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Abstract

Circulating exosomal microRNAs (miRNAs) are valuable biomarker candidates; however, information on the characterization
and mutual agreement of commercial kits for circulating exosomal miRNA profiling is scarce. Here, we analyzed the advantages
and weaknesses of four commonly used commercial kits for exosomal miRNA profiling and their application to the sample of
serum and/or plasma, respectively. NanoSight and Western blotting were conducted to evaluate the efficiency and purity of the
isolated exosomes. In our conditions, the size distribution of the isolated particles was appropriate (40—150 nm), and ExoQuick™
Exosome Precipitation Solution (EXQ) generated a relatively high yield of exosomes. Nevertheless, albumin impurity was
ubiquitous for all the four kits, and Total Exosome Isolation for serum or plasma (TEI) yielded a relatively pure isolation. We
further performed Illumina sequencing combined with RT-qPCR to determine the ability of these kits for miRNA profiling. There
was significant correlation of the exosomal miRNA profile and specific miRNAs between kits, but with differences depending on
methods. exoRNeasy Serum/Plasma Midi Kit (EXR) and EXQ performed better in the specific exosomal miRNAs recovery.
Intraassay CVs for specific miRNA measurement were 0.88-3.82, 1.19-3.77, 0-2.70, and 1.23-9.11% for EXR, TEI, EXQ, and
RIBO™ Exosome Isolation Reagent (REI), respectively. In each kit, serum yielded a higher abundance of exosomes and
exosomal miRNAs than plasma, yet with more albumin impurity. In conclusion, our data provide some valuable guidance for
the methodology of disease biomarker identification of circulation exosomal miRNAs.
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exosomes and microvesicles (MVs). Exosomes are nano-
sized (30-150 nm) membrane-bound vesicles actively re-
leased in the extracellular medium from a variety of cells
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Exosomes and M Vs carry a wide variety of functional proteins
and nucleic acids (particularly mRNAs and miRNAs) that
circulate in various biofluids (e.g., blood, urine) and are sub-
sequently transferred to neighboring or distant cells and tis-
sues [5]. Exosomes and MVs play key roles in cell-cell com-
munication and impact multiple dimensions of recipient cel-
lular life by shuttling bioactive molecules [2, 6, 7]. Moreover,
exosomes in bodily fluids are a highly stable resource of dis-
ease biomarkers [8]. Recently, exosome-encapsulated
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miRNAs (exosomal miRNAs) in circulation have been pro-
posed as excellent novel biomarker candidates for disease
monitoring and prognosis in the surveillance/monitoring of a
variety of diseases [9-12]. However, amid growing interest in
this research area, there is a fundamental issue that is not
satisfactorily addressed, i.e., the technical standardization of
exosome isolation [13].

Exosome isolation is a vital step for the accurate detection
of exosomal miRNAs [13]. Many methodologies have been
used to isolate exosomes, including ultracentrifugation (UC),
size exclusion chromatography (SEC), ultrafiltration, immu-
noaffinity isolation, microfluidics techniques, and polymeric
precipitation methods [13—16]. Unfortunately, no standard
methods are available for exosome extraction. A few groups
have conducted comparative studies on different methodolo-
gies [13, 17-20]. UC is regarded as the most commonly used
method to isolate exosomes from plasma/serum; however, UC
is technically more demanding, labor-intensive and time-
consuming isolation method for exosomes. In addition, some
concerns on the efficiency and purity of UC-based methods
have been raised [13, 15]. SEC exosome isolation from plas-
ma can be performed without significant impurities; however,
the efficiency of SEC exosome isolation is still debated [14,
21, 22]. Additionally, SEC generates a low vesicle yield com-
pared with UC [13]. Compared to UC, ultrafiltration and poly-
meric precipitation techniques are much faster and easier, but
these methods also have limitations [17, 23, 24]. With increas-
ing interest in the pathological and physiological roles of
exosomal miRNAs, commercial kits promising “easy and
quick isolation procedures” have been rapidly developed
and are available for use. The commercial kits are robust, are
fast, use little sample, and hence serve as ideal choices for the
identification of exosomal miRNA disease biomarkers.
Higher miRNA yield in serum exosomes was detected by
some commercial kits compared with UC [18, 25, 26].
However, the majority of these kits isolate or precipitate
exosomes and inevitably suffer from the co-isolation of other
EVs and protein complexes. To determine the most suitable
exosome extraction protocols for circulating exosomal
miRNA analysis, it is necessary to evaluate the commercial
kits for exosome extraction used in clinical settings. However,
so far, comparative analyses on the quantitative and qualita-
tive performances of these kits have rarely been reported.

Here, we performed an unbiased side-by-side rigorous
comparison of four widely used commercial exosome isola-
tion kits. The exosomes derived from these approaches were
first assessed for the quantity and quality of specific marker
proteins and then examined for the recovery of serum/plasma
exosomal miRNAs. In addition, we also compared the
exosomal miRNAs between serum and plasma using RNA
extracted from the isolated exosomes to increase the current
understanding of plasma/serum differences and how these
variations are affected by exosome isolation protocols.
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Materials and methods
Sample collection

In the present study, we obtained serum and paired plasma
samples from 65 random adult volunteers seeking routine
checkups at Jinling Hospital, Nanjing, China, according to
protocols approved by the ethics committee of Jinling
Hospital. All blood donors participating in the present study
provided written informed consent and simultaneously con-
tributed one serum sample and one paired plasma sample. Clot
Activator Tubes and sodium citrate-containing tubes (BD bio-
sciences, NY, USA) were used for serum and plasma sample
collection, respectively. All blood samples were centrifuged at
1500%g for 10 min at room temperature, and subsequently the
supernatants were centrifuged at 2000xg for 10 min at 4 °C to
remove debris. After centrifugation, the samples were divided
into aliquots and stored at — 80 °C until further analysis.

Exosome isolation from serum and plasma

To compare different exosome enrichment methods, three
widely used commercial exosome isolation kits, including
Total Exosome Isolation for serum or plasma (Invitrogen,
MA, USA) (TEI), ExoQuick™ Exosome Precipitation
Solution (System Biosciences, CA, USA) (EXQ), and
RIBO™ Exosome Isolation Reagent (RIBO, Guangzhou,
China) (REI), were examined. Serum and plasma samples
from 65 healthy donors were collected and analyzed indepen-
dently. Pre-study, serum and plasma samples were centrifuged
at 10, 000xg at 4 °C for 20 min to remove larger EVs. A
450-uL aliquot of the serum or corresponding plasma sample
from each donor was collected and vortexed. Subsequently,
each sample was divided into 3 aliquots of 150 uL each to
perform three exosome enrichment protocols according to
manufacturer’s instructions. Figure S1 illustrates the main
steps of each method (see the Electronic Supplementary
Material, ESM).

Nanoparticle tracking analysis (NanoSight™)

Concentration, size, and size distribution profile of the parti-
cles isolated from the serum or plasma by the three exosome
isolation kits described above was evaluated using a
NanoSight NS500 instrument (NanoSight Technology,
Malvern, UK) and the NTA 2.3 software. Videos were record-
ed at camera level 15 with the minimal expected particle size,
minimum track length, and blur setting, all set to automatic.
Each sample was diluted in pre-filtered PBS, and the concen-
tration was between 1 x 10° and 10 x 10° particles/mL. For
each sample, six videos of 30-60 s in duration were recorded
and analyzed in batch-processing mode.
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Protein extraction and Western blot analysis

For protein extraction from the exosomes obtained using the
TEI, EXQ, and REI methods, after the last centrifugation,
each sample was suspended in 20 uL of PBS, mixed with
20 puL of RIPA Lysis Buffer and then incubated for 30 min
on ice. The subsequent extraction and Western blot analyses
were performed as previously reported [27]. The primary
antibodies included anti-CD63 (Abcam, Cambridge, UK),
anti-TSG101 (Abcam, Cambridge, UK), and anti-albumin
(Santa Cruz Biotechnology, CA, USA). HRP-conjugated an-
ti-mouse and anti-rabbit antibodies were purchased from
Santa Cruz (Santa Cruz Biotechnology, CA, USA).

RNA extraction

For RNA extraction from the exosomes obtained using the
TEIL, EXQ, and REI methods, after the last centrifugation,
each sample was suspended in 100 pL. PBS and then mixed
with 1 mL of Trizol reagent (Invitrogen, MA, USA) and
200 puL of chloroform. The following extraction was per-
formed as previously reported [27], and the details are provid-
ed in the ESM (section Supplementary Methods). Finally, the
pellet was dissolved in 20 pL of ribonuclease-free water and
stored at — 80 °C until further analysis.

In addition, we also extracted serum/plasma vesicular RNA
using the exoRNeasy Serum/Plasma Midi Kit (QIAGEN,
Hilden, Germany) (EXR), which is designed for the direct pu-
rification of total vesicular RNA from the serum or plasma
without the intermediate isolation of EVs. The extraction of
RNA with EXR was performed according to the manufacturer’s
instructions, and the final elution volume was adjusted to
20 uL, consistent with that of the other kits (see ESM Fig. S1).

miRNA profiling by lllumina sequencing via synthesis
(SBS) technology

For SBS, equal volumes of serum and plasma (1.2 mL each)
from 20 volunteers were pooled to form serum and plasma
samples (24 mL each). Each pool was then divided into 4
identical aliquots of 6 mL each to perform four protocols.
Total RNA extraction from the exosomes of serum or plasma
was performed as described above. SBS (Annoroad Gene
Technology Corporation, Beijing, China) was performed as
previously described [27]. The details are provided in the
ESM (section Supplementary Methods).

RT-qPCR analysis of miRNAs

A hydrolysis probe-based RT-qPCR assay was performed to
measure exosomal miRNAs according to the instructions by
the manufacturer (Roche Light Cycler® 480 II, Roche
Diagnostics Ltd., Rotkreuz, Switzerland), with a minor

modification as previously reported [28]. The details are pro-
vided in the ESM (section Supplementary Methods). All re-
actions, including the no-template controls, were performed in
triplicate. The miRNA Cq values of exosomes from serum or
plasma were normalized to the sample volume.

Statistical analysis

For statistical analyses, SPSS 21.0 (IBM, NY, USA) and
GraphPad Prism 6 (GraphPad Software, CA, USA) were used.
The miRNA Cq values were presented as the means + SD. An
unpaired ¢ test was used to compare the differences in the Cq
values of the miRNAs between the groups. For correlation
analyses, Pearson’s correlation coefficient was calculated. A
P value <0.05 was considered statistically significant.

Results

Comparison of the yield and purity of exosomes
isolated from human serum or plasma using different
commercial kits

In the present study, exosomes were separately isolated from
the serum or plasma of 5 volunteers by using three different
commercial exosome extraction kits, including TEI, EXQ,
and REI. The isolations were then analyzed by the
NanoSight NS 300 System (NanoSight) to track the concen-
trations and sizes of the exosomes. As it is designed for the
direct purification of total vesicular RNA from serum or plas-
ma without intermediate EVs, EXR was not included in this
comparison. As shown in Fig. 1a, there were statistically sig-
nificant differences in the quantities of the yielded particles
between methods, and REI generated the highest particle
yields. The diameter of the majority of particles isolated by
the three methods was approximately 30—150 nm, consistent
with previously reported exosome size distributions [29] (Fig.
1b—g). In addition, we also observed that serum yielded more
particles and contained higher proportions of particles with
diameters larger than 200 nm than paired plasma samples
isolated by each kit (Fig. la—g).

We next compared the three methods for their efficiency to
enrich for typical exosome proteins and depleting high abun-
dant albumin from the samples. We used Western blotting to
analyze the presence of two classical exosome protein
markers, CD63 and TSG101, which are associated with
exosomes [30]. By loading equal volumes of lysate sample
isolated by each protocol, we observed that EXQ was the most
efficient method for maximizing CD63 and TSG101 contents,
and the lowest TSG101 signal was found in pellets isolated by
TEI (Fig. 1h). In addition, serum yielded higher amounts of
the two protein markers than plasma (Fig. 1h). Nevertheless,
purity test revealed that albumin contamination was present at
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Fig. 1 Exosome yield and purity of different commercial kits from
human serum or plasma. a The concentrations of particles yielded by
three methods (n=15). b—g Size distribution of particles isolated with
nanoparticle tracking analysis (averages of n=>5). h Protein analyses of

different degrees in all samples, and TEI yielded the least
contamination, while REI showed the most (Fig. 1h).
Similar to CD63 and TSG101 contents, more albumin con-
tamination was found in serum than in plasma.

Exosomal miRNA analysis by lllumina SBS technology

Next, we focused on the miRNA recovery by different
exosome extraction kits. We extracted the exosomal RNA
from the samples pooled from 20 independent serum or plas-
ma samples using four kits, including TEL, EXQ, REIL and
EXR, and compared the exosomal RNA characterization be-
tween the different methods. All extracted RNA was of good
quality, with a primary RNA peak between 20 and 25
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EV samples. Lysates of EV enriched with the different protocols from
serum or plasma were assessed by Western blot for the presence of the
exosome markers CD63 and TSG101 and albumin impurity. *P <0.05,
*¥*P<0.01, ¥**P<0.001

nucleotides (see ESM Fig. S2), except for RNA isolated from
plasma by EXR, which was excluded for insufficient RNA
quantity for SBS analysis. SBS was then used to analyze the
miRNA profiling of exosomes isolated by the four kits.
Among the 797 miRNAs scanned by SBS, 385, 411, 296,
448,316, 457, and 268 miRNAs (> 10 copies) were detected
in EXR-serum, EXQ-serum, EXQ-plasma, TEI-serum, TEI-
plasma, REI-serum, and REI-plasma, respectively (see ESM
Table S1 and Fig. 2). The heatmap showed that different
methods yielded slightly different signal intensity of exosomal
miRNAs (Fig. 2). Furthermore, we performed a correlation
analysis of signal intensity of each detected exosomal
miRNA by each method, and a strong correlation was ob-
served between the methods (R* was above of 0.93 between
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Fig. 2 Heatmap analysis of Illumina sequencing assay. The color code
corresponds to log;,-transformed raw reads obtained in the assay. Raw
reads were aligned to the human genome (HG19) and mapped to
miRBase V.20, followed by the normalization of raw reads to RPM.
These data have been uploaded online

all the kits) (P <0.001) (see ESM Fig. S3). In addition, com-
parisons of exosomal miRNA profile between plasma and
serum showed that serum exosomal miRNA profiling had
higher signal intensity than the corresponding plasma
exosomal miRNA for each kit (Fig. 2).

Exosomal miRNAs analysis by RT-qPCR assay

We then explored potential differences between the four
methods for specific miRNAs. We selected four miRNAs,
including miR-127-3p, miR-25, miR-16, and let-7d, ranging
from low to high signal intensity in SBS, and measured these
molecules using RT-qPCR in 20 independent serum/plasma
samples. As shown in Fig. 3, the four commercial kits dem-
onstrated different performances in terms of the Cq values of
the examined miRNAs: EXR and EXQ both showed good
performances in detecting let-7d, miR-16, and miR-127-3p,
and the only significant difference was found in miR-25 con-
centrations, which were more enriched using EXQ than using
EXR (P<0.001). REI also recovered higher quantities of
miR-127-3p, miR-25, and serum let-7d, comparable to EXQ
or EXR, but recovered relatively low quantities of miR-16 and

plasma let-7d (P <0.001 compared with EXR). Furthermore,
correlation analyses of the miRNA Cq values between the
four kits showed that the R* coefficient between EXQ and
EXR in both serum and plasma samples were the highest
among the comparisons (see ESM Fig. S4). In addition, REI
showed a better correlation with TEI than with the other two
methods (see ESM Fig. S4).

‘When comparing the Cq values of the detected miRNAs in
isolations between serum and paired plasma samples, the
exosomal miRNAs recovered from serum were significantly
higher than those from plasma in each kit, consistent with the
results of SBS (Fig. 4). The R* values of the correlations
between serum and plasma in both the EXQ and EXR
methods were more meaningful than those of the other two
methods (R*>0.6) (see ESM Fig. S4).

These results suggested that although a strong correlation
of the exosomal miRNA profiles was obtained between the
four isolation methods, the detected levels of specific
miRNAs, including let-7d, miR-16, miR-25, and miR-127-
3p, were influenced by the exosome isolation kit used.

Reproducibility

To evaluate the reproducibility of the four commercial kits in
exosomal miRNAs, we used each of the kits to analyze sam-
ples obtained from a pooled serum or paired plasma from 20
volunteers, which were separately divided into 20 aliquots of
150 pL each. As shown in Fig. 5, all methods had an accept-
able intraassay CV <10% for the detection of specific
miRNAs: 0.88-3.82, 1.19-3.77, 0-2.70, and 1.23-9.11% for
EXR, TEL EXQ, and REI, respectively (Fig. 5).

Discussion

Since part of EVs, such as exosomes, is actively released from
specific tissues or cells, these particles may reflect the patho-
logical or physiological status of the producing cells or tissues.
Exosomal miRNAs, which are also present in human
biofluids, show greater potential as prognostic and diagnostic
disease biomarkers. Therefore, research should focus on the
miRNAs found in extracellular vesicles [31]. However, the
technical standardization of exosome isolation is a necessary
prerequisite for the translation of exosomal miRNAs into clin-
ical practice, as EVs will be useful for narrowing the search for
diagnostic and prognostic miRNAs only if they can be repro-
ducibly isolated to high purity while retaining sufficient ma-
terial for downstream analyses [31]. To determine the most
suitable exosome extraction protocols for exosomal miRNA
analysis, it is necessary to evaluate the currently available
commercial kits for exosome extraction. Previous studies have
characterized the efficiency of several commercial exosome
isolation kits for serum; however, the understanding of the
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Fig. 3 Exosomal miRNAs analysis by RT-qPCR analysis. a—h Cq values
of the four exosomal miRNAs enriched by examined four kits were
measured in 20 individuals with a hydrolysis probe-based RT-qPCR

efficiency of commercial kits in terms of circulating miRNAs
is still in its infancy [18, 25, 26]. Rekker et al. studied only one
commercial kit, EXQ, by conducting a comparative study of
serum exosomal miRNA profiling with UC [18]. Andreu et al.
assessed four commercial kits, including EXQ and TEI, by
comparing the levels of a set of serum exosomal miRNA with
their levels in total serum [25]. Helwa et al. evaluated three
commercial exosome kits, including EXQ and TEIL for their
ability to measure two specific exosomal miRNAs in serum
[26]. However, a comprehensive comparative study of circu-
lating exosomal miRNA profiling of different commercial
exosome extraction kits has not been reported. In the present
study, we compared the efficiencies of four commonly used
commercial exosome isolation kits for the measurement of the
serum/plasma exosomal miRNA profile as well as specific
miRNAs as first step for biomarker discovery.

Because exosome extraction represents an important
source of variability in the analysis of exosomal miRNAs,
we first characterized the efficiency of studied commercial
exosome isolation kits and the purity of isolates for serum/
plasma by NanoSight and Western blot assays. In the
Western blot assay, two representative proteins associated
with exosomes were analyzed. CD63 is tetraspanin protein
in exosomes, and TSG101, another exosomal marker, is a
commonly accepted cytosolic ESCRT protein marker of
exosomes involved in the biogenesis of multivesicular bodies
[30]. We showed that REI yielded the highest amounts of
particles, whereas TEI yielded the least. Although EXQ gen-
erated markedly fewer particles compared with REI, this
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method captured higher amounts of the exosome protein
markers CD63 and TSG101. In addition, we also examined
the presence of albumin, a major soluble plasma/serum pro-
tein, in particles isolated by the three kits, since it is recom-
mended to assess not only the presence of exosome markers
but also the absence of contaminants [13]. The most albumin
contamination was observed in particles isolated by REI,
which may be the reason why the Western blot results on
exosome markers CD63 and TSG101 did not correlate with
the NanoSight findings showing that REI yielded the most
particles as observed in the present study. Recent studies on
protein impurity analyses of EVs isolated from cell culture
media and urine by commercial kits, as well as in EVs isolated
from plasma by differential UC and SEC have been reported
[32, 33]. These studies demonstrated that most isolation pro-
tocols do not isolate a pure population. In the present study,
albumin was a predominant component of the isolates present
in almost all the samples isolated from plasma/serum by com-
mercial kits. Nevertheless, besides albumin, we suspect that
some other contamination particles, including high-density
lipoproteins and RNA binding protein (Argonaute 1 and 2)
aggregates, may also be present in the isolations, which needs
further identification [33, 34].

After the identification of exosomes, we focused on the
miRNA recovery by different kits, including the three kits
analyzed above and EXR. First, we analyzed the miRNA pro-
filing of 797 miRNAs in pooled serum/plasma exosome sam-
ples isolated with these kits as determined by SBS. We ob-
served a significant correlation of the exosomal miRNA
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Fig. 4 Cq values of exosomal miRNAs with each kit from serum and
paired plasma samples. a—p The Cq values of the four exosomal miRNAs
enriched by the four kits were compared between serum sample and

profile between kits, but with differences depending on the
isolation method. Notably, the EXR-plasma sample was not
included in the comparison, as an insufficient RNA quantity
for SBS was obtained from plasma treated by EXR, which
needs further study in the future. Furthermore, we validated

serum plasma serum plasma

paired plasma sample. Each point represents the mean of the results for
triplicate samples. *P <0.05, **P <0.01, ***P <(.001

these results by RT-qPCR analysis of four specific miRNAs,
including miR-127-3p, miR-25, miR-16, and let-7d.
Numerous studies had indicated that these four exosomal
miRNAs may be useful as potential biomarkers of disease,
especially for cancer [34-38]. The validation results in the
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Fig. 5 Reproducibility of each kits with serum or plasma. a—h To
evaluate the reproducibility of each kit in detecting exosomal miRNAs,
samples obtained from pooled serum or paired plasma from 20 volunteers

present study showed that although a correlation of Cq values
of the four exosomal miRNA was obtained between the four
isolation methods, the detected levels of the four miRNAs
were influenced by the kits used. Among these kits, EXQ
showed the best performance in all the four miRNAs. In ad-
dition, EXQ has been previously compared to the UC method,
and the results demonstrated that two studied miRNAs, miR-
486-5p and miR-92a, showed higher relative expression by
EXQ [18]. The good performance of EXQ in enriching
miRNAs may be attributed to its effectiveness in the isolation
of exosomes as observed in the present study. For TEI, its low
recovery of miRNAs is also consistent with its relatively low
ability in achieving exosomes as demonstrated by NanoSight
and Western blot assays. For exosomal miRNAs extraction,
reproducibility remains a challenge, especially for circulating
exosomal miRNAs. Under the conditions of the present study,
the extraction with all the four kits achieved good perfor-
mance in terms of reproducibility (intraassay CV <10%).
However, compared with the other methods, REI showed a
relative lower reproducibility for all studied miRNAs. We sus-
pect that the reason for this difference could be a relatively
heterogeneous population of particles with abundant albumin
contamination achieved by the REI method. The variation of
specific miRNA recovery between the four commercial kits
could be explained by the technical differences between the
exosome isolation methods.

The choice of plasma or serum for circulating exosomal
miRNA biomarker studies remains an open question. Some stud-
ies have shown that platelets can release many EVs after blood
collection during clot formation, and platelet-derived EVs may

@ Springer

C serum miR-25 d serum miR-127-3p
34 38
- o34 Ed E
J 30 . S é :
= %l 32{
i == .
28 * 30 .

8
EXR TEI EXQ REI
CV (100%) 1.02 2.37 2.10 3.81

6
EXR TEI EXQ REI
CV (100%) 0.88 0.74 1.57 2.06

h plasma miR-127-3p

g

plasma miR-25

34 38

32 ot T
Sa F = o"z: ; ?

28] T ¥ 30| 52

6
EXR TEI EXQ REI
CV (100%) 0.97 1.19 0.82 1.23

EXR TEI EXQ REI
CV (100%) 1.32 0.73 NA 1.75

were separately divided into 20 aliquots of 150 pL each, and the
intraassay CV of each method was calculated from 20 duplicate
measurements

account for more than 50% of the EVs in serum, which was more
than tenfold greater than that observed for plasma [39]. This
finding might suggest that plasma is the physiological medium
of EVs in the blood. In the present study, by comparison, we also
observed that serum yielded a larger number of exosomes than
paired plasma in each studied commercial kit. In addition, parti-
cles isolated from serum showed more albumin impurities.
Furthermore, higher miRNA levels were also found in serum
compared to the corresponding plasma. Nevertheless, there were
significant correlations in the Cq values of exosomal miRNAs
between serum and plasma, either in SBS or RT-qPCR assay.
Specifically, the correlation of the results obtained from serum
and plasma samples with EXR and EXQ was much better than
that obtained with REI, suggesting that some interfering artifacts,
for example, albumin contamination as observed in the present
study, may impact this last kit. The comparison between serum
and plasma may provide a reference for selecting serum or plas-
ma to analyze exosomal miRNAs as potent non-invasive bio-
markers. Additional studies are recommended to increase the
current understanding of plasma/serum differences and deter-
mine how these differences are affected by sample processing
protocols.

In conclusion, here, we highlight the characteristics of each
kit, providing the most appropriate method according to dif-
ferent study requirements. Furthermore, we demonstrated that
a serum sample could possess a higher abundance of
exosomal miRNAs than plasma, but with more albumin con-
tamination. Hence, it is highly advisable to carefully select the
appropriate exosomal miRNA extraction method as well as
sample type for the detection of exosomal miRNAs.
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