids is incubated with 
streptavidin-HRP conjugate. For visualization of resulting 
complexes is used chromogenic substrate. The absorbance 
is proportional to the concentration of specific miRNA. 
ELISA assay can be run on common immunoassay equip-
ment, is compatible with standard clinical workflow, does 
not require amplification steps and results are obtained in 
less than three hours including miRNA profiling.

RNA was isolated from whole blood samples obtained 
from four healthy volunteers. The isolates were liquated 
and miRNA-93-5p and miRNA-23a-3p were measured in-
dependently with commercial hsa-miR-93-5p miREIA and 
hsa-miR-23a-3p miREIA, and commercial qRT-PCR kits. 
These methods were chosen because the immunoassays 
were first prepared for validation. 

The procedure of miRNA´s isolation:
Whole blood samples from 4 healthy volunteers were 

collected in PAXgene Blood RNA Tubes (Preanalytix) 
and handled according to manufacturer’s instructions. 
Total RNA including miRNA was purified manually with 
commercial RNA isolation kit. Briefly, tubes were thawed 
for 2 h at a room temperature and then centrifuged for 
10 min at 4,500 g. The supernatant was removed imme-
diately, the pellets were resuspended in 4 mL RNase-free 
water and newly centrifugated. 500 uL of QIAzol solu-
tion (Qiagen) was added to obtained pellets. Then the 
isolation proceeded according to the manufacturer’s rec-
ommendations. The total elution volume was 50 uL of 
RNAse-free H2O. Isolated RNA was stored at -80 °C until. 

Expression of miRNAs
The expression of miRNAs was determined by a com-

mercial RT-qPCR system with the use of specific commer-
cial Assays and commercial Master Mix II, with UNG. 
The reactions in triplicates were run on thermocycler mic 
(BMS) under the following thermal cycling condition: 2 
min at 50 °C; 10 min at 95 °C and 45 cycles of 15 s at 
95 °C and 1 min at 60 °C. The Data were mathemati-
cally normalized to interval 0 – 1 for correlation purposis. 
Measurements were repeated five times in five days and 
reproducibility of the two methods were compared. 

Measurement of miRNAs with ELISA 
The absolute quantification of miRNAs was deter-

mined by miREIA assays according to manufacturer’s 
instructions. Briefly, after RNA isolation, samples were 
hybridized to complementary biotinylated probe to 
perform perfectly matched DNA/miRNA hybrids. The 
hybridization was performed on thermocycler PeqStar 
(Peqlab) under following thermal cycling condition: 3 min 
at 85 °C, 2 min at 4 °C and 5 min at 37 °C. Hybridization 

was followed by washing steps, streptavidin-HRP was add-
ed and microtiter plate was incubated for 30 min at 37 °C. 
Then, TMB substrate was added and incubated 15 min at 
laboratory temperature. Finally, stop solution was added 
and absorbance at 450 nm was measured by absorbance 
reader (BioTek). Concentrations of miRNAs were calcu-
lated from calibration curve using GEN software. The 
Data were mathematically normalized to interval 0 – 1 for 
correlation purposes. Measurements were repeated five 
times in five days and reproducibility of the two methods 
were compared. In the PCR, minimal negative controls 
for reverse transcription and PCR were used. In other 
comparative tests, normalization was used for exogenous 
Cel-miR-39 control.

Both methods (miREIA and qRT-PCR) use synthetic 
miRNA for generating standard curve. In miREIA, the 
standard curve is constructed by plotting absorbance 
values against concentrations of miRNA standards. In 
qRT-PCR method, the standard curve is constructed 
by plotting Ct values against concentrations of miRNA 
standards. Concentrations of samples are determined us-
ing these standard curves. Due to different principle of 
miREIA and qRT-PCR methods, observed sample con-
centrations are unified in range from 0 to 1 taking into 
consideration their measured levels.

Statistical data procecessing 
The Medcalc program (Ostend, Belgium) was used to 

statistically process the results. The basic parameters will 
be evaluated, including normality tests, exploitation analy-
sis and remote values detection. There was done compari-
son measured results four probands with non-parametric 
methods for small number of probands. Spearman rank 
correlation (after mathematicaly normalisation) was used. 
Mann Whitney non-parametrical test and F test variations 
(based on a small number of probands and differencies 
between average and median we have chosen non-para-
metrical tests) were used. 

RESULTS

Both analysis of miRNA´s had good analytical char-
acteristics. mRNA was quantified od the basis ELISA 
format (more above ). This method is also known as 
miREIA (miREIA for short). Because only 4 probands 
were examined, this study has to be considered as pilot 
study. There are listed common analytical characteristics 
of two used miRNAs (miRNA-93-5p and miRNA-23a-3p) 
in the below tables. It is apparent that CVs of immunoas-
says are better than in RT qPCR. Immunoassays for both 
miRNAs had good analytical characteristic and results 
indicated good cortrelation with qPCR results. (Fig. 1, 2, 
Table 1–9).

Coefficient of variation (CV) was calculated from av-
erage values of absolute concentrations obtained from 
miREIA or relative concentrations obtained from qRT-
PCR measurements. miREIA showed better Run-to-Run 
reproducibility than qRT-PCR method.
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Fig. 1. Correlations between HSA-miR-93-5p immunomethod 
vs. qRT PCR (normalized concentrations). (Fig. 1 – R2=0.96) 

Fig. 2. Correlations between HSA-miR-23a-3p immunoassay 
vs. RT qPCR (normalized concentrations). (Fig. 2 – R2=0.99) 

Table 1. Run-to-run variability.

miRNA Sample ID miREIA qPCR
CV (%) CV dCT (%)

miR-93-5p 1 4 58
2 13 59
3 12 49
4 12 81

miR-23a-3p 1 8 25
2 17 19
3 6 22
4 5 17

Because the results of miRNAs obtain from immuno-
assay cannot be easily compared with results of miRNAs 
obtain by PCR, we had to do mathematicaly simple nor-
malisation of data in the interval 0-1. After that, we could 
establish correlation graph. 

We have performed Mann Whitney non-parametrical 
test and F test variations (based on a small number of 
probands and differencies between average and median 
we have chosen non-parametrical tests). 

In both cases the values measured immunoassay and 
PCR did not differ (P=0.99; P=0.98) for HSA-MIR-23.3p; 
similarly for HSA-MIR-93-5p (P=0.88;P=0.89)

DISCUSSION 

MicroRNA can be measured with various technolo-
gies. Probably the most common are methods based on 
RT PCR, microchips and NGS. We have tested complete-
ly new applications of imunomethods basis ELISA. Each 
of these detection technologies (qPCR, microarrayes, 
NGS) has its advantages and disadvantages for the use 
in the clinical laboratory.

Detection technology based on PCR 
Since the discovery of reverse transcription PCR 

(RT PCR), PCR-based systems are the most widely 
used methods for detecting RNA sequences. In this 
technology, the RNA molecule is first enzymatically 
transcribed (via the reverse transcriptase enzyme and 
the RT primer) into the cDNA sequence, which is then 
amplified by DNA polymerase using two specific prim-
ers. The PCR reaction can be visualized in real time 
(qRT PCR) using a sequence non-specific (Sybergreen) 
or sequence-specific (TaqMan system) fluorescent labels/
markers. Unfortunately, in the context of a short RNA de-
tection, this standard qRT PCR system is not well suited 
because the RT primers do not have enough space to bind 
the target RNA due to their short length. Therefore, new 
approaches to the detection of short RNA molecules have 
to be applied, such as using a special RT primer, amplifi-
cation of circular molecules (RCA), poly-tailing reaction 
or ligation reaction. So far, several methods of quantifi-

cation of miRNA based on qRT PCR have been devel-
oped, and many of them are also commercially available.

Many microRNAs (miRNAs) are reported as disease 
markers for various human pathologies18-21, but only a 
small fraction is translated to routine clinical use. Inter-
laboratory variability and the consequent potential misin-
terpretation of results seem to be the biggest constraints 
of miRNA biomarker functionality. Absolute quantifica-
tion ensured by exact calibration may solve this problem 
and help to translate miRNA biomarkers to diagnostic 
use. To address this problem, we have used a novel meth-
od for quantification of miRNA based on immunoassay, 
the miREIA – microRNA Enzyme Immunoassay kit. 
Recently there was described completely new and simple 
method for quantifications of miRNAs based on immu-
nochemical principle. In comparison with other other 
older methods it is a fast simple low cost and analytical 
stable19-23.

Immunoassay platforms are already routinely used in 
clinical laboratories worldwide, and many immunologi-
cal tests are carried out on these commercial systems. 
Immunoassays are also adaptable to immunoassay analy-
sers. The general principle of immunoassay technique 
is detection or quantification of analyte (microRNA) 
in the sample comprising an immune reaction between 
an antibody and an analyte. The first miRNA measure-
ment principle on the basis of an immunoassay for-
mat was developed by Kappel and al.24. The study was 
published in 2015 in Clinical Chemistry Journal. The 
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Table 2. Intra-assay (Within-Run) (n=8).

Specimen 
Mean 

(amol/μL)
SD 

(amol/μL)
CV 
(%)

1 3.44 0.31 9.1
2 0.96 0.06 7.4
3 0.39 0.03 8.6

hsa-miR-93-5p miREIA
Sensitivity: 0.13 amol/μL

Table 3. Inter-assay (Run-to Run) (n=5).

Specimen 
Mean 

(amol/μL)
SD 

(amol/μL)
CV 
(%)

1 848.3 34.3 4.0
2 361.2 43.5 12.0
3 43.7 5.2 12.0

hsa-miR-93-5p miREIA
Sensitivity: 0.13 amol/μL

Table 4. Spiking recovery.

Specimen
Observed 
(amol/μL)

Expected 
(amol/μL)

Recovery 
O/E (%)

1

50.08
107.40
73.55
54.78

   –
113.69
80.95
64.93

   –
94.5
90.9
84.4

2

7.22
12.05

9.75
8.57

   –
11.83
9.57
8.15

   –
101.8
101.9
105.1

hsa-miR-93-5p miREIA
Sensitivity: 0.13 amol/μL

Table 5. Linearity.

Specimen Dilution
Observed 
(amol/μL)

Expected 
(amol/μL)

Recovery 
O/E (%)

1

–
2x
4x
8x

192.08
103.8
45.68
20.88

–
96.04
48.02
24.01

–
108.1
95.1
87.0

2

–
2x
4x
8x

45.23
23.37
11.55
6.71

–
22.61
11.31
5.65

–
103.3
102.2
118.6

hsa-miR-93-5p miREIA
Sensitivity: 0.13 amol/μL

Table 6. Intra-assay (Within-Run) (n=8).

Specimen
Mean 

(amol/μL)
SD 

(amol/μL)
CV 
(%)

1 6.38 0.30 4.6
2 1.41 0.10 6.7
3 0.39 0.01 3.9

hsa-miR-23a-3p miREIA
Sensitivity: 0.13 amol/μL

Table 7. Inter-assay (Run-toRun) (n=5).

Specimen
Mean 

(amol/μL)
SD 

(amol/μL)
CV 
(%)

1 319.09 14.81 4.6
2 78.28 6.42 8.2
3 40.08 2.47 6.17

hsa-miR-23a-3p miREIA
Sensitivity: 0.13 amol/μL

Table 8. Spiking recovery.

Specimen
Observed 
(amol/μL)

Expected 
(amol/μL)

Recovery 
O/E (%)

1

26.46
53.91
35.54
30.54

–
56.10
42.40
33.64

–
96.1
83.8
90.8

2

17.87
48.07
33.41
26.54

–
47.51
33.81
25.05

–
101.2
98.8

105.9

hsa-miR-23a-3p miREIA
Sensitivity: 0.13 amol/μL

Table 9. Linearity.

Specimen Dilution
Observed 
(amol/μL)

Expected 
(amol/μL)

Recovery 
O/E (%)

1

–
2x
4x
8x

25.93
13.52
6.33
3.98

–
12.97
6.48
3.24

–
104.3

97.6
122.8

2

–
2x
4x
8x

58.01
28.46
14.90
8.41

–
29.01
14.50
7.25

–
98.1

102.7
116.0

hsa-miR-23a-3p miREIA
Sensitivity: 0.13 amol/μL

miRNA immunoassay presented in his study is a 2-step 
nucleic acid capture immunoassay adapted to the Advia 
Centaur® Immunoassay System (Siemens Healthcare 
Diagnostics) (ref.24).

In the assay, the purified miRNA from a blood sample 
is first hybridized to the biotinylated DNA probe, generat-
ing perfectly matched DNA/RNA heterohybrids: 

In a second step, these biotinylated DNA/RNA hetero-
hybrids are then incubated with and bound to the strepta-
vidin-labelled solid phase. In the next step, the acridinium 
ester–labelled antibody to DNA/RNA heterohybrids is 
added. This antibody can bind only to perfectly matched 
heterohybrids and does not bind to mismatched hetero-
hybrids. The amount of antibody bound will therefore be 
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proportional to the amount of perfectly matched hetero-
hybrids present in the reaction, which is proportional to 
the amount of that specific miRNA species present in 
the blood sample.

Chemiluminescence is then triggered by addition of 
acid and base reagent. 

Using this setup, authors were able to obtain a pro-
totype assay that can measure miRNAs from biological 
samples without any preamplification step, with great 
analytical specificity and sensitivity24.

Although many blood-based miRNAs can be profiled 
with the proposed assay, the sensitivity has to be further 
improved to measure other samples with lower miRNA 
concentrations, such as serum. This assay is currently a 
research assay that aims to lay the basis for further devel-
opment, with the challenging goal to promote the usage 
of miRNA as clinical IVD tests.

Keller and collective successfully set-up and published 
the first immunoassay-based method using chemiluminis-
cence for absolute quantification of miRNA (ref.24). 

The invention relates to a method of detecting nucleic 
acid molecules by immunoassay detection was patented 
with patent number WO2013135581 A1. 

We saw the potential of this method and bought the 
licence for miRNA quantification on the basis of an im-
munoassay using monoclonal antibody specific to RNA/
DNA hybrid. 

Many microRNAs (miRNAs) are reported as disease 
markers for various human pathologies18-21, but only a 
small fraction is translated to routine clinical use. Inter-
laboratory variability and the consequent potential misin-
terpretation of results seem to be the biggest constraints 
of miRNA biomarker functionality. Absolute quantifica-
tion ensured by exact calibration may solve this problem 
and help to translate miRNA biomarkers to diagnostic 
use. To address this problem, we have used a novel meth-
od for quantification of miRNA based on immunoassay, 
the miREIA – microRNA Enzyme Immunoassay kit. We 
believe that exact quantification and excellent reproduc-
ibility are the key values of the miREIA kits. Currently 
we are performing a number of projects involving paro-
bands with cardiac conditions, patiens with malignancy, 
probands with metabolic syndrome and probands with 
neurodegeneration. In the above cases, clasiccal labora-
tory medicine fails.

CONCLUSION

In conclusion, in the pilot mini-study, the results mea-
sured with commercial miREIA kits exhibited signifi-
cantly lower Run-to-Run variations (4-13 % and 5-17 % 
for hsa-miR-93-5p and hsa-miR-23a-3p, respectively) than 
results with the RT-qPCR commercial kits (49-81 % and 
17-25 % for hsa-miR-93-5p and hsa-miR-23a-3p, respec-
tively). Both types of analyses do not differ after simple 
mathematical normalisation of data. The results need to 
be confirmed in clinical studies which we are performing 
or will be performing. Molecular applications such as RT-

qPCR use amplification and reverse transcription steps, 
which are characterized by high inter-assay variability 
compared to immunoassays. In addition, they work with 
sample volumes in the low microliter (μL) range, further 
increasing susceptibility to unwanted sample variability. 
The advantage of the miREIA assay is that the test can be 
performed on any device that processes the ELISA plates 
and is therefore available in almost every laboratory.
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