
Stability of miRNA in human urine supports its biomarker
potential

Christine Mall1,2, David M Rocke3, Blythe Durbin-Johnson3, and Robert H Weiss*,1,2,4,5

1Division of Nephrology, Department of Internal Medicine, Genome & Biomedical Sciences
Building, Room 6312, University of California, Davis, CA 95616, USA
2Comparative Pathology Graduate Group, University of California, Davis, CA 95616, USA
3Division of Biostatistics, Department of Public Health Sciences, University of California, Davis,
CA 95616, USA
4Cancer Center, University of California, Davis, CA 95616, USA
5Medical Service, Sacramento VA Medical Center, Sacramento, CA 95655, USA

Abstract
Aim—miRNAs are showing utility as biomarkers in urologic disease, however, a rigorous
evaluation of their stability in urine is lacking. Here, we evaluate the stability of miRNAs in urine
under clinically relevant storage procedures.

Materials & methods—Eight healthy individuals provided clean catch urine samples that were
stored at room temperature or at 4°C for 5 days, or subjected to ten freeze–thaw cycles at -80°C.
For each condition, two miRNAs, miR-16 and miR-21, were quantitated by quantitative real-time
PCR.

Results—All conditions demonstrated a surprising degree of stability of miRNAs in the urine: by
the end of ten freeze–thaw cycles, 23–37% of the initial amount remained; over the 5-day period
of storage at room temperature, 35% of the initial amount remained; and at 4°C, 42–56% of the
initial amount remained. Both miRNAs also showed degradation at approximately the same rate.

Conclusion—miRNAs are relatively stable in urine under a variety of storage conditions, which
supports their utility as urinary biomarkers.
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There is growing evidence that miRNAs, which are small ncRNAs made up of 19–23
nucleotides, play regulatory roles in gene expression. In addition to other diseases, miRNAs
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have been found to be dysregulated in urologic diseases, such as malignancies of the
prostate, bladder and kidney [1], exerting their effects as oncogenes or tumor suppressors
[2], and in nephrological diseases such as glomerulonephritis [3] and fibrosis [4].
Circulating blood miRNAs have been investigated as novel approaches for biomarker
discovery, and more recently, miRNAs have been detected and quantitated in other body
fluids including urine, saliva and cerebrospinal fluid [5]. However, the few published reports
of urinary miRNAs as potential biomarkers [5,6] have no supporting studies evaluating the
stability and possible degradation of miRNAs in urine or optimal storage conditions for
urine, in contrast to what is reported for blood miRNAs [7,8].

Given that urine is one of the most easily accessible and noninvasive biofluids available in
urology, nephrology and primary care clinics, our laboratory has been searching for
compounds that can be stably identified in the urine and can be used as specific biomarkers
for renal disease. While there is little question that a metabolomic approach has resulted in
stable urinary biomarker prospects in the form of small molecule metabolites [9–11], the
possibility that miRNAs may be similar candidates is not at all clear due to the potential
instability of miRNA in the harsh urinary milieu.

Supporting the likelihood of identifying clinically useful urinary miRNAs, more than 40
such miRNAs have now been identified and linked to specific urological pathologies,
including intrinsic kidney disease, renal cell carcinoma and bladder cancer [1,5,12,13].
However, while there has been some attempt to identify urinary miRNA biomarkers for
nephrological disease such as lupus [14], IgA nephropathy [15] and chronic allograft
nephropathy [16], there has been no assessment of miRNA stability in these studies as a
function of storage times and conditions; this would appear to be a missing yet necessary
piece of information going forward with urinary miRNA biomarker studies. The purpose of
the current study was to attempt to remedy this situation and to assess urinary miRNA
stability under various clinically relevant conditions: room temperature and 4°C, as well as
serial freeze–thaw conditions. We now show that urinary miRNA is relatively stable under
all of the conditions evaluated. While there is some degradation over time, such degradation
results in levels of two representative miRNAs well within the upper limit of qPCR
detection at the cycle threshold (CT) value of 35 [17,18], suggesting excellent utility as
biomarkers. In addition, the rate of degradation of the miRNAs examined was similar and
independent of miRNA sequences of the representative miRNAs, suggesting that the relative
stability of miRNA is a common property and that multiplexing using several miRNAs is
indeed feasible. This work sets the stage for future research on identifying specific urinary
miRNA biomarkers for a variety of kidney diseases, and reinforces the robustness and
clinical utility of existing as well as forthcoming studies utilizing urinary miRNA for
biomarker studies.

Materials & methods
Urine collection

After appropriate Institutional Review Board approval, clean catch midstream urine samples
were obtained from eight healthy individuals (four males and four females), ranging from
ages 25–57 years. Voids from the same subjects were taken multiple times for each of the
parts of the study: to assess stability of miRNA levels, for pellet versus uncentrifuged urine
miRNA quantification and for the urinary exosome experiments. For miRNA stability
experiments, aliquots of 1 ml from a 30–50-ml clean catch void were prepared and stored at
4°C, room temperature (∼25°C) or subjected to freeze–thaw cycles from -80°C to room
temperature. Each urine sample aliquot for the 4°C and room temperature experiments were
processed for RNA isolation and quantification via reverse transcriptase quantitative PCR

Mall et al. Page 2

Biomark Med. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



for miR-16 and miR-21 at time points 0, 1, 3, 6 and 12 h then daily (i.e., every 24 h) until
day five. Ten freeze–thaw cycles were completed for sample aliquots kept at -80°C.

Isolation of miRNA from urine
For the study of pellet versus uncentrifuged urinary miRNA isolation, two 1-ml aliquots of
urine were set aside from three subjects. One aliquot was centrifuged at 25,000 × g at 4°C
for 15 min. After separating the supernatant from the pellet into a new tube, the pellet,
supernatant and uncentrifuged aliquots were all processed for miRNA isolation per the
manufacturer's protocol (miRNeasy Mini Kit, Qiagen, CA, USA). For the stability
experiments, each freeze–thaw aliquot was first thawed on ice prior to proceeding with
centrifugation. In all subsequent experiments, 1-ml aliquots were first centrifuged at 25,000
× g at 4°C for 15 min, the supernatant was discarded and the manufacturer's protocol from
the miRNeasy Mini Kit was adapted for purification and isolation of miRNA.

Quantitative real-time PCR techniques
Quantification and real-time PCR was carried out via quantitative real-time PCR (qRT-PCR)
using miRNA-specific TaqMan® MicroRNA Assays (Applied Biosystems, CA, USA) for
miR-16 (UAGCAGCACGUAAAUAUUGGCG) and miR-21
(UAGCUUAUCAGACUGAUGUUGA) per the manufacturer's protocol. The reverse
transcription reactions were performed in conjunction with the TaqMan miRNA Reverse
Transcription Kit (Applied Biosystems) with RNA eluate to attain cDNA on the Peltier
thermal cycler (MJ Research, MA, USA) at 16°C for 30 min, 42°C for 30 min and 85°C for
5 min. Next, combining the miRNA-specific primers and probe mix of the miRNeasy Mini
Kit, TaqMan® Universal PCR Master Mix, No AmpErase® UNG (Applied Biosystems),
nuclease-free water and reverse transcription product per sample, qRT-PCR reactions were
set up in triplicate in a 384-well plate. The plate was sealed using MicroAmp™ Optical
Adhesive Film (Applied Biosystems) and briefly centrifuged. Reactions were carried out on
the ViiA 7 Real-Time PCR System (Applied Biosystems) at 95°C for 10 min, followed by
40 cycles at 95°C for 15 s and 60°C for 1 min. No template and no reverse transcription
controls were performed for each qPCR reaction plate.

Urinary exosome isolation
Urinary exosomes were isolated from 1-ml aliquots of fresh urine from five of the eight
randomly selected subjects, as has been described using differential centrifugation, which
involves multiple centrifugations of increasing speeds allowing for the isolation and
purification of nanosized urinary exosomes [19]. In the case of urine treated with trypsin to
elute possible exosome-bound structures or macromolecules [20], 0.25% trypsin was added
to 1 ml of fresh urine and allowed to incubate for 15 min at 37°C prior to isolation of
exosomes.

Statistical analysis
For urinary miRNA studies, changes in CT values over time or over multiple freeze–thaw
cycles were analyzed using linear models including effects for time (or number of freeze–
thaw cycles), subject and their interaction. For the pellet versus uncentrifuged urine study,
CT values were compared between miRNA isolated from urine pellets versus uncentrifuged
urine using a linear mixed effects model including fixed effects for treatment and sex, and a
random intercept term for subject. Post-hoc pairwise comparisons between treatments were
made using the Tukey honestly significant difference approach. All analyses were conducted
in R, Version 2.13.0 (R Development Core Team, 2011). Linear fits were used to estimate
the average rate of degradation because, although the rate varies over time, it does not do so
in a systematic way that could be modeled from a statistical stand point. The exponentiated
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slope from regression was used to derive percent changes in CT values; for example, the
regression slope calculated from CT data was transformed to 2-slope in order to reflect
changes in quantity on the 2-CT scale.

Results
Optimal processing conditions of urine samples & preparation of RNA

When compared with mRNA and other cellular RNAs, miRNA has shown a surprising
degree of stability for reasons that are as yet unknown. Even though urine contains abundant
nucleases [21], others have reported miRNAs to be identifiable in the urine, with their
stability attributed to nuclease resistance due to smaller nucleic acid size [6] and/or
microvesicular containment [22].

In order to determine the optimal initial preparation conditions for subsequent examination
of urinary miRNA (i.e., urinary pellet vs uncentrifuged urine), we first obtained freshly
voided, clean-catch urine samples from three healthy volunteers and immediately processed
the aliquots for total RNA isolation. Two 1-ml aliquots of urine from each void were
obtained. One of these aliquots was subjected to centrifugation, and the pellet and
supernatant were separated for further analysis, and the other aliquot was not centrifuged.
Total RNA was isolated from each of these fractions and all were analyzed for miR-16 and
miR-21 content by qRT-PCR as described in the ‘Materials & methods’ section. For all
samples, there were significantly higher levels of both miR-16 and miR-21 (manifested by
lower CT values) in the urinary pellet compared with levels in the supernatant and
uncentrifuged urine (Figure 1). Whether these differences were due to free-floating urinary
miRNA or to that contained within cells or other debris that would appear in the
centrifugation pellet was not addressed owing to the lack of relevance to these initial
biomarker studies. However, based on these data, in subsequent studies of miRNA stability
we analyzed miRNA in the higher concentration urinary pellet, as would most closely mimic
an ideal clinical assay conditions.

Relative CT values are proportional to urinary miRNA quantity
To confirm that the miRNA-specific qRT-PCR assays utilized in this study accurately
reflect relative miRNA levels within the urine, we performed serial dilution studies of RNA
isolated for the miR-16 analysis. After total RNA was isolated from one volunteer's urine,
miR-16 was quantitated by qRT-PCR as a function of either total RNA concentration input
into the reverse transcriptase reaction, or as a function of volume of isolated RNA input
from the same urine sample into the reverse transcriptase reactions. In the first experiment,
isolated total RNA was added to the reverse transcriptase reaction at different relative
concentrations via serial dilutions of RNA solution by adding nuclease-free water (Figure
2A); in the second experiment, different volumes of RNA solution (from the same initial
RNA solution as the first experiment) were added into the reverse transcriptase reaction
(Figure 2B). From the reverse transcription reactions, miR-16 content was quantitated by
qPCR as described in the ‘Materials & methods’ section. As is evidenced by the linear
relationships between CT values and urinary concentrations (R2 = 0.9258 and 0.826),
subsequent experiments measuring relative miRNA levels are quantitatively accurate.

To validate and generalize the amplification efficiencies of miRNA in urine, we evaluated
U6 levels and assessed the ΔCT relative to template dilution for miR-16 as has been
previously reported for validating relative gene expression [23]. U6 was used as a
housekeeping miRNA as it has been shown to remain conserved interspecies [24]. Both
target and reference amplifications were performed at log cDNA dilutions from a single
urine sample. The slope of ΔCT relative to template dilution being close to zero (Figure 2C)
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confirms that the amplification efficiency of a reference miRNA is similar to that of a
reference RNA when detected under the same conditions.

Human urinary miRNA remains relatively stable under various storage conditions
To evaluate urinary miRNA stability under various clinically relevant storage conditions, we
isolated total RNA from urine samples and subsequently quantified miRNA by qRT-PCR.
The changes in the CT values over time or over multiple freeze–thaw cycles from the qRT-
PCR output (in CT values) are expressed in terms of percent change in actual miRNA in this
section (see Tables 1 & 2 and statistical analysis section of the ‘Materials & methods’
section) [25]. However, the analysis units were CT values that are shown in Supplementary
Figures 1–3 (see online at www.futuremedicine.com/doi/suppl/10.2217/BMM.13.44).

We utilized two representative miRNAs: miR-21, postulated to be altered within renal cell
carcinoma tissue compared with normal tissue [21]; and miR-16, a putative reference
miRNA [26]. After subjecting to freeze–thaw (at -80°C to room temperature), storage at
room temperature (∼25°C) or at 4°C, total RNA was isolated and miRNA was quantitated.
When evaluated under the condition of freeze–thawing (daily cycles from -80°C to room
temperature), the quantity of miR-16 showed a decrease of 86% of the previous value after
each cycle (95% CI: 82–91; Table 1 & Supplementary Figure 1A), and miR-21 showed a
decrease of 90% of the previous value for each cycle (95% CI: 86–95; Table 1 &
Supplementary Figure 1B). After ten freeze–thaw cycles, the quantity of miR-16 declined to
23% of the initial value (95% CI: 14–39) and the quantity of miR-21 declined to 37% of the
initial value (95% CI: 23–59; Table 1).

Next, the degradation rate of the miRNAs was examined at room temperature (∼25°C). The
quantity of miR-16 in urine was shown to decrease each day on average to 81% of the
amount the previous day (95% CI: 77–86; Table 2 & Supplementary Figure 2A). Over a 5-
day period, the quantity of miR-16 decreased on average to 35% of the initial amount (95%
CI: 26–46; Table 2). The quantity of miR-21 in urine was shown to decrease each day on
average to 81% of the amount of the previous day (95% CI: 75–87; Table 2 &
Supplementary Figure 2B). Over a 5-day period, the quantity of miR-21 decreased on
average to 35% of the initial amount (95% CI: 24–50; Table 2).

When stored at 4°C for up to 5 days, the quantity of miR-16 decreased each day on average
to 84% of the amount the previous day (95% CI: 79–90; Table 2 & Supplementary Figure
3A). Over a 5 day period, the quantity of miR-16 was shown to decrease on average to 42%
of the initial amount (95% CI: 31–58; Table 2). The quantity of miR-21 at 4°C decreased
each day on average to 89% of the amount of the previous day (95% CI: 83–95; Table 2 &
Supplementary Figure 3B), and over a 5 day period, the amount of miR-21 was shown to
decrease on average to 56% of the initial amount (95% CI: 39–79; Table 2).

Thus, under all potential storage conditions evaluated, there was relative stability in the
amount of detectable miRNA for up to 5 days at room temperature, 4°C and 10 freeze–thaw
cycles. The maximum degradation in miRNA quantity, with ten freeze–thaw cycles, was
28.1% for miR-16. Our finding that the CT values under all storage conditions remained
well below the detectable CT value of 35 [17,18] supports the use of urine as a clinically
reliable biomarker.

Different miRNAs show similar relative degradation & amplification efficiencies
The utility of biomarkers, especially those in the urine, will likely lie in multiplexing rather
than in using a single miRNA as a marker of disease. For this reason, it is important to
determine whether the rate of degradation of miRNAs of different lengths and/or sequences
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is similar when measured under the same storage conditions. The rates of degradation of the
two miRNAs evaluated in this study at one representative condition (room temperature)
were compared, and both of the measured miRNAs appeared to have similar degradation
rates as observed by CT ratios (calculated change in ratio of -0.0006/day; 95% CI: -0.005–
0.003; Figure 3). To support the generalizability of this phenomenon, these miRNAs were
aligned using an online BLAST [101] and no homology was noted, thus these two miRNAs
represent completely different sequences.

Urinary miRNA is resistant to trypsin
To test the possibility that urinary miRNAs are associated with urinary proteins or whether
they exist as an integral component of proteins on the exterior of exosomes, we assessed the
effect of trypsin digestion on the quantity of urinary miRNA [20]. For these experiments, we
utilized differential centrifugation because exosomes, released from the cells into the urinary
space [19], are difficult to isolate and purify to homogeneity using slow-speed centrifugation
alone [27].

Exosomes from five volunteers' urine were isolated using differential centrifugation as
described in the ‘Materials & methods’ section; no normalization to concentration of urine
was necessary in these experiments because the same void was used for each experiment.
qRT-PCR was performed on miRNA isolated from these fractions using primers for miR-16
and miR-21. There was no change in the levels of miR-16 or miR-21 (Table 3) as assessed
by CT value when the same fraction of urine was treated with 0.25% trypsin. Thus, the
unusual stability of urinary miRNA is not due to its association with exosome-bound
structures or macromolecules in urine; these data further support the robustness of urinary
miRNA as potential biomarkers.

Discussion
While there exist some promising leads from the fields of proteomics [28,29] and
metabolomics [10,11], there are currently no specific biomarkers for the early detection of
many renal diseases, and there is a paucity of urinary biomarker tests for any urologic
disease [6]. The use of a urine RNA-based test may at first appear to be fraught with
problems given the known liability of RNA; however, there is increasing evidence that
miRNA shows surprising stability in situations in which total RNA or mRNA have been
shown to be degraded [22]. In the present study, we have evaluated the relative stability of
miRNAs in urine from healthy subjects with an eye towards developing an miRNA-based
bioassay for genitourinary and renal pathologies; we found a surprising degree of stability
under clinically relevant storage conditions.

miRNAs are 18–25 nucleotides long, small noncoding RNAs that are found to have
regulatory effects on messenger RNA expression and activity [30]. As regulators of post-
transcriptional expression of a variety of genes, miRNAs impact many renal diseases
including glomerulonephritis and fibrosis. There are reports of detection of miRNAs in
various and disparate nonurine biofluids including plasma, serum, cerebrospinal fluid, breast
milk, and tears [5,7,8], yet none of these, to date, has resulted in the validation of a
successful biomarker. The data in our study supports broad applicability of urinary miRNA
for a variety of diseases of the genitourinary tract. While the bar is high in terms of
specificity for any clinically applicable screening test, limiting the sampling to a population
at high risk for the specific disease can make such considerations achievable.

In pursuit of potential applications for miRNAs as biomarkers in genitourinary disease,
several miRNAs have already been shown to be associated with urologic cancers. For
example, miR-126 and miR-182 were recently shown as dysregulated in bladder cancer and
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successfully detected in urine of patients with this disease [6], and another report identifies
65 miRNAs that were found to be altered in metastatic and primary renal cell carcinomas in
formalin-fixed, paraffin-embedded tissues [31]. miR-210, observed to increase under
hypoxic conditions, has been shown to play a role in pancreatic, breast and renal cancers
[19,32–34]. For these reasons, and in light of the stability data shown in this study, miRNAs
would now appear to have great potential as markers in genitourologic malignancies;
examination of specific potential urinary miRNA biomarkers of kidney cancer is currently
being pursued in our laboratory.

As far as intrinsic renal disease is concerned, there have been a few studies looking at
miRNAs in the urine. In IgA nephropathy, it has been shown that urinary levels of miR-146a
and miR-155 were significantly elevated, and that the degree of upregulation correlated with
clinical and histological severity of the disease [15,35]. This same group evaluated urinary
miRNAs in lupus, and found that some miRNAs were lower in urine of lupus patients
compared with controls [14]. In the field of renal transplantation, there are several studies
correlating urinary miRNA levels with acute rejection [36] and with chronic allograft
nephropathy [16]. However, our study presented here was one of the very few in which both
stability of miRNA and reproducibility of its quantitation were precisely evaluated. The
study which evaluated stability, in contrast to our data, showed no ‘discernible’ loss of
miR-21 expression in the urine of three healthy volunteers after four and 24 h of room
temperature storage or after four freeze–thaw cycles [36]. It is not clear from that study
whether the cellular and protein debris was removed prior to analysis, which may account
for the differences between this study and ours. Furthermore, since there are currently many
available kits to isolate miRNA, it is possible that the use of alternative kits may have an
effect on quantity and/or quality of miRNA isolated from urine samples. However, since
most kits currently available use similar protocols for serum, urine, plasma and other
biofluids, we did not utilize such alternative methods. The use of these kits would not affect
our principal findings of urine stability under various conditions; in fact, the use of the same
kit for all experiments as we did avoids introducing external analytical variability.

While we observed consistent and detectable miRNA over time and freeze–thaw cycles, we
found degradation over time of the two miRNAs studied, both of which degraded relatively
consistently under all conditions. Our data show that urinary miRNA is best measured
within the first 24 h for the most accurate representation of miRNAs in the urine milieu; of
the conditions evaluated, storage at 4°C was found to have the least degradation (42–56%
reduction in miRNA after 5 days). We did not evaluate miRNA stored over time at -80°C,
but this would likely be more stable than 4°C. In all storage conditions evaluated, our
finding that the CT values were well below the detectable CT value of 35 [17,18] supports
the use of urine as a clinically reliable biomarker. It should be noted that we used linear fits
to estimate average rate of degradation of miRNA in our samples, which is a standard
procedure. Essentially, though the rates varied over time, they did not do so in a systemic
way that we could model. Rather, this was representative of differences between individuals.
We accounted for these differences between individuals in the analysis, and these
differences would not be removed by increasing the sample size. Rather, increasing the
sample size could further narrow the confidence intervals by decreasing effects of standard
deviations, however, they are already sufficiently narrow to support our hypothesis.

It should also be noted that there are many factors that may play a role in the observed
person-to-person variability of the pattern of CT changes seen in our experiments; for
example, unforeseen slight variations in room temperature; or varying 4°C temperature with
use (opening and closing of the refrigerator). This study assessing two miRNAs does not
allow us to draw firm conclusions on whether or not all miRNAs degrade in a similar
manner. However, supporting our data, different miRNAs have shown similar stability when
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evaluated in plasma and serum [8]. In addition, our data suggest similar degradation patterns
and amplification efficiencies over time as a factor of temperature and freeze–thaw cycles,
although it should be kept in mind that other miRNAs could have somewhat disparate
stability parameters than what we have observed.

Recent studies have also shed light onto the role of exosomes in carrying miRNAs for
intercellular communication. Exosomes have been found to originate from endocytosis of
the plasma membrane [19]. Exosomes arise when a microvesicular body fuses with the cell
membrane, hence exosomes are essentially lipid bilayers but also contain a large number of
surface proteins [20]. The unusual stability of miRNA in several biofluids as well as tissues
has been attributed to their location within exosomes [12,20], with these organelles
theoretically providing a barrier to nucleases. In some cases, miRNAs have been found to
bind to exosome-associated surface adaptor proteins such as HDL [37] or Ago2 [38], a
situation that could also contribute to their stability. Because exosomes have been previously
shown to contain cellular miRNA upon its exit from the cell [12,39], our focus was not
whether urinary miRNA was found within exosomes but rather whether miRNA is
contained on exosome-associated or other proteins, as this could contribute to its stability.
Using trypsin digestion, we showed that degradation of proteins that have been previously
associated with miRNA did not alter miRNA stability.

Conclusion & future perspective
In this study we have shown that miRNA is relatively stable in the harsh urinary
environment. After storage for 5 days at varied temperatures and after ten freeze–thaw
cycles, despite modest degradation, there remained sufficient miRNA for quantitative
analysis. Furthermore, the rates of degradation were similar in two different nonhomologous
miRNAs, supporting the concept of miRNA multiplexing. Given the growing interest and
data concerning the utility of miRNA as potential biomarkers, these molecules are now
eminently suitable for closer examination as specific biomarkers of renal disease. Over the
next few years, it is likely that specific urinary miRNA biomarkers, used either singly or
multiplexed, will become a standard of clinical practice in kidney disease.
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Executive summary

• Relative cycle threshold values are proportional to urinary miRNA quantity.

• Human urinary miRNA remains relatively stable under various storage
conditions.

• Different miRNAs show similar relative degradation and amplification
efficiencies.

• Urinary miRNA is resistant to trypsin.

• Urinary miRNAs can be considered useful biomarkers for a variety of
nephrological and urological diseases.
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Figure 1. Higher levels of miRNA are found in the microcentrifuged urinary pellet
Two 1-ml aliquots of clean-catch urine from a normal subject were processed for RNA
isolation. One aliquot was subjected to maximum speed centrifugation (25,000 × g) in a
table-top microcentrifuge for 15 min at 4°C. The pellet and supernatant were separated and
total RNA was isolated. The second aliquot was processed immediately for total RNA
isolation without centrifugation. From these fractions, quantitation of miR-16 and miR-21
was performed as described in the ‘Materials & methods’ section. Error bars indicate
standard deviation (p < 0.05).
CT: Cycle threshold.
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Figure 2. Relative quantitation of urinary miRNA is reflected by cycle threshold values
Total RNA was isolated from one normal subject and was added to the RT reaction at: (A)
various concentrations via serial dilutions of RNA by adding nuclease-free water; or (B)
various volumes of the same RNA. Subsequently, miR-16 was quantitated from these
reactions as described in the ‘Materials & methods’ section. Error bars indicate standard
deviation. (C) Target (miR-16) and reference (U6) amplifications were performed, at the
cDNA dilutions indicated, from a single urine sample. The change in CT value between
miR-16 and U6 at each cDNA dilution (ΔCT) is shown.
CT: Cycle threshold; RT: Reverse transcription.
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Figure 3. Nonhomologous miRNAs degrade at similar rates
From the room temperature data (Supplementary Figure 2), the ratios of the cycle threshold
values of both miRNAs were calculated and data from a representative male and female
volunteer are shown here. The two miRNAs remained constant over time with the calculated
change in ratio of -0.0006 per day with a 95% CI of -0.005–0.003, implying that miRNAs
most likely degrade at a constant rate over time.

Mall et al. Page 14

Biomark Med. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mall et al. Page 15

Table 1

Relative quantitation of miRNA after freeze–thaw storage.

miRNA Estimated remaining after each freeze–thaw cycle, % (95%
CI)

Estimated remaining after ten freeze–thaw cycles, % (95%
CI)

miR-16 86 (82–91) 23 (14–39)

miR-21 90 (86–95) 37 (23–59)
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Table 2

Relative quantitation of miRNA after room temperature and 4°C storage.

Condition miRNA Estimated remaining after each day, % (95% CI) Estimated decrease over 5 days, % (95% CI)

Room temperature miR-16 81 (77–86) 35 (26–46)

miR-21 81 (75–87) 35 (24–50)

4°C miR-16 84 (79–90) 42 (31–58)

miR-21 89 (83–95) 56 (39–79)
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Table 3

Comparison of concentrations of miR-16 and miR-21 by treatment of urine with trypsin.

miRNA Ratio (95% CI) p-value

miR-16: exosome versus exosome with trypsin 1.19 (0.31–4.54) 0.988

miR-21: exosome versus exosome with trypsin 1.12 (0.24–5.20) 0.998
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