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Establishment of urinary exosome‑like 
vesicles isolation protocol for FHHNC patients 
and evaluation of different exosomal RNA 
extraction methods
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Abstract 

Background: Molecular and cellular pathophysiological events occurring in the majority of rare kidney diseases 
remain to be elucidated. Familial hypomagnesemia with hypercalciuria and nephrocalcinosis (FHHNC) is a rare 
autosomal recessive disorder caused by mutations in either CLDN16 or CLDN19 genes. This disease is characterized 
by massive urinary wasting of magnesium and calcium, osmosis deregulation and polyuria. Patients with p.G20D 
homozygous mutation in CLDN19 gene exhibit different progression to kidney failure suggesting that beyond the 
pathogenic mutation itself, other molecular events are favoring disease progression. Due to the fact that biopsy is not 
clinically indicated in these patients, urinary exosome‑like vesicles (uEVs) can be envisioned as a valuable non‑invasive 
source of information of events occurring in the kidney. Exosome research has increased notably to identify novel 
disease biomarkers but there is no consensus standardized protocols for uEVs isolation in patients with polyuria. For 
this reason, this work was aimed to evaluate and refine different uEVs isolation methods based on differential centrifu‑
gation, the gold standard method.

Results: Characterization by NTA, cryo‑TEM and immunoblotting techniques identified the most appropriate pro‑
tocol to obtain the highest yield and purest uEVs enriched fraction possible from urine control samples and FHHNC 
patients. Moreover, we tested five different RNA extraction methods and evaluated the miRNA expression pattern by 
qRT‑PCR.

Conclusions: In summary, we have standardized the conditions to proceed with the identification of differentially 
expressed miRNAs in uEVs of FHHNC patients, or other renal diseases characterized by polyuria.
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Background
Rare kidney diseases include at least 150 different inher-
ited disorders that can affect all the segments in the 
nephron impairing homoeostatic processes [1]. The high 
number of rare kidney diseases, their low prevalence and, 
in many cases, their highly phenotypic variability leads to 

a poor knowledge of the natural history and mechanisms 
underlying disease progression.

Familial hypomagnesemia with hypercalciuria and 
nephrocalcinosis (FHHNC) is a rare autosomal-reces-
sive disorder caused by mutations in either CLDN16 
or CLDN19 genes [2–4]. The loss-of-function of one of 
those genes leads to massive urinary wasting of mag-
nesium and calcium causing osmosis deregulation and 
polyuria. Although two-thirds of the affected patients 
in Spain are presenting a specific founder mutation 
(c.59G>A; p.G20D) in CLDN19 gene, there are important 
individual differences on the progression to end-stage 
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renal disease (ESRD) [5–10]. This suggests the existence 
of other non-identified molecular events that contribute 
to the physiopathology of the disease, promoting ESRD 
progression. Because kidney biopsy samples, which could 
allow the study of those intra-renal processes, are not 
clinically indicated in most patients with FHHNC, blood 
and urine are the only available samples for the discovery 
of surrogated markers that might indicate disease pro-
gression in those patients.

Exosomes are small (30–150  nm) membrane vesicles 
of endocytic origin contained into multivesicular bod-
ies and released constitutively through fusion with the 
plasma membrane [11–13]. Exosomes can act as cell-to-
cell communication mediators that trigger intracellular 
signaling pathways [14–18] and have been pointed out 
as a promising source of biomarkers, since their cargo 
(protein, DNA, mRNA and non-coding RNA) represents 
their cellular origin content [18–21]. The biogenesis and 
excretion of nanovesicles take place in every segment 
of the renal nephron [12], thereby, analysis of urinary 
vesicles should provide information about the patho-
physiological state of the entire renal tubule and might 
be considered a reliable non-invasive source of cellular 
events information [12, 22]. It is important to remark that 
due to the absence of exosome specific markers that lead 
to an uncertain origin of the isolated vesicles (released 
from multivesicular bodies or other intracellular com-
partments), urinary exosome-like vesicles (uEVs) are 
considered as the enriched fraction of nanovesicles hav-
ing similar size and morphology.

Diverse studies have shown that nanovesicles can be 
recovered from urine by ultracentrifugation, ultrafiltra-
tion or by other techniques [12, 23, 24]; however, these 
studies focused predominantly on patients with normal 
urine output. There is no information about the efficiency 
of those methods in isolating nanovesicles from patients 
with urinary ionic deregulation and massive urine wast-
ing. In diseases coursing with severe polyuria, such as 
FHHNC, urinary exosome-enrichment may be lower 
than in a control sample. Therefore, we decided that dif-
ferential centrifugation, which allows an unlimited urine 
volume input, might be the best method to obtain suf-
ficient exosome yields for subsequent analysis. So far, 
diverse differential centrifugation protocols for urinary 
exosome isolation have been described in the literature, 
including: (a) DTT treatment step to release entrapped 
exosomes from the polymeric Tamm–Horsfall protein 
(THP) networks, the most abundant protein in urine 
[25–30]; (b) large extracellular vesicles removal through 
a 0.22 µm filter to restrict the co-precipitation of larger 
extracellular vesicles presents in urine [26]; (c) exosome-
enriched fraction precipitation speed ranging 100,000–
200,000×g [26, 28, 29, 31].

To the best of our knowledge, there is no consensus 
protocol to isolate uEVs of patients with polyuria. There-
fore, in the present study we propose an optimized dif-
ferential centrifugation method for uEVs isolation that 
would be useful for further identification of markers 
linked to disease outcome in patients with FHHNC [32].

One of the most appealing features of isolating urinary 
exosomes is explained by their miRNA cargo. In particu-
lar, exosomal miRNAs have become an object of study 
in many biomedical areas to identify novel and highly 
promising biomarkers for kidney diseases [20, 33, 34]. In 
this work, we also evaluated five different RNA extraction 
methods and selected the one that provided with the best 
yield and purity for further differential miRNAs expres-
sion analysis.

Methods
In order to standardize a protocol for uEVs isolation in 
patients with polyuria we evaluated and refined dif-
ferent uEVs isolation methods based on differential 
centrifugation.

Urinary exosome‑like vesicles isolation
We performed different approaches (based on differential 
centrifugation) named P1-P7 (Fig. 1).

Approximately 500  mL of urine from seven healthy 
human donors (control samples), 4 females and 3 males, 
were collected in sterile recipients, pooled and main-
tained at 4  °C for 24  h. These conditions recapitulate 
those suffered by FHHNC patient’s samples collected 
at different hospitals of Spain. Protease inhibitor cock-
tail (PIC) (#S8820 Sigma-Aldrich, Darmstadt, DE) was 
added to the sample at 1 µL/mL and centrifuged 10 min 
at 2500×g to remove cell debris. Samples were centri-
fuged 15  min at 17,000×g to pull down cell fragments, 
apoptotic cells and larger vesicles. The supernatant (SN0) 
was kept on ice while the pellet obtained (P0) was treated 
with DTT (#A2948 AppliChem, Barcelona, ES) (200 mg/
mL) at 95 °C for 2 min or at 37 °C for 10 min and vortexed 
every 2 min. Both DTT treated pellets were centrifuged 
at 17,000×g for 20  min and supernatants (SNa-SNb) 
were ultracentrifuged (Sorvall WX90; AH629 rotor) at 
100,000×g for 2 h, obtaining P2 and P3 respectively.

SN0 was divided into five 100  mL aliquots that were 
processed by different procedures: (a) SN0 ultracentrifu-
gation at 100,000×g for 2 h (P1); (b) combination of SN0 
with SNb and ultracentrifugation at 100,000×g for 2  h 
(P4); (c) SN0 filtration through a 0.22 µm-pore followed 
by ultracentrifugation at 100,000×g for 2 h (P5); (d) SN0 
double ultracentrifugation for 2 h at 100,000×g (P6) and; 
(e) SN0 ultracentrifugation at 200,000×g for 1  h (P7), 
all them performed at 4  °C. All the uEVs isolated were 
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resuspended in 150  µL of cold and pre-filtered PBS 1× 
and saved at − 80 °C.

Urine samples from 20 FHHNC patients (8 women 
and 12 men) were collected at hospitals from different 
geographical places in Spain and individually processed 
at Hospital Universitari Vall d’Hebron, as previously 
described. Clinical and genetic data from these patients 
is included in the RENALTUBE Spanish Registry (www.
renal tube.com) [32].

Urinary exosome‑like vesicles characterization
uEVs obtained following the procedure described above 
were characterized by three methods: Nanoparti-
cle Tracking Analysis (NTA), Cryogenic Transmission 
Electron Microscopy (cryo-TEM) and immunoblotting 
techniques.

NTA
NTA was performed using NanoSight NS300 (Malvern 
Instruments). Videos were recorded and analyzed using 
NTA software v3.1 (NanoSight Ltd., UK). Background 
extraction was applied and the automatic setting for min-
imum track length, blur settings and minimum expected 
particle size were established. uEVs samples were diluted 
to optimal concentrations according to the manufactur-
er’s protocol. Each measure was carried out in triplicate 
of 60  s recordings at 25 frames per second, generating 
three replicate histograms that were averaged.

Cryo‑TEM
Ten microliters of uEVs diluted in PBS 1× were placed 
on Formvar-Carbon EM grids and frozen in ethane. 

Fig. 1 UEVs isolation workflow. Schematic representation of protocols tested to isolate uEVs. Supernatants obtained from different procedures (SN0 
to SN7) or treatments (SNa and SNb). uEVs pellets obtained from different procedures (P0–P7)

http://www.renaltube.com
http://www.renaltube.com
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Samples were analyzed on a Jeol JEM 2011 transmis-
sion electron microscope at an accelerating voltage of 
200 kV.

Immunoblotting
uEVs suspensions were treated with lysis buffer 1:1 (Tris–
HCl 50 mM pH 7.5, EDTA 1 mM pH 8, NaCl 150 mM, 
SDS 0.1%, NP-40 1%, sodium deoxycholate 0.5%, PIC, 
1:200, NaF 1 mM,  Na3VO4 1 mM). After 1 h shaking at 
4  °C, samples were sonicated at maximum amplitude 
for 5 cycles of 5  s and then centrifuged at 13,000×g for 
15  min at 4  °C. Supernatants were collected and stored 
at − 20 °C. An equal amount of total uEVs lysates (20 µL) 
were mixed with Laemmli sample buffer 1:1 (Tris–HCl 
pH 6.8 0.3 M, SDS 10%, glycerol 5%, β-mercaptoethanol 
2%, bromophenol blue 0.01%) and loaded onto 15% 
acrylamide gel and ran at 100–150  V for 1  h. Proteins 
were transferred to a PVDF 0.2  µm membrane (Immo-
bilon-PSQ) (#ISEQ00010 Millipore, Darmstadt, DE) 
at 100  V for 1  h. Membranes were blocked using 5% 
non-fat dry milk diluted in PBS-T (PBS 1×, Tween-20 
0.1%) and tested against specific primary antibodies: 
TSG101 (#Ab83 Abcam, Cambridge, UK) 1:500 and Alix 
(#Ab76608 Abcam, Cambridge, UK) 1:500. Secondary 
antibodies were rabbit anti-mouse polyclonal and goat 
anti-rabbit polyclonal, respectively (#P0260, #P0448 
Dako, California, EUA) 1:5000. All the antibodies were 
diluted in blocking solution.

Immunoblots were visualized using chemilumines-
cence reagent (#WBLUF0500 Millipore, Darmstadt, DE) 
and Odyssey Fc Imaging System (Li-Cor, Lincoln, NE).

RNA extraction and miRNA expression pattern
uEVs RNA extraction and quantification
For total RNA extraction, 5 different methods were 
tested: miRNeasy Mini kit (#217004 Qiagen), miRCURY 
RNA Isolation kit (#300110 Exiqon, Vedbaek, DK), All-
prep DNA/RNA/miRNA Universal kit (#80224 Qiagen), 
TRIzol LS (#10296010 Life Technologies) and TRIzol 
(#15596026 Life Technologies). Each RNA extraction was 
performed from 100 µL of FHHNC patient’s uEVs. Puri-
fied RNAs were eluted in RNAse-free water and stored at 
− 80 °C. RNA concentrations were measured by capillary 
electrophoresis (Agilent 2100 Bioanalyzer-Picochip).

miRNA profiling
Four nanograms of total RNAs were retrotranscribed 
according to Universal cDNA Synthesis Kit (#203301 
Exiqon, Vedbaek, DK) protocol. cDNAs were diluted at 
1:40 and combined with SYBR Green master mix fol-
lowing the miRCURY LNA Universal microRNA PCR 
(#203403 Exiqon, Vedbaek, DK) instructions. qPCR was 
performed in an ABI7500 Real-Time cycler (Applied 

Biosystems). Primers used were designed to detect: miR-
200c-3p, miR-103a-3p, miR-let7b-5p, miR-99a-5p and 
miR-10b-5p. Unisp6 was added as an exogenous control, 
since they have been found in uEVs [27].

Results
Optimization of urinary exosome‑like vesicles isolation 
protocol
Because of the lack of methodological consensus and the 
imperative need to standardize the uEVs isolation pro-
tocol, we tested several paths based on differential cen-
trifugation steps and sample treatments to determine 
the procedure that provides the purest and highest uEVs 
yield (Fig.  1). Morphology, size and quantity of isolated 
uEVs from a control urine sample pool were evaluated by 
cryo-TEM and NTA.

We first aimed to observe which temperature and time 
of the DTT treatments tested improved the yield and 
purity of uEVs. As shown in Fig. 1, the former 17,000×g 
pellet (P0) was treated with DTT either at 95 °C for 2 min 
or at 37  °C for 10  min and centrifuged at 17,000×g for 
20  min. The uEVs-containing supernatants (SNa and 
SNb) were then ultracentrifuged at 100,000×g for 2  h, 
giving as a result pellets P2 and P3. Cryo-TEM images 
clearly demonstrated that P3 was superior on purity 
when compared with P2, indicating that DTT treatment 
for 10  min at 37  °C (P3) was more efficient depolymer-
izing the THP network than 2  min at 95  °C (P2) treat-
ment (Fig. 2a above). By using NTA we quantified more 
uEVs in P2 than in P3 (Fig. 2b) likely due to the presence 
of impurities (THP complexes) contained in P2. Western 
blot assays for Alix and TSG101 proteins gave negative 
results for P2 and P3, in accordance with the low yield of 
exosomes released from the THP network (Fig. 2e).

We next analyzed whether recovering THP network 
entrapped uEVs might improve the final uEVs yield. For 
this purpose, we mixed SN0 with SNb (Fig. 1) and pro-
ceed with the ultracentrifugation at 100,000×g for 2  h, 
obtaining P4. Cryo-TEM images showed that P4 contains 
highly purified uEVs (Fig.  2a below) that are in higher 
quantities than those observed in P1 and P3, separately, 
upon NTA quantification (Fig.  2b, c). To validate uEVs 
yield by another method and to verify the presence of 
exosome-enriched proteins in the sample, we performed 
immunoblots against two exosomal associated pro-
teins (Alix and TSG101), showing higher expression of 
these proteins in P4 than in P1 (Fig.  2e). In conclusion, 
we could say that mixing uEVs released from the DTT 
treated pellet with SN0 increases the number of uEVs 
without compromising its purity.

NTA profiles of uEVs obtained from the different iso-
lation procedures revealed that mode size falls within 
the expected size range. NTA quantification confirms 
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Fig. 2 uEVs characterization. a Representative cryo‑TEM images of all the uEVs pellets obtained from different isolation procedures. Scale bar 
is 100 nm except in P7 which is 200 nm. b NTA results of the uEVs recovered after DTT treatment. P2 showed higher peaks than P3 that might 
correspond to impurities observed by cryo‑TEM. c NTA profiles of the uEVs pellets obtained from the five different uEVs isolation protocols. In all 
cases, the mode size falls within the expected size range. Even though the highest peak is observed in P5, the associated cryo‑TEM image suggests 
that the peak might correspond to impurities. d Bar graph showing uEVs concentration by NTA. Because of P5 impurities, NTA quantification may 
not be accurate. P4 and P6 contained the highest amount of uEVs. Data is expressed as the mean ± SD. e Equal volumes of uEVs (20 µL) were 
loaded for immunoblotting against Alix and TSG101. The strongest signal was obtained in P4, followed by P6. Even though a strong band of Alix 
is observed in P5, this is slightly above the expected weight. f Immunoblotting of uEVs isolated from 300 mL of FHHNC urine, using procedure P4, 
showed a strong intensity of bands corresponding to Alix and TSG101, indicating uEVs presence and its absence in the supernatant
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that P5, obtained after one ultracentrifugation of filtered 
SN0 at 100,000×g for 2 h, exhibits the highest yield, fol-
lowed by P4 (described above), P6 (SN0 at 100,000×g for 
2  h twice), P1 (SN0 at 100,000×g for 2  h once) and P7 
(SN0 at 200,000×g for 1 h once) (Fig. 2c, d). These results 
are in accordance with the visual inspection of uEVs by 
cryo-TEM, except for P5 which seemed to drag some 
unknown material by the filtering process (Fig. 2a below). 
Western blot assays did also agree with previous NTA 
quantification (Fig.  2e). Supernatants SN1, SN3, SN5 
and SN7, resulting from uEVs precipitation steps, were 
included as controls to demonstrate that no exosome 
particles remain in those supernatants.

Overall, data obtained in this study indicate that: (i) the 
protocol used in P5 produces the best yield but the cryo-
TEM images show impurities in the sample that makes it 
unacceptable for further differential expression analyses 
of miRNAs; (ii) the protocol used in P7 is not producing 
enough exosomes for our purposes; (iii) the procedure 
used in P4 is the one that shows the best yield and purity 
followed by the one used in P6. In conclusion, ultracen-
trifugation at 100,000×g for 2 h of mixed SN0 and SNb 
was selected as the preferred protocol for uEVs isolation 
and was the one validated and used in patient’s urine 
samples.

In order to validate the proposed methodology in 
FHHNC patients, whose urine is estimated to be diluted 
at least three times in relation to control urine, we per-
formed the P4 procedure in 300 mL of patients’ urine and 
observed that the selected protocol is suitable for suc-
cessful uEVs isolation from diluted urines (Fig. 2f ).

Evaluation of different RNA extraction methods and miRNA 
expression pattern
A systematic comparison of five different commercial 
RNA extraction methods (mentioned above) was per-
formed with uEVs isolated from a FHHNC patient. Total 
RNA, including miRNAs, were extracted from 100 µL of 
uEVs in each procedure, being miRCURY and TRIzol LS 
the most efficient methods, according to the Agilent 2100 
Bioanalyzer-Picochip quantification analyses (Fig.  3a). 
The miRCURY-RNA profile obtained with Bioanalyzer-
Picochip is shown in Fig.  3b. To evaluate if the RNA 
extraction method could affect the miRNA profile of the 
samples, we analyzed five different miRNAs by qRT-PCR 
(miR-103a-3p, miR-200c-3p, miR-let7b, miR-10b-5p and 
miR-99a-5p). Unisp6 was added as an exogenous control. 
Results obtained in Fig.  3c demonstrated that miRNA 
pattern is similar in all samples, and therefore that the 
RNA extraction method does not have any significant 
effect on miRNA profiling. Unisp6 levels were exactly the 
same for each procedure, validating the assay.

Discussion
Urine sample analysis is irreplaceable as a non-invasive 
method for disease diagnosis and follow-up, particularly 
for kidney diseases. However, non-degraded protein and 
RNA may be only found in uEVs. Unlike tissue biopsy, 
an invasive and expensive procedure that allows only a 
partial sampling of an organ, uEVs provide a full repre-
sentation of the entire urinary system and their study is 
attractive in the field of biomarker discovery in kidney 
diseases. RNA and proteins confined into uEVs can be 
used as a reliable and non-invasive source of information 
of renal cellular and molecular related-events.

There are a growing number of commercial kits for 
uEVs isolation but the results often differ from those 
obtained using traditional isolation techniques. In 

Fig. 3 RNA quantification. a Bar graph of total RNA quantified 
from FHHNC uEVs by Bioanalyzer—Picochip using the five different 
extraction methods. MirCURY kit followed by TRIzol LS were the 
most efficient methods. b A representative electropherogram shows 
that uEVs contain small RNA, including microRNAs (10–40 nt). As 
expected, small amounts of rRNA were detected. c miRNA profiling 
by RT‑qPCR of RNA extracted from FHHNC uEVs. miRNA expression 
pattern is consistent independently of the RNA extraction method
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diseases such as FHHNC, coursing with polyuria, the 
starting quantity of urine required to obtain a good yield 
of uEVs might be higher than in healthy individuals and 
the currently available exosome isolation kits are not 
suitable for our purposes. Therefore, for the aim of this 
pilot study, which is in its discovery phase, we propose 
the use of ultracentrifugation techniques, which are the 
gold standard method for uEVs isolation and allow an 
unlimited urine volume input to obtain enough uEVs in 
highly diluted urine samples.

Diverse protocols based on differential centrifugation 
have been described in several reports [27, 28, 35–39]. 
However, there is no a consensus protocol that would 
provide information on the amount of starting urine 
volume, nor a detailed and thorough procedure that 
could give reliable information on uEVs yield and purity. 
Because we want to use these uEVs for further compara-
tive miRNA profiling of patients suffering from FHHNC, 
the aim of this study was to standardize a differential 
centrifugation protocol for uEVs isolation from diluted 
samples. We validated every step of the ultracentrifuga-
tion process by cryo-TEM, NTA and immunoblotting 
assays, to finally establish a protocol that would be suita-
ble for the accomplishment of our goals and also to select 
the best RNA extraction method for further miRNA 
profiling.

The first issue that we faced was sample handling 
standardization and storage. In rare diseases, such as 
FHNNC, the number of patients is very low and they are 
distributed in different places of the geography which 
requires sample transportation before uEVs isolation. 
Urine, which is a complex fluid, should not be frozen 
before removing cells and cellular debris that can be lysed 
releasing their content in an undesired manner. For this 
reason, and although previous studies recommended 
freezing samples at − 80  °C to loss the minimum uri-
nary exosome-associated proteins after urine collection 
[40], we maintained control sample at 4  °C for 24  h, in 
order to mimic the time-lag and temperature of trans-
portation, and proceed to uEVs isolation afterward. Our 
results indicated that this storage procedure maintained 
uEVs structure in perfect conditions for further analysis, 
as demonstrated by cryo-TEM.

Regarding DTT treatment, there are different recom-
mendations in the literature in terms of time and tem-
perature [25–30]. Our results showed that incubation at 
37 °C for 10 min (P3) is the condition that produced the 
purest uEVs, as well as, an acceptable yield (Fig. 2a above 
and Fig. 2b).

Different speed and ultracentrifugation cycles of SN0 
showed that 100,000×g for 2  h (P1) is more efficient 
than 200,000×g for 1  h (P7). Moreover, uEVs yield was 
improved with the addition of uEVs released from THP 

networks (SNb) to SN0 (P4). Another step analyzed was 
the filtering of SN0 through a 0.22 µm filter [19, 41–43]. 
Unexpectedly, cryo-TEM analysis indicated that filtered 
uEVs contained many impurities (Fig.  2a below), likely 
released by the filter or from disrupted uEVs as a conse-
quence of pressure, producing an over-quantification by 
NTA (Fig. 2c, d). The efficiency of ultracentrifugation in 
uEVs isolation was confirmed by immunoblotting since 
neither Alix nor TSG101 were detected in supernatants 
(Fig.  2e). In accordance with our results, we selected 
P4 as the best protocol to process diluted urine from 
FHHNC patients which is, on average, three times more 
diluted than controls, adapting the protocol to 300 mL of 
starting urine instead of 100 mL. The presence of exoso-
mal-enriched markers (Fig. 2f ), indicated that the volume 
sample input was enough to obtain a sufficient yield of 
uEVs.

An accurate quantification of RNA extracted from 
uEVs, which mainly includes miRNA, represents an 
important bottleneck for comparative expression analy-
ses. Since there are no robust endogenous controls for 
data normalization of miRNA from uEVs, quantifica-
tion should be as accurate as possible. Our next concern 
was then to obtain and quantify, in a reliable manner, the 
RNA yield from the FHHNC uEVs. Five RNA extraction 
methods were compared in different aliquots of the same 
uEVs sample.

Quantification of the RNA obtained by each method 
was based on spectrophotometry (Nanodrop ND-1000), 
capillary electrophoresis (Bioanalyzer—Nanochip and 
Picochip) and fluorescence (Ribogreen) (data not shown). 
In our experience, the Bioanalyzer Picochip, with a detec-
tion range from 50 to 5000 pg/µL, was the most precise, 
consistent and robust method for RNA measurement. 
Therefore, it was used as the reference for other RNA 
quantification methods and selected for further uses. We 
observed that Nanodrop and Ribogreen over- and under-
estimated RNA quantifications, respectively, and Bioana-
lyzer Nanochip, with a detection range from 5 to 500 ng/
µL, provided non-consistent results. Subsequent qRT-
PCR, showing similar expression levels of each miRNA 
among all samples demonstrated the accuracy of the 
Bioanalyzer Picochip method. Albeit the similar miRNA 
expression pattern obtained from the five different RNA 
extraction methods (Fig.  3c), we selected miRCURY kit 
since exhibited the highest RNA yield.

This work has provided with a comprehensive pro-
tocol for reliable uEVs isolation, both from healthy 
individuals and polyuric patients suffering from kid-
ney disease. It covers the conditions for sample pre-
processing, uEVs isolation, characterization and 
quantification, as well as, the conditions for RNA isola-
tion and quantification. This protocol shall be useful for 
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differential high-throughput miRNA expression assays 
between healthy individuals and FHHNC patients that 
might eventually result in the identification of novel 
biomarkers of disease progression and/or therapeutic 
targets.

Conclusions
We established the best protocol for uEVs isolation 
in control samples based on ultracentrifugation at 
100,000×g for 2 h of mixed 17,000×g supernatant (SN0) 
and its pellet treated with DTT for 10 min at 37 °C (SNb). 
This selected protocol was also suitable to threefold 
diluted urine from patients coursing with polyuria such 
as FHHNC patients. Moreover we demonstrated that 
miRNA pattern is independent of the RNA extraction 
method being miRCURY kit and TRIzol LS, with which 
we obtained the highest RNA yield.

Authors’ contributions
MV, JA designed the research, acquired the data, interpreted results of experi‑
ments and wrote and revised the manuscript; AM conceived and designed 
the research, interpreted results of experiments and edited and revised the 
manuscript; GA managed sample collection and edited and revised manu‑
script; All authors read and approved the final manuscript.

Author details
1 Fisiopatologia Renal, Centre d’Investigacions en Bioquímica i Biologia 
Molecular (CIBBIM), Institut de Recerca Vall d’Hebron (VHIR), Barcelona, Spain. 
2 Nefrologia Pediàtrica, Hospital Universitari Vall d’Hebron (HUVH), Barcelona, 
Spain. 3 Departament de Bioquímica i Biologia Molecular, Unitat de Bioquímica 
de Medicina, Universitat Autònoma de Barcelona (UAB), Barcelona, Spain. 
4 Red de Investigación Renal (REDINREN), Instituto de Salud Carlos III‑FEDER, 
Madrid, Spain. 

Acknowledgements
This work would not have been possible without HIPOFAM contribution. We 
would like to thank the RENALTUBE group for providing samples of FHHNC 
patients and NanoSight service (UAB) for samples analyses. Also, we thank Dr. 
Irene Campoy for her helpful suggestions and for critical reading of the manu‑
script and Dr. Mireia Olivan, Dr. Cristina Solé and Dr. Laura García Bermejo for 
their technical advice.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
Not applicable.

Consent for publication
Not applicable.

Ethics approval and consent to participate
FHHNC patient’s urine from 20 patients, 8 woman and 12 men, were provided 
by the Renaltube Group and processed at Hospital Universitari Vall d’Hebron. 
All subjects have provided written informed consent before participation in 
the study, which has been approved by the Institutional Review Board of the 
Vall d’Hebron Hospital (PR(AMI)280/2015).

Funding
This work was supported by grant PI14/01107 from Instituto de Salud Carlos 
III, Spain. M. Vall is supported by HIPOFAM donation. J. Arévalo is supported by 
a CONACyT Ph.D. fellowship (No. 549678).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Received: 2 August 2018   Accepted: 1 October 2018

References
 1. Devuyst O, Knoers NVAM, Remuzzi G, Schaefer F. Rare inherited 

kidney diseases: challenges, opportunities and perspectives. Lancet. 
2014;383:1844–59.

 2. Konrad M, Schaller A, Seelow D, Pandey AV, Waldegger S, Lesslauer A, 
et al. Mutations in the tight‑junction gene claudin 19 (CLDN19) are 
associated with renal magnesium wasting, renal failure, and severe ocular 
involvement. Am J Hum Genet. 2006;79:949–57.

 3. Simon DB, Lu Y, Choate KA, Velazquez H, Al‑Sabban E, Praga M, et al. 
Paracellin‑1, a renal tight junction protein required for paracellular  Mg2+ 
resorption. Science. 1999;285:103–6.

 4. Weber S, Hoffmann K, Jeck N, Saar K, Boeswald M, Kuwertz‑Broeking E, 
et al. Familial hypomagnesaemia with hypercalciuria and nephrocalcino‑
sis maps to chromosome 3q27 and is associated with mutations in the 
PCLN‑1 gene. Eur J Hum Genet. 2000;8:414–22.

 5. Arteaga ME, Hunziker W, Teo ASM, Hillmer AM, Mutchinick OM. Familial 
hypomagnesemia with hypercalciuria and nephrocalcinosis: variable 
phenotypic expression in three affected sisters from Mexican ancestry. 
Ren Fail. 2015;37:180–3.

 6. Claverie‑Martín F, García‑Nieto V, Loris C, Ariceta G, Nadal I, Espinosa L, 
et al. Claudin‑19 mutations and clinical phenotype in spanish patients 
with familial hypomagnesemia with hypercalciuria and nephrocalcinosis. 
PLoS ONE. 2013;8:e53151.

 7. García‑Nieto VM, Claverie‑Martín F, Loris‑Pablo C. Hipomagnesemia 
familiar con hipercalciuria y nefrocalcinosis. Su historia Nefrologia. 
2014;34:5–10.

 8. Godron A, Harambat J, Boccio V, Mensire A, May A, Rigothier C, et al. 
Familial hypomagnesemia with hypercalciuria and nephrocalcinosis: 
phenotype‑genotype correlation and outcome in 32 patients with 
CLDN16 or CLDN19 mutations. Clin J Am Soc Nephrol. 2012;7:801–9.

 9. Martin‑Nuñez E, Cordoba‑Lanus E, Gonzalez‑Acosta H, Oliet A, Izquierdo 
E, Claverie‑Martin F. Haplotype analysis of CLDN19 single nucleotide 
polymorphisms in Spanish patients with familial hypomagnesemia with 
hypercalciuria and nephrocalcinosis. World J Pediatr. 2014;11:272–5.

 10. Sikora P, Zaniew M, Haisch L, Pulcer B, Szczepanska M, Moczulska A, et al. 
Retrospective cohort study of familial hypomagnesaemia with hyper‑
calciuria and nephrocalcinosis due to CLDN16 mutations. Nephrol Dial 
Transplant. 2015;30:636–44.

 11. Pan BT, Teng K, Wu C, Adam M, Johnstone RM. Electron microscopic 
evidence for externalization of the transferrin receptor in vesicular form in 
sheep reticulocytes. J Cell Biol. 1985;101:942–8.

 12. Pisitkun T, Shen R‑F, Knepper MA. Identification and proteomic profiling 
of exosomes in human urine. Proc Natl Acad Sci. 2004;101:13368–73.

 13. Schageman J, Zeringer E, Li M, Barta T, Lea K, Gu J, et al. The complete 
exosome workflow solution: from isolation to characterization of RNA 
cargo. Biomed Res Int. 2013;2013:1–15.

 14. Denzer K, Kleijmeer MJ, Heijnen HF, Stoorvogel W, Geuze HJ. Exosome: 
from internal vesicle of the multivesicular body to intercellular signaling 
device. J Cell Sci. 2000;113:3365–74.

 15. Février B, Raposo G. Exosomes: endosomal‑derived vesicles shipping 
extracellular messages. Curr Opin Cell Biol. 2004;16:415–21.

 16. Nolte‑Hoen EN, Buschow SI, Anderton SM, Stoorvogel W, Wauben MHM. 
Activated T cells recruit exosomes secreted by dendritic cells via LFA‑1 
brief report activated T cells recruit exosomes secreted by dendritic cells 
via LFA‑1. Blood. 2009;113:1977–81.

 17. Smalheiser NR. Exosomal transfer of proteins and RNAs at synapses in the 
nervous system. Biol Direct. 2007;2:35.

 18. Valadi H, Ekström K, Bossios A, Sjöstrand M, Lee JJ, Lötvall JO. Exosome‑
mediated transfer of mRNAs and microRNAs is a novel mechanism of 
genetic exchange between cells. Nat Cell Biol. 2007;9:654–9.



Page 9 of 9Vall‑Palomar et al. J Transl Med  (2018) 16:278 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

 19. Guescini M, Genedani S, Stocchi V, Agnati LF. Astrocytes and glioblastoma 
cells release exosomes carrying mtDNA. J Neural Transm. 2010;117:1–4.

 20. Miranda KC, Bond DT, McKee M, Skog J, Păunescu TG, Da Silva N, et al. 
Nucleic acids within urinary exosomes/microvesicles are potential bio‑
markers for renal disease. Kidney Int. 2010;78:191–9.

 21. Skog J, Wurdinger T, Van Rijn S, Meijer D, Gainche L, Sena‑esteves 
M, et al. Glioblastoma microvesicles transport RNA and protein that 
promote tumor growth and provide diagnostic biomarkers. Nat Cell Biol. 
2008;10:1470–6.

 22. Gonzales P, Pisitkun T, Knepper MA. Urinary exosomes: is there a future? 
Nephrol Dial Transplant. 2008;23:1799–801.

 23. Cheruvanky A, Zhou H, Pisitkun T, Kopp JB, Knepper MA, Yuen PST, et al. 
Rapid isolation of urinary exosomal biomarkers using a nanomembrane 
ultrafiltration concentrator. AJP Ren Physiol. 2007;292:F1657–61.

 24. Thongboonkerd V, McLeish KR, Arthur JM, Klein JB. Proteomic analysis 
of normal human urinary proteins isolated by acetone precipitation or 
ultracentrifugation. Kidney Int. 2002;62:1461–9.

 25. Alvarez ML. Isolation of urinary exosomes for RNA biomarker discovery 
using a simple, fast, and highly scalable method. Methods Mol Biol. 
2014;1182:145–70.

 26. Alvarez ML, Khosroheidari M, Ravi RK, DiStefano JK. Comparison of 
protein, microRNA, and mRNA yields using different methods of urinary 
exosome isolation for the discovery of kidney disease biomarkers. Kidney 
Int. 2012;82:1024–32.

 27. Cheng L, Sun X, Scicluna BJ, Coleman BM, Hill AF. Characterization and 
deep sequencing analysis of exosomal and non‑exosomal miRNA in 
human urine. Kidney Int. 2014;86:433–44.

 28. Fernández‑Llama P, Khositseth S, Gonzales PA, Star RA, Pisitkun T, Knepper 
MA. Tamm–Horsfall protein and urinary exosome isolation. Kidney Int. 
2010;77:736–42.

 29. Gonzales PA, Pisitkun T, Hoffert JD, Tchapyjnikov D, Star RA, Kleta R, et al. 
Large‑scale proteomics and phosphoproteomics of urinary exosomes. J 
Am Soc Nephrol. 2009;20:363–79.

 30. Zubiri I, Posada‑Ayala M, Sanz‑Maroto A, Calvo E, Martin‑Lorenzo M, 
Gonzalez‑Calero L, et al. Diabetic nephropaty induces chanves in the pro‑
teome of human urinary exosomes as revealed by label‑free comparative 
analysis. J Proteomics. 2014;96:90–102.

 31. Khurana R, Ranches G, Schafferer S, Lukasser M, Rudnicki M, Mayer G, et al. 
Identification of urinary exosomal noncoding RNAs as novel biomarkers 
in chronic kidney disease. RNA. 2017;23:142–52.

 32. Mejía N, Santos F, Claverie‑Martín F, García‑Nieto V, Ariceta G, Castaño L. 
RenalTube: a network tool for clinical and genetic diagnosis of primary 
tubulopathies. Eur J Pediatr. 2013;172:775–80.

 33. Lv L‑L, Cao Y‑H, Ni H‑F, Xu M, Liu D, Liu H, et al. MicroRNA‑29c in urinary 
exosome/microvesicle as a biomarker of renal fibrosis. Am J Physiol‑Ren 
Physiol. 2013;305:F1220–7.

 34. Sole C, Cortes‑Hernandez J, Felip ML, Vidal M, Ordi‑Ros J. MIR‑29c in 
urinary exosomes as predictor of early renal fibrosis in lupus nephritis. 
Nephrol Dial Transplant. 2015;30:1488–96.

 35. Gonzales PA, Zhou H, Pisitkun T, Wang NS, Star RA, Knepper MA, et al. 
Isolation and purification of exosomes in urine. Methods Mol Biol. 
2010;641:89–99.

 36. Miranda KC, Bond DT, Levin JZ, Adiconis X, Sivachenko A, Russ C, et al. 
Massively parallel sequencing of human urinary exosome/microvesi‑
cle RNA reveals a predominance of non‑coding RNA. PLoS ONE. 
2014;9:e96094.

 37. Royo F, Zuñiga‑Garcia P, Sanchez‑Mosquera P, Egia A, Perez A, Loizaga A, 
et al. Different EV enrichment methods suitable for clinical settings yield 
different subpopulations of urinary extracellular vesicles from human 
samples. J Extracell Vesicles. 2016;5:1–11.

 38. Sáenz‑Cuesta M, Arbelaiz A, Oregi A, Irizar H, Osorio‑Querejeta I, Muñoz‑
Culla M, et al. Methods for extracellular vesicles isolation in a hospital 
setting. Front Immunol. 2015;6:1–12.

 39. Zeringer E, Li M, Barta T, Schageman J, Pedersen KW, Neurauter A, et al. 
Methods for the extraction and RNA profiling of exosomes. World J Meth‑
odol. 2013;3:11–8.

 40. Zhou H, Yuen PST, Pisitkun T, Gonzales PA, Yasuda H, Dear JW, et al. 
Collection, storage, preservation, and normalization of human urinary 
exosomes for biomarker discovery. Kidney Int. 2006;69:1471–6.

 41. Sokolova V, Ludwig A‑K, Hornung S, Rotan O, Horn PA, Epple M, et al. 
Characterisation of exosomes derived from human cells by nanoparticle 
tracking analysis and scanning electron microscopy. Colloids Surf B 
Biointerfaces. 2011;87:146–50.

 42. Masyuk AI, Huang BQ, Ward CJ, Gradilone SA, Banales JM, Masyuk TV, et al. 
Biliary exosomes influence cholangiocyte regulatory mechanisms and 
proliferation through interaction with primary cilia. Am J Physiol Gastroin‑
test Liver Physiol. 2010;299:G990–9.

 43. Lässer C, Eldh M, Lötvall J. Isolation and characterization of RNA‑contain‑
ing exosomes. J Vis Exp. 2012;59:1–6.


	Establishment of urinary exosome-like vesicles isolation protocol for FHHNC patients and evaluation of different exosomal RNA extraction methods
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Urinary exosome-like vesicles isolation
	Urinary exosome-like vesicles characterization
	NTA
	Cryo-TEM
	Immunoblotting

	RNA extraction and miRNA expression pattern
	uEVs RNA extraction and quantification
	miRNA profiling


	Results
	Optimization of urinary exosome-like vesicles isolation protocol
	Evaluation of different RNA extraction methods and miRNA expression pattern

	Discussion
	Conclusions
	Authors’ contributions
	References




