
METHOD FOR MICRORNA ISOLATION FROM CLINICAL SERUM
SAMPLES

Yu Li*,# and Kris V. Kowdley*,#

*Benaroya Research Institute and Center for Liver Disease, Digestive Disease Institute, Virginia
Mason Medical Center, Seattle Washington, USA

Abstract
MicroRNAs are a group of intracellular non-coding RNA molecules that have been implicated in a
variety of human diseases. Due to their high stability in blood, microRNAs released into
circulation could be potentially utilized as non-invasive biomarkers for diagnosis or prognosis.
Current microRNA isolation protocols are specifically designed for solid tissues and are
impractical for biomarker development utilizing small-volume serum samples on a large scale.
Thus, a protocol for microRNA isolation from serum is needed to accommodate these conditions
in biomarker development. To establish such a protocol, we developed a simplified approach to
normalize sample input by using single synthetic spike-in microRNA. We evaluated three
commonly used commercial microRNA isolation kits for the best performance by comparing
RNA quality and yield. The manufacturer’s protocol was further modified to improve the
microRNA yield from 200 μL of human serum. MicroRNAs isolated from a large set of clinical
serum samples were tested on the miRCURY LNA real-time PCR panel and confirmed to be
suitable for high-throughput microRNA profiling. In conclusion, we have established a proven
method for microRNA isolation from clinical serum samples suitable for microRNA biomarker
development.
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INTRODUCTION
MicroRNAs belong to a new class of endogenous non-coding RNA species that play an
essential role in regulating cellular gene expression at post-transcriptional levels [1]. With
more than 1,500 human microRNAs identified experimentally or by bioinformatics [2], they
are known to be key regulators of many critical biological processes, such as cell cycle
progression and cell death [3; 4; 5]; as well as homeostasis of glucose [6], cholesterol [7],
and iron [8]. By the same token, microRNAs have been implicated in many important
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human conditions including viral diseases [9; 10; 11], immune diseases [12; 13; 14],
neurological disorders [15; 16; 17], and cancers [18; 19; 20; 21]. As microRNAs are
positioned up-stream in regulation cascades [1], their expression patterns could be more
predictive of pathological changes, and therefore allow earlier detection of rapidly
progressive terminal diseases.

MicroRNAs have been considered a promising candidate for the next generation of
diagnostic biomarkers because of the strong correlation between microRNA expression
patterns and disease status demonstrated not only in animal models but also in patients [10;
22; 23; 24; 25]. While disease-associated microRNA signatures have been largely identified
in solid tissues obtained by invasive procedures, recent proof-of-concept studies suggest that
serum microRNAs are reliable indicators of disease status [26; 27], asserting their potential
value in early, non-invasive diagnosis. Importantly, microRNAs are remarkably stable in
serum for extended periods of time due to two mechanisms: 1. formation of a
ribonucleoprotein complex with Argonaute proteins and 2. incorporation into exosomes
[28]. These unique properties could allow the continued usage of established specimen
collection and processing protocols. Given that phlebotomy is significantly safer and more
affordable than the invasive procedures used for solid tissue sampling, serum is an ideal
target for diagnostic biomarker development.

To study microRNAs in serum for biomarker identification, a protocol to extract microRNA
from a small volume of serum needs to be established for high-throughput microRNA
screening. Current serum microRNA isolation protocols require a relatively large volume of
sample to yield enough RNA for down-stream applications. Therefore, clinical serum
samples from multiple patients were often pooled to meet that requirement [26; 27]. This
practice might weaken the power of statistical analyses that are necessary in clinical
research, thereby leading to false negative findings. Furthermore, both endogenous and
synthetic RNA controls have been used in microRNA quantification to normalize sample
input [29]. However, the usage of these controls has not been evaluated in studies involving
clinical serum samples, although such a control is essential for accurate microRNA
quantification.

In this study, we compared three commonly used microRNA isolation kits for best RNA
quality and yield, and were able to improve the microRNA yield by modifying the
commercial protocol. We also assessed the use of both synthetic microRNA spike-in and
endogenous microRNA as the approach to normalize RNA input. We tested the isolated
microRNAs from a large number of patients in high-throughput real-time PCR, a widely
used platform for microRNA screening. We believe that the data from our study could serve
as good reference for researchers who are interested in studying serum microRNAs for
biomarker development.

MATERIAL AND METHODS
Serum samples

All participants provided written informed consent to participate in the study. The protocol
for tissue collection was adherence to ethical standards for patient protection and was
approved by our institutional review board. Whole blood samples were previously collected,
during a randomized, double-blind controlled trial, in red top Vacutainer tubes (BD, NJ)
from 66 patients diagnosed with primary sclerosing cholangitis (PSC) [30] and from 51
healthy blood donors. A total of 156 blood samples including 105 disease and 51 disease-
free samples were included in this study. Blood samples were left at room temperature for
30 minutes to allow complete coagulation. Coagulated samples were then spun at 1,500 g
for 15 minutes at 4 °C to separate serum. Serum was transferred to a new CryoTube (Nunc,
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NY) with care to not disturb the buffy coat. Serum samples were immediately frozen at −80
°C until RNA extraction.

RNA spike-in
Synthetic C. elegans microRNAs (cel-miR-39, cel-miR-54 and cel-miR-238) (Integrated
DNA Technologies, IA) were reconstituted in nuclease-free water (Ambion, TX) to 4 μmol/
μL. Then, twelve ten-fold serial dilutions into nuclease-free water were made for titration.
The diluted spike-in controls were stored at −80 °C until use.

RNA extraction
The miRNeasy kit (Qiagen, CA), the miRVana PARIS kit (Ambion, TX), and the total RNA
isolation kit (Norgen Biotek, Canada) were evaluated for total RNA extraction using 200 μL
of serum aliquots from one healthy individual. Before RNA extraction, all serum samples
were thawed completely on ice followed by centrifugation once at 20,000 g for 15 minutes
at 4°C to remove remaining cell debris. Then, 200 μL of serum sample was carefully
transferred to a new 2 mL DNA-LoBind tube (Eppendorf, Germany). Serum was mixed with
denaturing buffer in the volumes described within the manufacturers’ protocols. The mixture
was placed on a vortex mixer at 3,000 rpm for 15 seconds, and then left at room temperature
for 5 minutes to allow complete inactivation of serum RNases. Then, 20 fmol of synthetic
microRNA was spiked into the mixture. From here, the manufacturers’ protocols were
followed for RNA extraction. Total RNA isolated by all three kits was eluted by 50 μL of
nuclease-free water (Ambion TX). The miRNeasy kit was used to extract total RNA from
diseased and disease-free samples for microRNA profiling experiments. The RNA
concentration was measured using a NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies, DE).

RNA QC
The quality of RNA was evaluated on a Bioanalyzer 2100 instrument (Agilent, CA) using
the small RNA kit and the Nano 6000 kit (Agilent, CA). On the electropherogram of the
microchip gel electrophoresis, we arbitrarily defined small RNA and microRNA as RNA
species in length from 10 nt to 150 nt and from 14 nt to 29 nt, respectively.

Reverse Transcription
Synthetic microRNAs, miR-223, and miR-21 were reverse-transcribed using commercial
primers and the Taqman microRNA reverse-transcription kit (Applied Biosystems, CA)
according to the manufacturer’s protocol. 5 μL of RNA was reverse-transcribed in a 15 μL
reaction volume for each assay. The miRCURY LNA universal cDNA synthesis kit
(Exiqon, Denmark) was used to make cDNA for microRNA profiling according to the
manufacturer’s protocol. 15 μL of total RNA was reverse-transcribed in a 40 μL reaction
volume.

Real-time PCR
Taqman microRNA probes (cel-miR-39, cel-miR-54, cel-miR-238, hsa-miR-21 and hsa-
miR-223) and Taqman Master Mix without AmpEase UNG (Applied Biosystems, CA) were
used to quantify synthetic microRNA spike-ins and cellular microRNAs in real-time PCR
assays according to the manufacturer’s protocols. Individual real-time PCR assays were
performed in a 20 μL reaction volume on an ABI 7500 real-time PCR system (Applied
Biosystems, CA). The real-time PCR efficiency was calculated using the formula:
Efficiency=10(−1/slope)-1. The miRCURY LNA Human microRNA real-time PCR panel I
and the miRCURY SYBR green Master Mix (Exiqon, Denmark) were used in microRNA
profiling experiments according to the manufacturer’s protocols. cDNA was further diluted
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55 fold for a 384-well real-time PCR panel. 1 μL of ROX reference dye (Invitrogen, NY)
was added to real-time PCR master mix. A reaction volume of 10 μL was applied. The real-
time PCR panel was run on an ABI 7900HT real-time PCR system (Applied Biosystems,
CA).

Statistical analyses
Student t-test p-values, and standard deviations (SD) were calculated by MS EXCEL.
GenEx 5.0 (MultiD Analyses, Sweden) was used to perform inter-plate normalization
among miRCURY LNA real-time PCR plates according to the manufacturer’s manual.

RESULTS AND DISCUSSION
Determination of synthetic microRNA spike-in control

Relative quantification is the most common strategy to assess RNA expression differences
between two samples. An endogenous control is routinely used for normalization of sample
input. This endogenous control is usually a messenger RNA (mRNA) or a ribosomal RNA
(rRNA) that is abundantly expressed in tissue or cultured cells and is unaffected by different
treatments or experimental conditions. Finding such controls in serum is difficult because
most large RNA species including mRNA and rRNA are absent in serum due to high levels
of RNases present in blood. For this reason, endogenous microRNA species have been
considered as an alternative control due to their remarkable stability in serum [27; 31].
However, the applicability of an endogenous microRNA control is disease- or treatment-
specific [29; 32]; therefore, using endogenous microRNA to normalize sample input may
introduce bias.

An alternative to endogenous control is synthetic microRNA spike-ins which have been
used previously in serum biomarker identification [27]. In this study, we performed
independent evaluation of three synthetic C. elegans spike-in microRNAs that were used
previously [27; 28]. First, we established standard curves using real-time PCR cycle
numbers. We found that the linear range for all three synthetic microRNAs were within six
log-orders, between 0.4 amol to 40 fmol (Figure 1a). Because the cel-miR-54 probe
demonstrated the best PCR efficiency among the three tested spike-ins (Table 1), we chose
this microRNA as the sole spike-in in order to simplify the normalization process. Next, we
evaluated if 20 fmol, the amount used in previous reports [27; 28], was an appropriate
amount in our experimental setting. Shown in Figure 1b, the Ct value of 20 fmol cel-miR-54
after RNA extraction fell within the linear range of the standard curve. Therefore, we
concluded that 20 fmol of cel-miR-54 was a proper spike-in control for microRNA isolation
from 200 μL serum.

RNA quality
The quality of RNA is critical for accurate microRNA quantification. Unlike the exosome or
RNP complex protected endogenous microRNAs in serum, naked spike-in microRNA is
subject to rapid degradation if RNases are not completely inactivated at the beginning of the
RNA isolation process. The degradation of spike-in microRNA during the RNA isolation
process would lead to inaccurate quantification in down-stream applications. To inactivate
serum RNases, RNase-inhibiting denaturing reagents are routinely used. However, if RNase-
inhibiting denaturing reagents are not removed completely from the RNA extract, the
residual denaturing reagents could inhibit enzymatic reactions such as reverse-transcription
(RT) and polymerase chain reaction (PCR), thereby compromising the sensitivity of down-
stream quantification assays. For this reason, a filtering agent is necessary to remove
residual denaturing reagents. Currently, a strategy of combining denaturing reagent and a
silica filter has been adopted by commercial kits, such as the miRNeasy kit (Qiagen), the
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miRVana PARIS kit (Ambion) and the total RNA kit (Norgen). Although these kits are
commonly used to isolate total RNA that contains microRNA species, an independent cross-
comparison of these kits is not available. We compared the quality of serum total RNA
isolated by these three kits. The large RNA species such as mRNAs and ribosomal subunits
18s and 28s were absent in total RNA samples examined using a Bioanalyzer (Data not
shown), likely due to the presence of serum RNases. However, the microRNA fraction with
sizes of approximately 22 nt were present in total RNA from all three kits (Figure 2a). Due
to the absence of 18s and 28s rRNA species in serum, the quality of isolated RNA samples
could not be determined by RNA Integrity Number (RIN). Instead, we used the percentage
of microRNA in small RNA as the criterion to assess the RNA quality. Since most if not all
large RNA species have been degraded in serum, the total RNA extracted from serum
should mainly comprise small RNA including microRNA, and short fragments of degraded
large RNA species. Here, we arbitrarily define small RNA as RNA species in size between
10–150 nt, different from the size range of 6–150 nt that was automatically set by
Bioanalyzer. We chose 10 nt as the low end for accurate measurement by completely
excluding the lower marker peak centered at 4 nt. As the size of known human microRNAs
is between 16 and 27 nt (miRBase sequence database-release 19, www.miRBase.org), we
chose the size range of 14–29 nt for microRNA measurement to completely include
microRNAs peaks centered at 16 nt and 27 nt. A higher proportion of microRNA in small
RNA indicates less microRNA degradation and therefore higher microRNA quality.
Notably, 67.1% and 66.7% of small RNA isolated by the Qiagen kit and the Ambion kit,
respectively, were microRNA fractions. This ratio was significantly higher than 21.2%
obtained by the Norgen kit (Figure 2b). Our data therefore suggest that RNA isolated by the
Qiagen or Ambion kits have better quality than the Norgen Kit.

RNA yield
It is important to maximize the yield of isolated microRNA. As microRNA abundance in
serum is significantly lower than that in solid tissues, low RNA yield would result in failure
of detection of microRNA signatures present in low abundance. Among the three kits we
tested, the Qiagen kit yielded the microRNA with highest concentration (Figure 3a). As
RNA was eluted in the same volume of solution in using all three kits, the concentration of
microRNA would directly indicate the microRNA yield. While the concentration of
microRNA from the Qiagen kit was 48.8 pg/μL, the concentrations of microRNA from the
Ambion kit and the Norgen kit were 29.3 pg/μL and 11.7 pg/μL, respectively. In addition,
we measured the relative abundance of two circulating microRNAs miR-223 and miR-21
using cel-miR-54 spike-in to normalize sample input. Consistent with the Bioanalyzer result,
our quantitative real-time PCR results indicated that the Qiagen Kit was able to recover
more endogenous microRNA than the other kits (Figure 3b). Serum miR-223 and miR-21
were recently demonstrated as potential biomarkers in diagnosis of liver cancer [31]. As the
levels of miR-223 and miR-21 could be reliably measured in this study as well, our data
confirm that this novel serum RNA isolation protocol could be used for measuring serum
microRNA levels by individual real-time PCR assays.

We also measured the quantity of extracted total RNA with a NanoDrop spectrophotometer
for individual variation. The RNA concentrations were low and in a wide range. Among 156
human serum samples, the average quantity of recovered total RNA from 200 μL of serum
was 258.2±97.6 ng [mean±SD] in disease-free samples and 218.1±111.6 ng [mean±SD] in
disease samples (Table 2). This quantity was significantly higher than that in previous
studies, wherein recovery was reported to be approximately 120 ng total RNA yield from
200 μL serum [31]. Our results indicate that the abundance of total RNA in serum is highly
variable among individuals. It also suggests that the quality of total RNA should not be used
for input normalization in relative quantification of serum microRNA. Notably, the total
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RNA yield between disease samples and disease-free samples was significantly different
(student t-test p-value <0.01) (Table 2). It may implicate distinct serum microRNA
expression profiles between these two groups.

Since the Qiagen kit was not specifically designed for microRNA extraction from serum
samples, we sought to further improve the yield by modifying its current protocol designed
for tissue and cells. For this purpose, we assessed the relationship between the ratios of the
denaturing buffer Qiazol to serum and the resulting yields. Our results indicate that the RNA
yield was positively correlated with Qiazol:Serum ratio with highest yield at the ratio of 7:1
(Figure 3c). When the ratio is above 7, the sample cannot be accommodated in a 2 mL
Eppendorf tube and must be processed in separate tubes, resulting in greater RNA loss
(Figure 3c). We also considered increasing the ratio by lowering the initial serum input.
However, the yield increase by raising the ratio could not fully compensate for lower
quantity of microRNA extracted from a smaller volume of serum. Taken together, although
increasing the Qiazol/serum ratio higher than 7 could increase the microRNA yield in
theory, this would require either sacrificing microRNA quantity or developing specialized
processing equipment.

Application
Next generation sequencing (NGS), microarray, and real-time PCR are the currently
available methods used to measure microRNA abundance in expression profiling studies.
NGS is not yet practical for serum microRNA profiling studies involving large number of
patients due to the requirement of significantly larger RNA input [33]. Although the RNA
input required by microRNA microarrays is comparable to real-time PCR [34], microarrays
offer less sensitivity and require significantly more effort for data processing. Thus, real-
time PCR is the most commonly used approach in microRNA quantification. The sensitivity
and specificity of real-time PCR, as well as its flexibility in both high-throughput expression
profiling and quantification by individual assays makes this approach of measuring
microRNA abundance most attractive. In this study, we tested the RNA isolated from 200
μL human serum on the real-time PCR assay panel using locked nucleic acid (LNA)
modified probes [35], an increasing popular approach in the field [28; 36].

We compared the cycle numbers of reverse-transcribed serum microRNAs and non-RT
controls in real-time PCR assays. The cycle numbers of 375 human microRNAs with RT
were between 22 to 40; while none of the cycle numbers in the non-RT control was smaller
than 35 (Figure 4). This suggests that serum microRNAs can be detected in the LNA real-
time PCR panel. It also suggests that the DNA contamination in the serum RNA samples
extracted using our protocol is negligible. Then, we assessed the variations of microRNA
quantities among a large number of samples using standard deviation (SD) of cycle
numbers. We found that the cycle number of most microRNAs vary greatly among samples.
The microRNAs with the lowest SD are miR-103, miR-191 and miR-423-5p. Nevertheless,
their SD values were still significantly greater than that of the synthetic spike-in cel-miR-54
(Table 3). Thus, synthetic spike-in microRNA performed better for normalizing sample
input than the most stably expressed endogenous microRNAs, as its abundance was less
affected by sample variations. Interestingly, the abundance of U6 and miR-16, two
commonly used endogenous controls for microRNA quantification, were highly variable
among a large number of clinical serum samples compared with spike-in RNA controls
(Table 3), suggesting that they should not be used as the control in serum microRNA
biomarker identification. Taken together, our results indicate that serum microRNA isolated
by our protocol is suitable for real-time PCR based microRNA profiling experiments.

Circulating microRNA signatures can be identified in either serum or plasma [37]; however,
because serum is free of anti-coagulants such as heparin, a potent inhibitor of down-stream
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PCR reactions, it delivers more consistent measurements [38]. Because of this, use of
archived plasma samples is discouraged for biomarker identification. Also important to note
when processing patient blood, serum samples may be less affected by hemolysis than
plasma samples. A recent study suggested that significant variation of microRNA expression
in plasma may be contributed by blood-cell specific and platelet specific microRNAs from
hemolysis [39]. Improper handling of plasma sample could increase the risk of hemolysis
and dilute the quality of down-stream data analysis. By contrast, the standard serum
isolation procedure is relatively more consistent, as whole blood samples are set to coagulate
naturally. Thus, data comparison of serum samples collected at different research centers
would be more feasible.

In conclusion, we established a protocol to isolate microRNA from 200 μL of human serum.
This protocol was able to extract high quality microRNAs with enough yield for high-
throughput real-time PCR profiling experiments. Synthetic microRNA spike-in was found to
be a more effective control than an endogenous microRNA for input normalization. We
believe the information provided in this report is valuable for researchers interested in
developing serum microRNA biomarkers for diagnosis or prognosis of a wide range of
disease.
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Fig. 1. Determination of synthetic microRNA spike-in controls
A: Titration of synthetic microRNA spike-in controls. Concentration: 0–3:0–40 zmol/μL; 4–
9: 0.4 amol/μL-40 fmol/μL; 10–11: 400 fmol/μL-4 pmol/μL. The average Ct values from
quadruplicate wells were used to produce the standard curves. B: The Ct value of 20 fmol
cel-miR-54 spiked into 200 μL serum from one healthy individual. The Ct value fell into the
linear range of standard curve. The Ct value represents an average of twenty replicate wells
from 5 independent extractions.
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Fig. 2. RNA quality
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A: Left. Fluorescence intensity of small RNA fractions at different sizes. Two dash-lines
(10–150 nt) indicate the size range for small RNA measurement. The lower marker peak
centered at 4 nt is partially shown. Right. Gel electrophoresis analysis of small RNA
fractions on an Agilent small RNA chip. Gel images demonstrate small RNA profiles of
RNA samples isolated by Qiagen, Ambion and Norgen kits. The “Gel Enhanced View”
function of Bioanalyzer was turned on to show low abundant RNA species. It is a
representation of three repeat extractions. B: Percentage of microRNA in small RNA
fractions. Small RNA and microRNA were defined as RNA species in size between 10 nt
and 150 nt, and between 14 nt and 29 nt, respectively. The quantification of each RNA
species was performed using a Bioanalyzer. A student t-test was performed to evaluate
statistical significance. The percentage was an average of three repeat extractions.
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Fig. 3. RNA Yield
A: MicroRNA concentrations in RNA samples extracted from 200 μL serum from one
healthy individual measured using a Bioanalyzer. MicroRNA was defined as RNA species
in size between 14 and 29 nt. The concentration represents an average of three repeat
extractions. B: Relative quantification (RQ) of miR-21 and miR-223 in extracted serum
RNA samples using three kits. The miR-21 and miR-223 abundance in samples extracted
using the Ambion and Norgen kits was relative to that in samples extracted using the Qiagen
kit. The relative abundance of microRNAs was measured by real-time PCR assays. The
microRNA RQ was normalized by the abundance of cel-miR-54. RQ represents the average
RQ of three repeat extractions. Quadruplicate wells were used in PCR assays. C: microRNA
yield at different Qiazol:Serum ratio using the miRNeasy kit. The microRNA quantification
at other ratio was relative to that at the ratio of 7:1. The calculation was based on the ΔCt of
cel-miR-54 between two samples. 200 μL serum was used. A student t-test was performed
to evaluate statistical significance. The RQ represents an average of three repeat extractions.
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Fig. 4. Down-stream Application
Amplification plot of 375 human cellular microRNAs. The detection threshold was set at 1.
Cycle number of 35 was set as cutoff for positive amplification. A: With reverse
transcription (RT): a large number of microRNAs were detected before the 35th cycle; B:
non-RT control: None of microRNAs were detected before the 35th cycle.
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