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  Abstract: Background: MicroRNAs (miRNA) are expected as useful biomarkers for various diseas-
es. We studied the pre-analytical factors causing variation in the analysis of miRNA.  

Material and Methods: Blood samples were collected from 25 healthy subjects. Plasma and serum 
were obtained from the same samples. The levels of miR-451, -16, -126, and -223 were analyzed us-
ing RT-qPCR. Cel-miR-39 was added as a spiked-in control in each sample.  

Results: With the exception of miR-451, the levels of the miRNAs in plasma were higher than in se-
rum. After high-speed centrifugation, the levels of miRNAs were almost equal between plasma and 
serum except for miR-451. Membrane filtration with 0.45 µm pore size reduced the levels of plasma 
miRNAs. The coagulation accelerators for serum processing did not affect the analysis of miRNA. 
The use of fraction containing particles of >0.45 µm in size showed the inhibitory effect on the analysis 
of plasma miR-451. The RNase inhibitor was effective for protecting against the degradation of miRNAs.  

Conclusion: Plasma contains factors modifying miRNA profiles. The immediate processing of plasma 
with membrane filtration and RNase inhibitor may be a relevant method for achieving the stable anal-
ysis of miRNA. 
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1. INTRODUCTION 

MicroRNAs are short non-coding RNAs with 22-25 nu-
cleotides length and sequences are phylogenetically well 
conserved among different species [1, 2]. The majority of 
miRNAs are located in the non-coding region of the genome 
[1, 3]. Firstly, miRNAs are transcribed to primary miRNAs 
(pri-miRNAs), which are processed to precursor miRNAs 
(pre-miRNAs) with enzymes, DROSHA and DGCR8. A 
transporter protein, Exportin-5, carries pre-miRNAs to the 
cytoplasm, where pre-miRNAs are processed to mature 
miRNAs in two ways, mainly with RNaseIII Dicer; some 
with Argonaute2 (Ago2) [1, 3]. Mature miRNAs bind to the 
RNA-induced silencing complex (RISC). MicroRNA-RISC 
complexes suppress the expression of target genes by digesting 
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messenger RNAs (mRNAs) or by inhibiting translation. Al-
most 50% of the human genes have miRNA binding site on 
the 3' untranslated region of mRNA [4]. Thus, post-
transcriptional controls by miRNAs are important for many 
cellular functions, including proliferation, differentiation, 
development, and apoptosis [1, 3].  

The expression profiles of cellular miRNA depend on the 
tissue or cell lineages [5]. Many previous studies have shown 
that dysregulated miRNA expression profiles were sensitive 
biomarkers for various pathological states [6-11]. Human 
body fluids, including plasma and serum, contain many types 
of miRNA [5, 10, 11]. Circulating miRNAs are stable in 
plasma or serum despite the coexistence of RNase since a 
large part of circulating miRNAs is present inside extracellu-
lar vesicles (EVs), such as microparticles (MPs), and exo-
somes [12, 13]. The miRNA profiles in exosomes from dif-
ferent cell lineages are different, suggesting that miRNAs in 
exosomes may have specific functions related to homeostasis 
or the pathophysiology of various diseases. Other forms of 
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circulating miRNAs include a complex with Argonaute2 
(Ago2) protein, which is the main component of RISC [14], 
and miRNAs bound with lipids [8, 11].  

The origins of circulating miRNAs are heterogeneous in-
cluding blood cells, endothelial cells, cardiomyocytes, nerve 
cells, and cancer cells [7]. The origin of circulating miRNAs 
can be estimated by analyzing the surface molecules of exo-
somes [5]. Blood cells are the main origins of circulating 
miRNAs [5, 15, 16]. Red blood cells contain an erythroid-
specific miRNA (miR-451), which is released from old or 
pathological red blood cells in hemolytic diseases [11, 17-20].  

MiR-16 is expressed in many types of body cells, and is 
abundant in plasma or serum [21]. The expression levels of 
miR-126 and miR-223 are high in platelets [21, 22]. MiR-
223 is also abundant in granulocytes in vivo [17, 24].  

There are many evidences to show that circulating miR-
NAs are useful biomarkers for the prevention, diagnosis and 
treatment monitoring in neoplastic disease [25-27], heart 
disease [28, 29], metabolic disease [30], infection [31, 32], 
and neurological disease [33, 34]. 

Plasma and serum are the main materials that are used for 
evaluation of circulating miRNAs. miRNAs are stable 
enough to be used as biomarkers after freezing and thawing, 
and long-term frozen storage [35]. However, it is not conclu-
sive yet which blood sample is more relevant as a biomarker 
[21, 36, 37, 39], since the levels of circulating miRNAs differ 
between plasma and serum [38-40]. The different processes 
that are used to obtain plasma and serum may influence the 
different results, since circulating miRNAs belong to at least 
four different categories, MPs, exosomes, Ago2-bound, and 
lipid-bound forms. In the present study, we focus on the dif-
ferences in the miRNA levels in plasma and serum, to devel-
op the standardized method for the analysis of miRNA. 

2. MATERIALS AND METHOD 

2.1. Samples  

Blood samples were drawn from 25 healthy subjects in 
hunger condition after obtaining their fully informed consent 
under the permission of the ethics committee of Kyushu 
University, International University of Health and Welfare, 
and Kumamoto University. Plasma was obtained after the 
centrifugation of 2 mL-EDTA-2Na blood sampling tubes (2 
mL), at 1,900×g for 10 min. Serum was obtained using plain 
tubes (7 mL) containing coagulation accelerators (CAs) us-
ing the same centrifugation condition as plasma. In further 
experiments, the particles such as cellular debris or blood 
cells from samples were removed with the high-speed cen-
trifugation at 10,000×g, for 1 min. The supernatants were 
transferred to new tubes, and stored at -80°C after mixing 
with the lysis buffer MLP (90µL) in Nucleospin miRNA 
Plasma extraction kit (Takara, Japan). These processes were 
done within 1 hour after drawing blood samples. 

2.2. The Extraction of miRNAs 

MiRNAs were extracted using the Nucleospin miRNA 
Plasma extraction kit (Takara). Briefly, 300 µL of samples 
were mixed with the lysis buffer. After homogenization, one 
femtomole of cel-miR-39 was added as a spiked-in control. 
Protein precipitation buffer: MPP (30µL) was added to sam-

ples. The mixtures were then centrifuged at 11,000×g, for 1 
min, and were mixed with 500 µL of isopropanol. This mix-
ture was filtered with columns at 11,000×g for 1 min. The 
empty columns were filled with the washing buffer: MW2 
(700µL), and were centrifuged at 11,000×g for 1 min. This 
washing step was repeated two times. DNase solution 
(Takara) was added to the columns. The columns were incu-
bated for 15 min to degrade DNAs. After incubation, wash-
ing buffer: MW1 (100µL) washing buffer was added into the 
columns, and was spun down by centrifugation at 11,000×g 
for 1 min. This washing step was repeated two times. After 
washing, miRNAs attached to the columns were eluted to 
new tubes with 100 µL of distilled water.  

2.3. The Quantitative Analysis of miRNAs and Normali-
zation 

miRNAs were transcribed to complementary DNAs 
(cDNAs) using High Capacity cDNA Archive Kit (Applied 
Biosystems). cDNAs were amplified using a TaqMan miR-
NA assay kit (Thermo Fisher Scientific) and StepOnePlus 
(Thermo Fisher Scientific) [17]. The cycle condition of 
qPCR was following: enzyme activation at 95°C for 10min, 
PCR reaction at 95°C for 15sec and 60°C for 60sec, and re-
peated 40 cycles. We measured the expression levels of miR-
16-1, miR-451, miR-126, miR-223, and cel-miR-39 as a 
spiked-in external control. The expression levels of each 
miRNAs were evaluated using the comparative threshold 
cycle (Ct) method [17]. Namely, the levels of each miRNAs 
were compared after calculating ΔCt values: (Ct of target 
miRNA) - (Ct of cel-miR-39). To compare the levels of 
miRNA between plasma and serum, ΔCt values were calcu-
lated using the following formula: ΔCt = (Ct of miR-X in 
plasma) - (Ct of miR-X in serum). Ratios of miRNA levels 
in plasma and serum were calculated using relative expres-
sion levels estimated by 2-ΔCt.  

To avoid bias in individual samples, all samples were 
processed at the same time. 

2.4. Analysis of miRNA Modification by Coagulation  
Accelerators 

We tested whether coagulation accelerator (CAs) con-
tained in serum preparation tubes degraded circulating miR-
NAs. Two aliquots (1mL each) were prepared from the same 
plasma samples and were individually transferred to the 
plain tube and the tube containing CA (namely, the serum- 
preparing tube) for 30 min at room temperature. Then the 
levels of miRNAs in each aliquot were evaluated. 

2.5. Statistical Analysis 

The paired t-test was used to compare paired samples. 
Two-sided P values of <0.05 were considered to indicate 
statistical significance. Reference of statistics between plas-
ma and serum was serum samples. 

3. RESULTS 

3.1. Differences in the miRNA Levels Between Plasma 
and Serum 

We analyzed the levels of circulating miR-126, miR-223, 
miR-16, miR-451, and compared the levels between plasma 
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and serum from 4 healthy subjects (2 males, 2 females; age, 
20-29 years). Plasma and serum were obtained by centrifuga-
tion of blood samples at 1,900×g for 10 min. The plasma 
levels of miR-16, miR-126, and miR-223 were 17.5-fold (7.3 
- 28.1, p<0.05), 93.9-fold (41.4 - 167.1, p=0.058), and 32.2-
fold (7.4 - 64.8, p=0.08) higher than those in serum, respec-
tively (Fig. 1). On the other hand, the level of plasma miR-
451 was lower than that in serum, 0.50 (0.27 - 0.84, p<0.05) 
(Fig. 1). 

3.2. The Effects of the Removal of Platelets and Cellular 
Debris  

MiRNAs in the plasma and serum from 25 healthy sub-
jects (mean age, 25 years; range, 21-36 years) were analyzed 
after centrifugation at 10,000×g for 1 min (Fig. 2), which is a 
procedure that removes particles such as platelets and cellu-

lar debris. The levels of plasma miRNAs became similar to 
that of serum miRNAs, since the ratios of plasma/serum 
miRNA except miR-451, were almost one, miR-16, 0.82-
fold (0.0004 - 2.22, p=0.51), miR-451, 3.83-fold (0.21 - 
15.5, p<0.05), miR-126, 0.76-fold (0.03 - 2.11, p=0.13), and 
miR-223, 3.28-fold (0.18 - 21.2, p=0.10), respectively. Only 
the level of miR-451 in plasma was significantly higher than 
that in serum, which was the opposite result to observations 
using plasma before the high-speed centrifugation (Fig. 1).  

3.3. The Influence of Coagulation Accelerators on the 
miRNA Levels  

The levels of miRNAs in serum preparation tubes did not 
significantly change from the levels in plasma miRNAs: 
miR-16, 1.12-fold; miR-451, 4.51-fold, miR-126, 0.99-fold; 
miR-223, 0.90-fold (Fig. 3). The level of spiked-in control, 

 
Fig. (1). The expression of miRNA in serum and plasma. The expression of miRNA in plasma and serum was compared by a RT-qPCR. All 
values in this figure are shown as the relative value in comparison to serum, which were calculated using ΔCt values (2-ΔCt). The ΔCt values 
of each miRNAs were calculated following formula: ΔCt = (Ct of miR-X in plasma) - (Ct of miR-X in serum). Both of miR-X means same 
target. All of the samples in this figure were extracted from serum and plasma immediately after separation from whole blood. The upper and 
lower bars of the box show the maximum and minimum samples, respectively. The horizontal line in each box shows the median (50th per-
centile). 

 
Fig. (2). The expression of miRNA in plasma following high-speed centrifugation. All of plasma and serum in Fig.2 were centrifuged at 
10,000×g, at 1 min after removal from whole blood. All of the values were compensated by the serum Ct value. The ΔCt value was deter-
mined as follows: ΔCt = (Plasma Ct) - (Serum Ct).  
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cel-miR-39 was 1.12-fold higher in plasma with CAs. There 
were no significant differences in the levels of miRNAs in 
plasma before and after incubation with CAs. 

3.4. Normalization with Spiked-in Cel-miR-39  

Plasma and serum have been differently processed to 
prepare miRNA samples. To normalize the effects of these 
different processing methods on the analysis of miRNAs, we 
used cel-miR-39 as a spiked-in control in each sample.  

We tested the stability of spiked-in cel-miR-39. The lev-
els of cel-miR-39 were analyzed in paired plasma and serum 
obtained from the same subjects (n=25). The mean Ct values 
of cel-miR-39 in serum and plasma were 28.4 and 26.9, re-
spectively, and did not differ to a significant extent (Fig. 4). 
These data show that different stability of spiked-in control, 
cel-miR-39, was not the cause of the difference in the levels 
of miRNA in plasma and serum samples. The normalized 
levels of four miRNAs and cel-miR-39 did not differ to a 
significant extent between plasma and serum samples (Fig. 

5A). The relative plasma levels were as follows: miR-16, 
1.07 (0.04 - 3.03); miR-451, 1.38 (0.07- 8.09); miR-126, 
0.83 (0.02 - 3.57); and miR-223, 0.43 (0.03 - 2.28). We also 
calculated CVs of CT value in cel-miR-39 across all 
examination, CVs were 8% in serum and also 11% in 
plasma. 

3.5. Normalization with Endogenous miR-16 

We also examined the usefulness of miR-16 as an inter-
nal control for plasma and serum miRNA measurement. The 
levels of miRNAs normalized with endogenous miR-16 are 
shown in Fig. (5B), in which data are shown as the relative 
plasma levels to each serum levels. The miR-451 expression 
level was 4.31 (0.51 - 17.08). The levels of miR-126 and 223 
were 1.21 (0.27 - 6.57) and 1.78 (0.06- 20.35). Finally, we 
evaluated the change of one fmol cel-miR-39 which was 
added as spiked-in control using the endogenous miR-16 
level. The level of cel-miR-39 was 3.06 (0.32 - 18.85). There 
were no significant differences between plasma and serum 
levels. 

 
Fig. (3). The influence of coagulation accelerators. The miRNA values of serum, plasma and plasma that was transferred and incubated in 
plain tubes were measured. The serum Ct value was adopted as a normalizer. All of the values in this graph are relative values, and indicate 
the value of plasma incubated in plain tube divided by NOT transferred plasma. ΔCt = (Ct value of Plasma or Incubated Plasma) - (Ct value 
of Serum). Ratio of Incubated Plasma / Serum = (Value of incubated Plasma in PLAIN tube) / (Value of incubated plasma NOT transferred). 

 
Fig. (4). The Ct values of cel-miR-39. The Ct values of all samples are shown in this figure. Serum and plasma samples obtained from the 
same individual are joined by a line. 
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Fig. (5). The influence of selecting a normalizer based on the miRNA expression. a) The expression of miRNA compensated by cel-miR-39. 
The Ct value of 1 fmol cel-miR-39 was adopted as a normalizer. ΔCt = (Ct value of miR-X) - (Ct value of cel-miR-39). b) The expression of 
miRNA compensated by miR-16. The normalizer was changed to miR-16 in each sample. ΔCt = (Ct value of miR-X) - (Ct value of miR-16). 
Bars with asterisks show statistically significant difference, p<0.05. 

 
Fig. (6). The inhibitory activity of particle fractions of plasma and its effect on the analysis of miR-451. a) The levels of miR-451 in filtrated 
fractions of plasma. b) Mixing experiments showed the effects of the inhibitory activity of filtrated fractions of plasma on the analysis of 
miR-451. 
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Fig. (7). The influence of RNase on plasma and serum.We evaluated the influence of RNase on miRNA degradation in serum and plasma 
samples. Each sample was compensated by the serum Ct value. ΔCt = (Plasma Ct) - (Serum Ct). All of the values in this graph are relative 
values of the sample with the RNase Inhibitor (RI+/-) sample (RI+) relative to the no-RI sample (RI-). The samples were incubated at room 
temperature for 0, 1, 2 hours. 

3.6. The Inhibition of Plasma miR-451 Analysis with the 
Particle Fraction 

The level of miR-451 was higher in serum than in plasma 
(Fig. 1), which was the opposite phenomenon if we used the 
high-speed centrifugation (Fig. 2). This phenomenon was not 
observed in the analysis of other miRNAs. To evaluate the 
effect of removal of particles, we fractionated plasma using 
membrane filters with different pore sizes (Fig. 6A). Plasma 
filtered with membranes with pore sizes of 1 µm and 0.45 
µm showed higher miR-451 levels than in non-filtered plas-
ma, 1.44-fold (p=0.04) and 1.36-fold (not significant), re-
spectively. On the other hand, filtration with smaller pore 
sizes reduced the miR-451 levels: 0.22 µm, 0.33-fold (not 
significant); 0.1 µm, 0.13-fold (p=0.03). The mixed plasma 
containing equal volumes of filtered and non-filtered plasma 
showed almost the same levels of miR-451 as the non-
filtrated plasma samples (Fig. 6B). These results suggest the 
presence of inhibitory substances in particle fraction contain-
ing cellular debris or large particles. 

3.7. RNase Inhibitor was Partially Effective in Preventing 
the Degradation of miRNAs  

The level of cel-miR-39 in serum decreased rapidly, with 
an almost 0.41-fold change in comparison to the initial level 
after 2 hours of incubation (Data not shown). Spiked-in nor-
malizer, cel-miR-39 is a synthetic miRNA that is easy to be 
digested with RNase, because it is not protected with extra-
cellular vesicles, proteins or lipids. We used RNase inhibitor 
(RI) to make an analysis of miRNA more stable. We ob-
served the effect of RI on the miRNA levels in plasma and 
serum (Fig. 7). The presence of RI did not change the plas-
ma/serum ratios of miR-126, miR-223, or miR-451. In the 
case of miR-16, however, the ratio changed significantly 
from 3.8-fold to 2.6-fold.  

4. DISCUSSION  

Circulating miRNAs are new biomarkers for various dis-
eases, and are useful tools for the development of novel ther-
apies. However, there are inconsistent findings from differ-
ent studies. Several studies reported the different levels of 
circulating miRNAs between plasma and serum [21, 36, 37, 
40]. The miRNA levels are quite sensitive to the sample pro-
cessing conditions, such as the time after blood drawing, 
preservation conditions, centrifugation conditions, circadian 
changes, differences between serum and plasma, and the 
assay methods [21, 23, 36, 37, 40]. To develop well-
standardized methods for the analysis of miRNA, we focused 
on the pre-analytical steps of the circulating miRNA analy-
sis, including membrane filtration of samples. 

In the present study, we selected relatively abundant cir-
culating miRNAs, of which origin are mainly blood cells 
[16, 17]. We showed that plasma contained higher levels of 
miR-16, miR-126 and miR-223 than serum (Fig. 1). The 
high-speed centrifugation reduced the levels of miR-16, 
miR-126 and miR-223 in plasma to levels in serum (Fig. 2). 
Our data are consistent to the previous results reported by 
McDonald et al., that miR-16 in plasma was higher than in 
serum, and that the level decreased after the high-speed cen-
trifugation at 15,000 ×g [21]. These data suggested that the 
presence of relatively large-sized particles, such as platelets 
and cellular debris derived from blood cells, affects the lev-
els of circulating miRNAs, and that this phenomenon de-
pends on species of miRNA since the level of miR-451 was 
higher in serum than in plasma (Fig. 1). A large proportion 
of the circulating miRNAs is present inside EVs such as MPs 
and exosomes [12, 13]; another populations of miRNAs cir-
culate as a complex with the Argonoute2 (Ago2) protein [14] 
or bind with lipids [12, 14]. EVs of different cellular origins 
can be separated using antibodies that recognize the molecu-
lar markers on the surface [12, 13, 41, 42]. Platelets and 
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apoptotic bodies can be removed by centrifugation at 3000×g 
[21, 43, 44]. Thus, the high-speed centrifugation used in this 
study may be an essential step in the analysis of circulating 
miRNA profiles with minimum modification by blood cell 
contamination. However, the rapid and reproducible process 
is desirable for clinical utilization. We showed that mem-
brane filtration procedure was also effective to remove the 
particle contamination (Fig. 6). Therefore, we propose mem-
brane filtration is one of the effective methods for standardi-
zation of miRNA analysis. 

Next, we focused on coagulation accelerators (CAs), 
which is present in serum-preparing tubes. Silica and throm-
bin are frequently used CAs that are used to obtain serum 
rapidly in laboratory tubes. As Fig. (3) shows, the levels of 
miRNAs in plasma samples in the serum-preparing tubes did 
not differ from the levels in plasma samples without contact 
to CAs. Although some anti-coagulant materials such as 
heparin in blood collection tubes inhibit the reverse tran-
scription or extension of nucleotides during the polymerase 
reaction, CAs in plain tubes did not affect the results.  

Normalization of miRNA data is very important to use 
circulating miRNAs as disease biomarkers. Previous reports 
have shown that differences between different internal con-
trols caused different miRNA values [10, 21, 43]. If we se-
lect one of the circulating miRNAs as the internal control, 
every miRNA levels are shown as the relative amounts in 
plasma or serum. Namely, absolute amounts of miRNAs are 
not known if the internal control is used. If we use a known 
amount of spiked-in synthetic cel-miR-39, we can evaluate 
the absolute amount of circulating miRNA. Our data showed 
the almost equal levels of spiked-in cel-miR-39 in most of 
paired plasma and serum samples. Thus, cel-miR-39 is the 
stable spiked-in control that is useful for analyzing circulat-
ing miRNAs. When miR-16 was selected as a normalizer, 
the levels of four miRNAs did not change to a significant 
extent (Fig. 5B). MiR-16 is a relatively abundant miRNA in 
plasma and serum [10, 35, 36]. Thus, miR-16 may mask var-
iations in miRNAs that are present in small amounts. In this 
study, the amount of miR-16 was greater in comparison to 
the other 4 miRNAs. The normalization of the levels with 
miR-16 might have been less sensitive to detect variations of 
less abundant miRNAs. The previous report showed that 
miR-451, miR-15b and 16 increased with hemolysis [19, 20, 
21] suggesting that circulating miR-16 is not suitable internal 
control in hemolytic condition. We propose that target miR-
NA-oriented adjustment of the concentration of spiked-in 
cel-miR-39 is relevant to achieve stable results. 

In contrast to miR-16, miR-126, and miR-223, the level 
of miR-451 in plasma was lower than in serum (Fig. 1). The 
removal of large-sized particles from samples by high-speed 
centrifugation or membrane filtration resulted in increased 
plasma levels of miR-451. This phenomenon is not explained 
by the presence of microparticles released from red blood 
cells which are the main origin of miR-451 [11, 17, 21]. We 
hypothesized the presence of some inhibiting activity in the 
particle fraction, for the measurement of the plasma miR-451 
level. The level of plasma miR-451 increased after the re-
moval of particles of >0.45 µm in size, and that the level 
decreased after filtration with a membrane with a pore size 
of 0.22 µm (Fig. 6A), probably because of removal of the 

microparticle and part of exosomes. The mixing of plasma 
between unfractionated and 0.45 µm-membrane-filtrated 
fraction, resulted in a decrease to the same level as that in 
unfractionated plasma. Our data suggested that the inhibitory 
activity such as hemoglobin [45], immunoglobulin [46], and 
lactoferrin [47] modified the analysis of some groups of cir-
culating miRNAs. It was reported that miR-451 circulates as 
a non-EV miRNA [39], which are relatively susceptible to 
degradation with RNase. Thus, membrane filtration may be 
essential for the analysis of non-EV-type miRNAs.  

RNase in serum and plasma may cause degradation of 
circulating miRNAs [48, 49, 50]. In this study, we examined 
the usefulness of RNase inhibitor (RI) in the pre-analytical 
steps of miRNA analysis. RNase inhibitor (RI) was added to 
the whole blood samples immediately after blood drawing. 
Samples with RI showed higher miRNA levels than samples 
without RI (Fig. 7). The circulating miRNAs in EVs are pro-
tected from RNase activity, while non-EV miRNAs are more 
sensitive to degradation by RNase [48-50].  

CONCLUSION 

The difference of miRNA levels in serum and plasma oc-
curs as a combined effect of multiple steps. The removal of 
cellular debris and large particle components is essential for 
the analysis of circulating miRNAs. The high-speed centrif-
ugation or membrane filtration of plasma is recommended 
for removing the effects of cellular components and inhibito-
ry substances. A target-oriented amount of spiked-in control 
miRNA may be a useful normalizer. Furthermore, the imme-
diate addition of RI to blood sample is recommended to 
maintain the stability of the miRNA.  
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