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Abstract

Chronic kidney disease (CKD) is a severe disorder with an increasing incidence worldwide.

An early detection may help to prevent its progression and to minimize the risk of cardiovas-

cular diseases as one of the major comorbidities. Recently, extracellular miRNAs like uri-

nary exosomal miRNAs became of great interest as non-invasive biomarkers which can be

determined by RT-qPCR. But until now, there is no consensus regarding the normalization

of miRNAs isolated from body fluids. The present study analyzed the miRNAs miR-16, miR-

92a, miR-21, miR-124a and the small nuclear RNA RNU6B for their applicability as an

endogenous reference gene in expression studies of exosomal miRNAs isolated from CKD

patients. For this purpose, miRNA expression levels were determined by RT-qPCR after the

isolation of urinary exosomes from 33 CKD patients and from 5 healthy controls. Expression

data was analyzed with the normalization determination software NormFinder, BestKeeper,

GeNorm and DeltaCt. Our results revealed an abundant expression of the four candidate

miRNAs in urinary exosomes and no detectable expression of RNU6B. We identified miR-

16 as the most stable endogenous reference gene in our data set, making it a suitable

endogenous reference gene for miRNA studies of urinary exosomes derived from CKD

patients.

Introduction

With 10% of the population affected in Europe [1], chronic kidney disease (CKD) represents a

major public health burden. Unfortunately, there is no causal therapy, terminally leading to

renal replacement therapy like hemodialysis or transplantation. Besides inflammatory and
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autoimmune diseases, CKD mostly arises from diabetes mellitus type II and or arterial hyper-

tension, with glomerulopathies representing the main pathophysiological correlate leading to

end-stage renal disease (ESRD) [2]. Effacement or loss of podocytes, a terminally postmitotic

cell type and essential part of the glomerular filtration barrier, have been identified as key play-

ers in the pathogenesis of glomerulopathies [3]. Since early detection could help to decelerate

the progress of CKD and could lower the risk for cardiovascular diseases as secondary diseases,

identification of suitable biomarkers plays an essential role in CKD research. As already dem-

onstrated, urinary expression of essential podocyte genes could have been shown to be a more

sensitive stress biomarker than standard clinical parameters [4]. miRNAs, small (22 nt) non-

coding RNAs regulating the gene expression by their binding to a target mRNA, have recently

been discovered as useful clinical markers. They are expressed intracellularly and in all body

fluids in a tissue- and developmental stage-specific manner [5]. It was recently shown that

miRNAs can be secreted in microvesicles as well as in exosomes [6]. As part of the RNA-

induced-silencing-complex (RISC), miRNAs block the translation or induce the degradation

of the specific target mRNA [7–9].

Urine plays a prominent role as a non-invasive source of exosomal miRNAs that have pre-

viously been identified as biomarkers for several diseases. Currently, little is known about exo-

somes derived from injured podocytes. Lv and coworkers have identified miR-29c as being

significantly down-regulated in CKD patients compared to healthy people. Furthermore, miR-

29c expression correlated with estimated glomerular filtration rate (eGFR) and the degree of

fibrosis [10]. Moreover, the expression of miR-145 and miR-130 was significantly up-regulated

in microalbuminuric patients, whereas the expression of miR-155 and miR-424 was down-reg-

ulated. These results were confirmed in animal experiments [11].

To guarantee a high specificity and reproducibility, independently of the applied RT-qPCR

(SYBR or Taqman™ probes), a reliable normalization strategy is essential [12]. Currently, the

most common method to standardize the assay is to use an endogenous control for relative

expression analyses [13,14]. A suitable reference gene needs to be stably and abundantly

expressed, which is often not fulfilled.

In the present study, we investigated the suitability of the four different miRNAs miR-16,

miR-21, miR-92a and miR-124a as reference genes for the analysis of urinary exosomes miR-

NAs isolated from CKD patients.

Material and methods

Samples

The samples were obtained from urine of 33 CKD patients within the scope of the Greifswald

Approach to Individualized Medicine (GANI_MED) [15]. All individuals signed a written

informed consent to participate in the study. The study follows the ethical rules of the declara-

tion of Helsinki. Urine provided by five healthy employees of the Department of Anatomy and

Cell Biology of the University Medicine Greifswald.

Urine processing

Morning urine of the patients was processed within 4 hours after voiding, since no degradation

was observed within this time span in pre-trials. Approximately 50–100 ml urine were trans-

ferred to Falcon tubes and centrifuged for 3 min at 2000 x g to remove any cells or cell debris.

The supernatant was transferred to fresh Falcon tubes and stored at -80˚C. For further proces-

sion, samples were thawed overnight at 4˚C. Then the samples were centrifuged again at 2500

x g for 15 min to remove any residual cell debris. 10 ml of the supernatant were transferred to

15 ml tubes for exosome preparation.

miR-16 for normalization of urinary exosomal miRNA expression data in CKD
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Electron microscopy

For transmission electron microscopy (TEM), 10 mL of cell- and debris-free urine were treated

with ExoQuick-TC (System Biosciences, Mountain View, CA, USA) for exosome isolation

purposes according to the manufacturer‘s instructions with minor modifications. To 10 ml

urine, 3.3 mL ExoQuick-TC were added and stored overnight at 4˚C. Then, samples were cen-

trifuged at 10,000 x g for 60 min and the supernatant was discarded. The pellet was prepared

for TEM according to Théry and coworkers [16] with minor modifications in step 6: 1% uranyl

acetate was used to contrast the samples instead of uranyl-oxalate.

Exosome preparation and miRNA isolation

Exosome preparation was performed with the Urine Exosome Purification and RNA Isolation

Midi Kit (Norgen, Thorold, ON, Canada) according to manufacturer’s instructions with

minor modifications. The centrifugation steps were performed as described in the urine pro-

cessing part, to ensure cell- and debris-free urine. After elution of the exosome fraction, the

exosome solution was treated with 0.0125 U/μl of the RNase cocktail RiboShredder (Epicentre,

Madison, WI, USA) for 30 min at 37˚C, to eliminate cell-free non-exosomal RNA. After

RNase treatment, the exosome solution was stored on ice and Lysis Buffer A plus Lysis Addi-

tive B were added immediately. RNA was eluted in 75 μl Elution buffer. The miRNA concen-

trations were determined with the Qubit miRNA-Assay and the Qubit 2.0 (Thermo Fisher

Scientific, Waltham, MA, USA) according to manufacturer‘s instructions using 15 μl sample

volume.

Exosome characterization

Three different exosome fractions from two samples obtained with the Urine Exosome Purifi-

cation and RNA Isolation Midi Kit (Norgen, Canada) were taken for exosome characterization

by Western blot. The first fraction was obtained from 400 μl supernatant of the resuspended

and centrifuged Slurry Buffer pellet. The second fraction was the first filtrate containing the

cleaned up exosomes. The third fraction was the RiboShredder treated exosome suspension.

To each 400 μl fraction, 100 μl of ExoQuick-TC were added, mixed by inversion and incubated

at 4˚C for 4 h, to precipitate exosomes. Then the samples were centrifuged at 14,000 x g for 30

min and the supernatants were discarded. Exosomes from cell culture supernatants of human

podocytes (kindly provided by Dr. Pavenstädt, Münster, Germany) and HEK293 cells served

as positive controls for Western blot. Exosomes were isolated with ExoQuick-TC following the

manufacturer’s instructions. The pellets from urine samples and cell culture samples were

resuspended in Pierce IP Lysis Buffer (500 mM, Thermo Fisher Scientific) with 1 x Halt Pro-

teinase Inhibitor Cocktail (Thermo Fisher Scientific) and 1 x EDTA (0.1%, Thermo Fisher Sci-

entific). Then, the suspension was shaken for 20 min at 1,400 rpm at 4˚C in a Thermo Mixer

Comfort (Eppendorf, Hamburg, Germany). Afterwards, the samples were centrifuged for 20

min at 14,000 x g at 4˚C and the supernatants were transferred to a fresh tube and stored at

-20˚C.

Western blot analyses

The protein samples were measured with the Piece BCA Protein Assay Kit (Thermo Fisher Sci-

entific) according to the manufacturer’s instructions. Then, the samples were adjusted to

20 μg/lane (TSG101) and to 10 μg/lane (CD9 and CD63), mixed with 6 x sample buffer (0.35

M Tris pH 6.8, 0.35 M SDS, 30% v/v Glycerol, 0.175 mM bromophenol blue) and boiled at

95˚C for 5 min. The protein samples were separated on a 4–20% gradient Mini-Protean TGX
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Gel Stain-free (Bio-Rad, Hercules, CA, USA). The separated proteins were blotted on nitrocellu-

lose membranes using the Trans-Blot Turbo RTA Transfer Kit (Bio-Rad) and the Trans-Blot

Turbo Transfer System (Bio-Rad) at 2.5 A/25 V for 5 min. Membranes were washed in 1x TBS+T

wash buffer (50 mM Tris, 150 mM NaCl, 10 mM CaCl2, 1 mM MgCl2 supplemented with

Tween-20 0.1%; AppliChem) and blocked in wash buffer supplemented with 5% milk powder

(blocking solution) for 1 h at room temperature. Primary antibodies were diluted in blocking

solution and incubated with the membranes overnight. After washing 3 x 5 min with wash buffer,

the membranes were incubated with secondary antibodies for 45 min, washed again 4 x 5

min, developed with the ECL Prime Western Blotting Detection Reagent (Amersham) and

visualized on X-ray films (Amersham, Hyperfilm ECL) by using Carestream Kodak autoradi-

ography GBX developer/fixer solutions. For normalization and usage of alternative antibodies

on the same blot, blots were stripped. Antibodies were used at the following final concentra-

tions: anti-TSG101 (Sigma-Aldrich, 1:1000), anti-CD9 (Invitrogen, 1:2000) and anti-CD63

(Invitrogen; 1:8000).

Dynamic light scattering analysis

For dynamic light scattering analysis, 10 ml of three different cell- and debris-free, repre-

sentative urine samples were treated with ExoQuick-TC as already described. To 10 ml

urine, 3.3 ml ExoQuick-TC was added and stored overnight at 4˚C. Samples were centri-

fuged at 10,000 x g for 60 min and the supernatant was discarded. The pellets were resus-

pended in 1.5 ml ice cold PBS. Then samples were vacuum-degassed for 20 min at RT in a

ThermoVac (GE, Little Chalfont, UK). Afterwards 200 μl of each sample were transferred

to a 1 cm path lenght cuvette (Brandt, Wertheim, Germany). Each sample was measured 5

times with a Zetasizer Nano SZ (Malvern, Herrenberg, Germany) at 25˚C with a refraction

index of 1.36 and an absorption of 0.001 with standard diluent parameters as referred to

H2O. Each measurement consisted of 20 runs ā 10 sec. Data was analyzed with the Zetasizer

Software 7.11 and displayed as size/intensity plots.

Selection of the normalization candidates

Candidates were selected by evidential expression in urinary exosomes and/or evidential use

as normalizers in previous circulating miRNA studies. RNU6B was also chosen since it is

broadly used as normalizer for intracellular miRNA studies as well as for circulating miRNA

studies (Table 1).

Reverse transcription

cDNA was synthesized starting from 1 ng miRNA using Taqman™ miRNA Assays and the Taq-

man™ miRNA Reverse Transcription Kit (Thermo Fisher Scientific). The following Taqman™
miRNA Assays for candidate normalizers were used in this study: Hsa-miR-16-5p: ID #000391;

Hsa-miR-21-5p: ID #000397; Hsa-miR-92a-3p: ID #000431; Hsa-miR-124a-3p: ID #001182.

Table 1. Endogenous normalization candidates.

Candidate Type Accession# MiRBase / NCBI Evidence

hsa-miR-16-5p miRNA MIMAT0000069 [17,18]

hsa-miR-21-5p miRNA MIMAT0000076 [17,18]

hsa-miR-92a-3p miRNA MIMAT0000092 [17–19]

hsa-miR-124a-3p miRNA MIMAT0000422 [18]

RNU6B snRNA NR_002752

https://doi.org/10.1371/journal.pone.0183435.t001
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We also tested a broadly used Taqman™ miRNA Assay for miRNA normalization: RNU6B: ID

#001219. In case of less than 1 ng RNA, 5 μL of RNA solution were used. The setup for RT-reac-

tions was performed after the manufacturer‘s instructions. One ng placenta RNA was used as

positive control and inter-run-calibrator and was co-synthesized with every cDNA synthesis

run. Negative controls included no template and no reverse transcriptase controls.

RT-qPCR

The qPCR was performed with the Taqman™ miRNA Assays described above and the Taqman™
Universal Master Mix II, no UNG (Thermo Fisher Scientific) following the manufacturer’s

instructions. The reaction volumes contained 1.33 μl undiluted cDNA solution and 18.67 μl

Master Mix. The qPCR was performed on the Light Cycler1 Nano (Roche Applied Biosystem,

Mannheim, Germany) with the following cycler scheme: 10 min at 95˚C followed by 45 cycles

of 15 sec at 95˚C and 60 sec at 60˚C. All samples were run in triplicate and placenta cDNA was

used as inter-run-calibrator. Negative controls included the ones from cDNA synthesis and an

extra no template control for the qPCR reaction. Standard curves with standard cDNA samples

were used for efficiency determination of every single Taqman™ miRNA Assay. Ct-values were

calculated by the Light Cycler1 Nano SW 1.1 software (Roche Applied Biosystem) with auto-

matically set thresholds and baselines. Raw Ct-values�38 were excluded from analysis. All Ct-

values were normalized against starting RNA amount and were inter-run calibrator corrected.

Normalization analysis

Normalization analysis was performed using different online available normalization tools.

The first one is NormFinder v0.953 (http://moma.dk/NormFinder-software), which works

with an algorithm for linear data to determine the most stable normalization candidate gene

[20]. The tool calculates a stability value (SV) for every single candidate. The lower the stability

value, the more stable is the expression of the corresponding candidate gene. The data output

comes with the stability values for all candidates together with standard deviations (SD) and

announces the most stable candidate gene. Splitting data into study groups, results in addi-

tional intra- and intergroup variation and determination of the best endogenous normalizer

combination. The second tool used in this study is the online-based tool RefFinder [21]

(http://fulxie.0fees.us/). It comprises four different commonly used normalization tools,

namely BestKeeper [22], comparative DeltaCt [23,24], NormFinder [20] and GeNorm [25],

working with different algorithms to evaluate the most stably expressed gene or gene pair of a

specific sample set.

Statistical analyses

All statistical analyses were performed with IBM SPSS Statistics 22.0 (SPSS Inc., Chicago, IL,

USA). Data was tested for normality by Kolmogorov-Smirnov test. Differences between two

groups were tested with Mann-Whitney-U-test. The two-tailed tests with p-values� 0.05 were

considered statistically significant.

Results

Characterization of urinary exosomes

For characterization of exosomes in the urine supernatants, exosomes were isolated from 10 ml

urine of 3 CKD patients, using ExoQuick-TC and were prepared for electron microscopy. Fig 1A

shows the results obtained from TEM, revealing vesicles with a size of 20–80 nm and a cup-like

shape as typical characteristics of exosomes. Furthermore, a dynamic light scattering analysis
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revealed two main peaks for the sample displaying the sample shown in TEM (Fig 1C a). The big-

gest peak shows vesicles with a size ranging from approximately 45 nm to 300 nm with its maxi-

mum at approximately 130 nm. The second smaller peak has its maximum at 600 nm which is

caused by vesicle clumping. The analysis of three different representative urinary exosomal samples

showed a relatively homogeneous size distribution throughout the different samples with a similar

peak situation as described for the first sample alone (Fig 1C b). Additionally, we performed our

exosome preparation protocol as described above on urine samples from two individuals. To con-

firm that the vesicles obtained were in fact exosomes, protein extracts were analyzed by Western

blot for the presence of exosome markers TSG101, CD9 and CD63 (Fig 1B). The Western blot

showed specific signals for all three exosome markers in all three preparation fractions with decreas-

ing band intensity of CD63 and CD9 from Slurry Buffer pellet, over exosome filtrate to the RiboSh-

redder-treated fraction. Lysates of human podocytes and HEK293 exosomes served as positive

controls.

Patient characteristics

The patient characteristics are shown in Table 2. In total, 38 individuals were included in this

study with a mean age of 62 (±19) years. Eighteen participants were female. The study group

included four diabetic patients that were all in the CKD group. The CKD group had a mean

age of 66 (±16) years. Fifteen members of this group were female. The healthy control group

had a mean age of 40 (±15) years and included three females.

Expression of mature miR-16, miR-21, miR-92a and miR-124a

Normalized expression of all four candidates (miR-16, miR-21, miR-92a and miR-124a)

showed a relatively high homogeneity over all 38 samples (S1 Table), since the slopes of the

Fig 1. Characterization of urinary exosomes. Urinary extracellular vesicles were isolated with ExoQuick-

TC and prepared for TEM. Vesicles showed an exosome-like shape and size. Scale bar = 100 nm (A).

Exosomes of two samples from Norgen urine exosome preparation kit were precipited with ExoQuick-TC and

analyzed by Western blot for exosomal markers TSG101, CD9 and CD63. Protein extracts display the

presence of exosomal marker proteins over the whole preparation procedure with a slight decrease of band

intensities. S = slurry pellet, F = filtrated exosome suspension and R = filtrated exosome suspension after

RiboShredder treatment (B). Zetasizer analysis of urinary exosome samples (C). The results of the 5

measurements of the urine sample displayed in TEM (A) are shown (C, a). Beside this the results of the 5

measurements per sample of three urinary exosome samples are shown (C, b). The figures show vesicles

with typical exosomal size and some bigger structures that might be due to clumping artefacts.

https://doi.org/10.1371/journal.pone.0183435.g001
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trend lines were zero or, in the case of miR-21, close to zero (Fig 2A). These results also showed

an abundant expression of the four mature miRNAs in urinary exosomes with median nor-

malized Ct-values of 17.6, 17.1, 15.3 and 15.1 for miR-16, miR-21, miR-92a and miR-124a,

respectively. For RNU6B we could not detect any expression, indicated by raw Ct-values� 38

(data not shown).

Stability analysis

NormFinder. For stability analysis the whole data set of input RNA and inter-run calibra-

tor-normalized Ct-values was analyzed with the NormFinder software ignoring classification.

As shown in Fig 2B, miR-92a showed the highest stability (SV = 0.38±0.14) followed by miR-

16 (SV = 0.51±0.13), miR-21 (SV = 1.07±0.14) and miR-124a (SV = 1.13±0.15). From these

results the NormFinder software identified miR-92a as the best normalizer. In a second analy-

sis, data was split into groups comprised of CKD patients and healthy individuals. The results

showed that miR-16 appears to be the most stable candidate (SV = 0.18) followed by miR-92a

(SV = 0.27), miR-21 (SV = 0.35) and miR-124a (SV = 0.66) (Fig 2B). The best combination of

two genes was the combination of miR-16 and miR-92a with a SV of 0.25.

RefFinder. Additionally, the data set was analyzed with the online tool RefFinder. This

tool combines the normalization determination algorithms GeNorm, BestKeeper, DeltaCt and

Table 2. Patient characteristics. Patient characteristics are displayed as total patients, CKD-patients and the normal group with parameters: mean age in

years, SD = Standard deviations; sex in amount patients, percentage and diabetes in amount patients, percentage.

Characteristics Total CKD patients Healthy controls

Age; mean (SD) 62 (±19) 66 (±16) 40 (±15)

Sex; n female/male (%) 18 (47.4)/20 (52.6) 15 (45.5)/18 (54.5) 3 (60.0)/2 (40.0)

Diabetes; n (%) 4 (10.5) 4 (12.1) 0 (0.0)

Patient characteristics are displayed as total patients, CKD-patients and the normal group with parameters: mean age in years, SD = Standard deviations;

sex in amount patients, percentage and diabetes in amount patients, percentage

https://doi.org/10.1371/journal.pone.0183435.t002

Fig 2. Expression distribution and stability of normalization candidate mature miRNAs. All four

candidate miRNAs are abundantly expressed in urinary exosomes of CKD patients and the normal group.

Exosomal RNA was isolated with the Norgen urinary exosome preparation and RNA isolation kit. Expression

data was generated by qRT-PCR using Taqman®miRNA Assays. The raw Ct-values were normalized

against RNA input and an inter-run calibrator (A). MiR-92a is the most stable candidate normalizer within the

data set, as revealed by NormFinder software. The best combination is miR-92a/16 with miR-16 as the most

stable one, when input data is split into CKD patients and normal group. Error bars = SD (B).

https://doi.org/10.1371/journal.pone.0183435.g002
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NormFinder. Stability analysis with BestKeeper identified miR-92a as the most stable normali-

zation candidate in the presented data set. miR-92a was followed by miR-124a as the second

stable candidate, which in turn was followed by miR-21 and miR-16 (Fig 3). Looking at signifi-

cant correlations of the potential normalizers with the BestKeeper index, the only candidate

that showed a non-significant correlation was miR-124a (data not shown). The comparative

DeltaCt method showed the same results as the NormFinder software or the GeNorm analysis

that stated miR-16/92a as the most stable gene-pair (Fig 3). The NormFinder results obtained

from the software were also confirmed by the online version included in RefFinder (Fig 3).

Expression differences between CKD patients and healthy controls

Since it is essential for an endogenous reference gene to be stably expressed in both, diseased

and healthy states, we analyzed our data set for differences in mean Ct-values between both

groups. Fig 4 shows no significant differences between healthy controls and CKD patients in

the mean expression of miR-16, miR-124a and miR-21. The only significant difference

between these two groups was observed with respect to the expression of miR-92a (Fig 4).

Discussion

In this study we analyzed miR-16, miR-21, mir-92a and miR-124a as potential reference

miRNA genes in urinary exosomes of 33 CKD patients and five healthy controls. Since ultra-

centrifugation is not very applicable when it comes to high sample throughput due to its low

availability and the high time consumption, we used a low-speed centrifugation kit approach

which is established for the isolation of exosomes. Furthermore, it has been shown that low-

speed centrifugation approaches are superior over ultracentrifugation in terms of total exo-

some isolation and especially in RNA recovery [26,27]. The presence and characterization of

exosomes were confirmed by TEM and Western blot. Transmission electron micrographs

Fig 3. Stability of normalization candidate mature miRNAs determined with different algorithms.

Stability values were calculated by the online available tools BestKeeper, DeltaCt, Genorm and NormFinder.

The lower the stability value, the higher the stability. Each tool reveals miR-92a as the most stable one or the

combination of miR-92a/miR-16. miR-92a = yellow, miR-16 = blue, miR-21 = purple and miR-124a = green.

https://doi.org/10.1371/journal.pone.0183435.g003
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revealed extracellular vesicles with typical exosomal characteristics in shape and size [28]. The

relatively small vesicle size in urine samples has been described previously [29–31]. This might

be due to shrinking processes during TEM preparation procedure, as reported previously

[32,33]. Beside TEM we analyzed the size of the exosomes with dynamic light scattering. By

using this method we found that the isolated vesicles showed the size typical for exosomes [34]

beside some bigger structures that might be due to clumping, which we have also identified by

TEM. Since extracellular vesicle cargo is protected against RNase treatment [6,35–37], we

included an additional RNase treatment step in our isolation procedure, to eliminate contami-

nation with non-exosomal free-miRNAs. Furthermore, we were able to detect strong signals

for the typical exosome markers CD9, CD63 and TSG101 [34] throughout the whole prepara-

tion procedure, by Western blots. The TSG101 intensity varied between both samples. It is

known that the proportions of exosomal marker proteins can vary between different samples.

Royo and co-workers could also observe different TSG101 levels in different samples from

prostate adenoma patients with relatively equal CD63 protein levels, considering different exo-

somal protein loading as a possible reason [38]. The stability of the purified exosomes was also

confirmed by the consistent measurement of the described miRNAs.

To limit variations due to different urine concentrations, we used timed urine samples

[39,40]. Although three different normalization strategies for miRNA RT-qPCR experiments

are available, there is no consensus over universally applicable endogenous controls. One strat-

egy is the normalization by global mean miRNA expression [41]. However, this method

requires a remarkable amount of miRNAs per sample and is expensive and time consuming.

Another method normalizes the amount of miRNA against a spike-in control like a synthe-

sized miRNA from Caenorhabditis elegans such as ce-miR-37. This normalization may con-

sider the experimental influences on the samples, but it does not consider the endogenous

state of the overall miRNA expression [42–44]. The most utilized method is the endogenous

control method that determines the relative expression of the target gene using abundant and

stably expressed endogenous miRNAs [13,14,23]. One of the most frequently used endogenous

Fig 4. Expression differences of the normalization candidates between healthy controls and chronic

kidney disease (CKD) patients. Box-Whisker Plot of the RNA input- and inter-run calibrator-normalized

expression values determined by Taqman® qRT-PCR. The midline represents the median and the

box borders represent the inter-quantile range. Percentiles are displayed by whiskers.

https://doi.org/10.1371/journal.pone.0183435.g004
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reference genes for circulating and exosomal miRNA normalization is RNU6B. RNU6B is a

small noncoding RNA, but not a miRNA, which is exclusively expressed in nuclei and should

not be detectable in isolated exosomes or in fractions of circulating miRNA. Nevertheless, sev-

erals studies [10,45–47] recommend RNU6B as a reference gene for quantification of miRNA

in body fluids. In the present study, RNU6B was not detectable suggesting that our exosome

fraction was pure and did not show any cellular contamination. These results are in agreement

with those obtained by Solayman et al. and Sole et al. [17,46], who proposed to use RNU6B as

a quality indicator for cellular contaminations and cellular degradation processes. It was

reported that miR-92a or the combination of miR-92a with miR-16 are the most reliable candi-

dates for normalization, followed by miR-16 alone [17,48]. In agreement with these reports,

the stability analysis of our data with the NormFinder software identified miR-92a as the most

stable miRNA followed by miR-16. Using the BestKeeper software, we also found miRNA-92

as the most reliable candidate. The second candidate of the BestKeeper analysis was miR-124a,

directly followed by miRNA-16. However, the BestKeeper software did not consider the non-

significant correlation of miRNA-124a with the BestKeeper value. Therefore, our analysis

revealed that miR-92a and miR-16 are the most stably expressed normalization candidates,

which is in agreement with several miRNA expression studies [17,48]. The disadvantage of

miR-92a as a normalizer is that it cannot be used as an endogenous reference gene since we

found a significant difference in the expression of miR-92a in the control group compared to

the CKD group.

Since this is not the case for the second stable candidate of our data analyses, the miR-16,

which is already used as an endogenous reference gene in several cancer studies [49–52] and

also in studies with hypertensive patients [17], we conclude that miR-16 is the best normalizer

for miRNAs of urinary exosomes isolated from CKD patients within the tested candidates.

Supporting information

S1 Table. S1 Table shows the raw miRNA expression data normalized against RNA input

and the inter-run calibrator of CKD patients (numbers) and healthy control individuals

(N-number).

(PDF)
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