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Abstract

AIM: To develop protocols for isolation of exosomes
and characterization of their RNA content.

METHODS: Exosomes were extracted from Hela cell
culture media and human blood serum using the Total
exosome isolation (from cell culture media) reagent,
and Total exosome isolation (from serum) reagent
respectively. Identity and purity of the exosomes was
confirmed by Nanosight® analysis, electron micros-
copy, and Western blots for CD63 marker. Exosomal
RNA cargo was recovered with the Total exosome RNA
and protein isolation kit. Finally, RNA was profiled us-
ing Bioanalyzer and quantitative reverse transcription-
polymerase chain reaction (qQRT-PCR) methodology.

RESULTS: Here we describe a novel approach for ro-
bust and scalable isolation of exosomes from cell cul-
ture media and serum, with subsequent isolation and
analysis of RNA residing within these vesicles. The iso-
lation procedure is completed in a fraction of the time,
compared to the current standard protocols utilizing
ultracentrifugation, and allows to recover fully intact
exosomes in higher yields. Exosomes were found to
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contain a very diverse RNA cargo, primarily short se-
quences 20-200 nt (such as miRNA and fragments of
mRNA), however longer RNA species were detected as
well, including full-length 18S and 28S rRNA.

CONCLUSION: We have successfully developed a set of
reagents and a workflow allowing fast and efficient ex-
traction of exosomes, followed by isolation of RNA and its
analysis by qRT-PCR and other techniques.

© 2013 Baishideng. All rights reserved.

Key words: Exosomes; Microvesicles; Cell culture media;
Serum; RNA; Quantitative reverse transcription-poly-
merase chain reaction; Sequencing

Core tip: Exosomes are small vesicles (30-150 nm) per-
ceived to be carriers of the unique effector or signaling
macromolecules (miRNA, ncRNA, mRNA and protein)
between very specific cells within our body. The spec-
trum of current scientific interests ranges from studying
the functions and pathways of exosomes to utilizing
them in diagnostics and therapeutics development.
Here we describe a complete exosome workflow solu-
tion: fast and efficient isolation of exosomes; extraction
of their cargo; characterization of exosomal RNA con-
tent using quantitative reverse transcription-polymerase
chain reaction and other techniques.

Zeringer E, Li M, Barta T, Schageman J, Pedersen KW, Neu-
rauter A, Magdaleno S, Setterquist R, Vlassov AV. Methods
for the extraction and RNA profiling of exosomes. World J
Methodol 2013; 3(1): 11-18 Available from: URL: http://www.
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INTRODUCTION

Cells are known to secrete a large variety of vesicles,

macromolecular complexes, and smaller molecules like
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salts and cofactors, into the extracellular space. The types
of vesicles secreted are diverse and depend on the origin
of the cells and their current state, for example, trans-
formed, differentiated, stimulated, or stressed. Exosomes
are a type of microvesicle, 30-150 nm in size, that have
received increased attention over the past decade™.
Exosomes are secreted by all cell types in culture, and
also found naturally in body fluids including blood, sa-
liva, urine, and breast milk, in very high numbers (1 0%-10"
per mL)[(”ﬂ. Depending on the cell/tissue of origin, many
different roles and functions have been attributed to

8]

exosomes: Facilitators of the immune response’, anti-

gen presentationm, programmed cell death, angiogenesis,
inflammation, coagulationm, morphogen transporters
in the creation of polarity during development and dif-
¥ and mediation of nontargeted effect of

. .. P 10 .
ionizing radiation"”. Recent studies have demonstrated

ferentiation

that exosomes are not only specifically targeted to recipi-
ent cells to exchange proteins and lipids or to trigger
downstream signaling events, but also to deliver specific
nucleic acid cargo for cell communication purposes. Va-
ladi ez 2" demonstrated that MC /9 and human mast cell
line-1 mast cells secrete exosomes that contain mRNA
from approximately 1300 genes and small RNAs, includ-
ing 121 unique microRNAs. The transfer of exosomes to
a donor cell showed that at least some mRNAs were full-
length, as they were translated in the recipient cell. Glio-
blastoma cells also secrete exosomes and microvesicles
containing mRNA, miRNA and angiogenic proteins[m -
when taken up by host human brain microvascular endo-
thelial cells, mRNA molecules were translated and tubule
formation by the target endothelial cells was stimulated.
The spread of oncogenes by exosomes and microvesicles
secreted by tumor cells has also been reported”. Exo-
somes seem to play a crucial role in spreading pathogens
such as prions and viruses from one cell to another "',
Interest towards exosomes, from their function in the
body to more practical applications, such as use in diag-
nostics and therapeutics development, has grown expo-
nentially in the last few years""”,

Critical to further our understanding of exosomes,
is the development of reagents, tools and protocols for
their isolation, characterization and analysis of their
RNA and protein contents. Several reports have been
published to date, using quantitative reverse transcrip-
tion-polymerase chain reaction (QRT-PCR) and next gen
sequencing for initial characterization of the RNA con-
tent of exosomes derived from human acute monocytic
leukemia cell line, human umbilical vein endothelial cells,
dendritic cells and human embryonic stem cell-derived
mesenchymal stroma cells, as well as serum, saliva, pla-
centa and breast milk!"*"?, All these studies utilize ul-
tracentrifugation protocolsm] which are proven methods,
producing clean exosome preparations. However, the ul-
tracentrifugation approach has numerous drawbacks: the
method is highly labor intensive and time consuming (up
to two days per preparation, for a protocol with sucrose
gradient); one can not process more than 6 samples at a
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time (due to rotor limitation); it requires a large amount
of starting material; exosome yields are typically low; ex-
tensive training for personnel is needed; and the method
overall is not very reliable.

Here we describe a novel approach for fast and effi-
cient isolation of exosomes from cell culture media and
blood serum, followed by recovery of RNA cargo and
its analysis by qRT-PCR. The procedure is completed in
a fraction of the time, compared to the current standard
protocols utilizing ultracentrifugation, and allows to re-
cover fully intact exosomes in higher yields.

MATERIALS AND METHODS

Extraction of exosomes from serum and cell media
using Total exosome isolation reagents

Cell culture media: Fresh cell media was harvested from
HelLa cells, grown initially in the presence of 10% fetal
bovine serum (FBS), and [after two phosphate buffered
saline (PBS) washes| without FBS for the last 12 h. The
cell media samples were then centrifuged at 2000 g for 30
min to remove cell debris. The supernatant containing
the cell-free cell media was transferred to a fresh con-
tainer and held on ice until use. Next, each sample was
combined with 1/2" volume of Total exosome isolation
(from cell culture media) reagent (Invitrogen) and mixed
well by vortexing until a homogenous solution was
formed. The samples were incubated at 4 ‘C overnight,
then centrifuged at 4 C at 10000 g for 1 h. The superna-
tant was aspirated and discarded, and the exosome pellet
was resuspended in PBS buffer, then stored at 4 C short
term (1-7 d) and -20 C long term.

Human blood serum: Frozen serum samples from differ-
ent donors were thawed in a water bath at room temper-
ature until samples were completely liquid, then centri-
fuged at 2000 g for 30 min to remove any cellular debris.
The supernatant containing the cell-free serum was
transferred to a fresh container and briefly held on ice
until use. Next, each serum sample was combined with
1/5" volume of Total exosome isolation (from serum)
reagent (Invitrogen) and then mixed well by vortexing
until a homogenous solution was formed. The samples
were incubated at 4 'C for 30 min, then centrifuged at
room temperature at 10000 g for 10 min. The superna-
tant was aspirated and discarded, and the exosome pellet
was resuspended in PBS buffer, then stored at 4 C short
term (1-7 d) and -20 °C for long term.

Isolation of exosomes from serum and cell media using

ultracentrifugation protocols

Cell culture media: Using the same HelLa cell media
that was prepared for the extraction of exosomes using
the Total exosome isolation reagent, above, exosomes
were isolated according to the differential ultracentri-
fugation Basic Protocol 1 as described by Théry ez al®,
Briefly, HeLa cell media was centrifuged at 4 ‘C at 2000 g
for 10 min and then 10000 g for 30 min to produce a cell-
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free conditioned medium. The pooled media was divided
equally into each of 6 polyallomer tubes and centrifuged
at 4 "C at 100000 g for 70 min. The subsequent pellet was
re-suspended and washed with PBS followed by a second
100000 g centrifugation. A low volume of PBS was used
to re-suspend the washed pellets and then they were com-
bined in pairs to result in three concentrated exosomes
samples. These samples were then processed by isopycnic
centrifugation using continuous sucrose gradients. The
gradients were prepated using solutions of 0.25 mol/L
and 2 mol/L sucrose in 20 mmol/L 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES), pH 7.3 as de-
scribed by Abe ¢z al™”.

Once prepared, the sucrose gradients were overlaid
with one of the three concentrated exosome samples and
then centrifuged at 4 “C at 110000 g for 16 h. Immediate-
ly after centrifugation, each of the gradients was fraction-
ated using a peristaltic pump and fraction collector and
each fraction was measured on a refractometer to identify
those that contain exosomes based on the density range
of 1.13-1.19 g/mL as defined by Record ez al™. The re-
sulting set of fractions were pooled within the respective
sample and diluted 3-fold with 20 mmol/L. HEPES, pH
7.3 then centrifuged in polyallomer konical™ tubes at
4 °C at 110000 g for 1 h to produce a final pellet consist-
ing of purified exosome that was re-suspended in 200 pL
PBS.

Human blood serum: Using the same human serum
that was thawed for the extraction of exosomes using
the Total exosome isolation reagent, above, exosomes
were isolated according to the differential ultracentrifuge
Basic Protocol 2 as described by Théry e al™”. Briefly,
serum was diluted with an equal volume of PBS and
gently mixed until homogenous. Then the mixture was
centrifuged at 4 C at 2000 g for 30 min and 12000 g for
45 min to produce a cell-free serum. The pooled se-
rum was divided equally into each of the 6 polyallomer
tubes and centrifuged at 4 ‘C at 110000 g for 2 h. The
subsequent pellet was re-suspended and washed twice
with PBS followed each time by centrifugation at 4 C at
110000 g for 70 min. A low volume of PBS was used to
re-suspend the washed pellets, resulting in three concen-
trated exosomes samples.

Western blot analysis

Exosome samples isolated from cell media or blood
serum (1-5 pl.) were mixed with 2 X non-reducing
Tris-glycine SDS sample buffer (Novex), then heated
at 75 'C for 5 min and loaded onto a 1.5 mm X 15 mm
well 4%-20% Tris-Glycine gel (Novex). Benchmark pre-
stained protein ladder (Invitrogen) was added to one
well as a control to monitor the molecular weight of
the protein samples. The gel was run under denaturing
conditions at 150 V for 1.5 h then transferred to a mem-
brane using the iBlot instrument (Life Technologies).
After transfer, the membranes were processed on the

BenchPro 4100 (Life Technologies) with CD63 antibody
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diluted 100 pg X to 20 mL (Abcam). The WesternBreeze
Chemiluminescence kit was utilized to label the mem-
brane. Membranes were then exposed to X-ray film for
1-10 min and the film was analyzed.

RNA isolation

The Total exosome RNA and protein isolation kit (In-
vitrogen) was utilized for recovery of RNA from both
the concentrated exosome samples (reagent and ultra-
centrifugation) and control samples for each sample type
- HeLa cell pellets (1 X 10° cells/pellet) for the HelLa
cell culture and cell-free serum for the serum samples.
Two hundred microlitre of each sample (brought up to
volume with PBS if necessary) was combined with 205
uL of 2X denaturing solution, vortexed to lyse, and then
incubated on ice for 5 min. After incubation, 410 pl. of
Acid-Phenol: Chloroform was added to the mixture and
vortexed for 30-60 s to mix. Samples were then centri-
fuged for 5 min at 10000 g at room temperature to sepa-
rate the mixture into aqueous and organic phases. Once
centrifugation was complete, the aqueous (upper) phase
was carefully removed without disturbing the lower phase
or the interphase, and transferred to a fresh tube. One
point twenty-five volumes of 100% EtOH was added to
the aqueous phase for each sample then vortexed to mix.
About 700 plL of volume was placed onto spin column
in a collection tube then spun at 10000 g for 15 s to move
the sample through the filter cartridge. Samples were then
washed once with 700 pl. Wash Solution 1 X and 2 X
with 500 pL wash solution 2/3 (centrifuged at 10000 g
for 15 s for each wash). After washing, filter was dried by
spinning for an additional 1 min at 10000 g The filter car-
tridge was transferred into a fresh collection tube and 50
pL of preheated (95 C) nuclease-free water was applied
to the center of the filter. Samples were centrifuged for
30 s at 10000 g to recover the RNA, then a second 50 puL
volume of preheated (95 ‘C) nuclease-free water was ap-
plied to the center of the filter and centrifuged for 30 s at
10000 g. After the second spin, the eluate containing the
RNA was collected and stored at -20 C. A DNase treat-
ment was performed on RNA extracted from the Hel.a
cell pellet using the DNase-free kit (Ambion) to remove
any contaminating DNA. DNase treatment was not
performed on other samples as they had a much smaller
sample input. After treatment, the sample was diluted to
2 ng/ pL and 1 pL of each RNA sample was analyzed
on the Agilent 2100 Bioanalyzer using the Agilent RNA
6000 Pico kit (Series II) to determine the mass of RINA
going into downstream analysis.

Reverse transcription and quantitative real-time PCR

analysis of the RNA sequences isolated from exosomes
Reverse Transcription (RT) Master Mixes were prepared
for each sample using either the High Capacity cDNA
Reverse Transcription kit and protocol with random
primers for mRNA or the TagMan® MicroRNA Reverse
Transcription Kit reagents and protocol (Applied Bio-
systems) with gene specific RT primers for five miRINA
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targets (let7e, miR26a, miR16, miR24 and miR451). Ten
microlitre of the RT Master Mix was added to corre-
sponding wells in a 96-well plate, and 5 pL. of each sam-
ple was added to the master mix. Plates were covered with
adhesive (non-optical) cover and spun down to remove
air bubbles, and then placed into a 9700 thermocycler
and incubated as follows: for mRNA - 25 ‘C for 10 min;
37 C for 120 min; and 85 ‘C for 5 min; for miRNA -
4 °C for 5 min; 16 ‘C for 30 min; 42 C for 30 min; and
85 C for 5 min. Reactions were kept at 4 ‘C until use.
qPCR master mixes were prepared for each of five
microRNAs (let7e, miR26a, miR16, miR24 and miR451)
and two mRNAs [glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) and 18S] by combining 5 ypL. of AB
Universal PCR Master Mix II, 2.5 puL; of nuclease-free
water, and 0.5 uL of the 20 X Taqman Assay. After mix-
ing, 8 puL. of each master mix was placed into wells in a
384-well plate (enough for triplicate reactions for each
1solation replicate). Two microlitre of each RT reaction
was added in triplicate to the master mix of each target
and the plates were sealed with optical adhesive cover.
Plates were spun down to remove air bubbles then placed
into a 7900HT instrument and run using the following
thermocycler protocol: 95 ‘C for 10 min; (95 °C for 15 s;
60 °C for 60 s) 40 cycles. Once the run was complete, au-
tomatic Ct analysis was performed with SDSv2.3 software
and average and standard deviation was calculated for
each set of isolations and gPCR reactions for each target.

RESULTS

Extraction of exosomes from cell media and serum
Isolation of exosomes from cell culture media and body
fluids is presently a tedious, non-specific, and difficult
process. The widely used approach is based on ultracen-
trifugation in combination with sucrose density gradients
or sucrose cushions to float the relatively low-density
exosomes away from other vesicles and particles[23]. The
protocols range in time from 8 to 30 h and require an ul-
tracentrifuge and extensive training to ensure successful
isolation of exosomes.

As a way to simplify and shorten exosome isolation,
we developed two Total exosome isolation reagents that
enable straightforward and reliable concentration of in-
tact exosomes from cell culture media and blood serum
samples. By tying up water molecules, the reagents force
less-soluble components, such as vesicles, out of solu-
tion. When the reagent is added to the biological sample,
and solution is incubated at 4 ‘C, the precipitated exo-
somes can be recovered by standard centrifugation at
10000 g The pellet is then resuspended in PBS or similar
buffer and exosomes are ready for downstream end-
point analysis or biological studies on their pathways,
functions and trafficking

We extracted exosomes from Hela cell culture media
and blood serum samples (derived from healthy human
donors) using the Total exosome isolation reagents as
well as the ultracentrifugation procedure™, for compari-
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son purposes. Sizing and quantification of exosomes
was performed with the NanoSight® LM10 instrument,
following the manufacturer’s protocol. This instrument
uses a laser light source to illuminate nano-scale par-
ticles (10-1000 nm) which are seen as individual point-
scatters moving under Brownian motion. The paths of
the point scatters, or particles, are calculated over time to
determine their velocity which can be used to calculate
their size independent of density. The image analysis
NTA software compiles this information and allows
one to automatically track the size and number of the
nanoparticles. Results are shown in Figure 1A and B for
Hela cell culture media, and Figure 2A and B for serum.
The reagent method recovered a significant number of
nanovesicles, in comparable or higher yields »s the ultra-
centrifugation procedures; All nanovesicles were smaller
than 300 nm, most of them being in the typical exosome
size range of 30-150 nm. Similar results were obtained
for cell media derived from THP-1 and Jurkat cell lines,
1-10 mL sample volume input (data not shown).
Samples were next analyzed by Western blots with an-
tibody specific to CD63 - a well characterized exosomal
marker! "), Results are shown in Figure 1C for Hel.a
cell culture media and Figure 2C for serum - confirming
that clean exosome populations were recovered with both
protocols. CD9, TSG101, Annexin [I exosomal markers
wete also confirmed by Western blots (data not shown).
To further characterize samples obtained with the
reagent, electron microscopy analysis was performed. Fi-
gure 3A shows a representative image of the unlabeled
exosome, Figure 3B shows exosome immunolabeled
with anti-CD63 antibodies followed by 10 nm protein A
gold nanoparticles, and Figure 3C shows exosome im-
munolabeled with anti-CD81 antibodies followed by 10
nm protein A gold nanoparticles. The exosomes recov-
ered with the reagent have typical appearance and size
(about 100 nm"™), and immunolabeling with anti-CD81
and anti-CDG63 antibodies, which are well known exo-
somal markers™*”, was very efficient confirming that the
nanovesicles recovered with the reagent are exosomes.

RNA isolation and analysis by Agilent 2100 Bioanalyzer
and qRT-PCR

Next, we proceeded with the isolation and analysis of the
exosomal RNA cargo. The Total exosome RNA and pro-
tein isolation kit, developed specifically for this purpose,
uses acid-phenol: Chloroform extraction to provide a
robust, initial RNA purification step, followed by a final
purification over a glass-fiber filter. Ethanol is added to
samples that are passed through a filter cartridge con-
taining the glass-fiber filter, which immobilizes the RNA.
The filter is washed, and the RNA is eluted with a low
ionic-strength solution.

We followed this protocol to isolate RNA from exo-
somes derived from Hel.a cell culture media and blood
serum samples using both the Total exosome isolation
reagents and ultracentrifugation proceduremj. Subsequent
analysis with Qubit fluorometer has shown that for exo-
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Figure 1 Exosomes isolated from cell media using the reagent are comparable to ultracentrifugation preparations. A, B: Analysis of exosomes recovered from
HeLa cell culture media using the Total exosome isolation reagent (from cell culture media) and ultracentrifugation protocol-by Nanosight® LM10 instrument. The pro-
files are essentially very-finely segmented histograms, indicating the number of particles per mL (in millions) for each size in bins of 1 nm increment from 0 to 1000 nm;
C: Western blot analysis for the presence of exosomal marker protein CD63 in cell culture media derived samples. Exosomes from three separate Hela cell culture
media preparations (isolated with either the Total exosome isolation reagent (from cell culture media) or ultracentrifugation) were separated on a Novex 4%-20%
Tris-Glycine Gel under denaturing, non-reducing conditions. Standard Western blot procedures with anti-CD63 antibodies were used to detect cell media derived
exosomal protein markers; D: Analysis of the exosomal miRNA and mRNA levels in HelLa cell culture media derived samples by quantitative reverse transcription-
polymerase chain reaction (QRT-PCR). RNA was isolated using the Total exosome RNA and protein isolation kit from exosomes extracted using the Total exosome
isolation reagent (from cell culture media) and the ultracentrifugation protocol. Levels of five microRNAs (let7e, miR26a, miR16, miR24 and miR451) and two mRNAs
[glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and 18S] were quantified by gqRT-PCR using TagMan assays and reagents.

somes isolated from 100 ml. of Hel.a cell culture media Finally, the levels of five mictoRNAs (let7e, miR26a,
using the ultracentrifugation protocol, it is possible to re- miR16, miR24 and miR451) and two mRNAs (GAPDH
cover approximately 380 pg RNA. The reagent method and 18S) earlier reported to be present in exosomes'
resulted in isolation of somewhat more exosomes from were analyzed by qRT-PCR. Results are displayed in Fig-
the same volume of Hela cell culture media, containing ure 1D for Hela cell culture media and Figure 2D for
approximately 520 pg RNA. human blood serum. Based on Ct values, 25-33 for the

RNA recovered from exosomes with the reagent and majority of analytes, RNA isolation was efficient and the
ultracentrifugation was next characterized by capillary amount of material recovered is sufficient for standard
electrophoresis using the Agilent 2100 Bioanalyzer, and PCR analysis - RNA recovered from exosomes derived
a RNA Pico chip. Results are shown in Figure 4. For from 3 pl serum or 30 pl cell media is sufficient for
both types of samples, profiles were similar: the major- one qPCR reaction. The reagent method recovered
ity of RNA content was small (< 200 nt), but there were somewhat higher levels of exosomes-compared to ultra-

some longer RNA species present including full-length centrifugation procedure, as indicated by 0.5-2 Ct shift
18S and 28S rRNA. This is in agreement with earlier up for different RNAs.
studies' ">, indicating that exosomes primarily contain

short RNA (such as miRNA) and degraded mRINA, but

also some full-length molecules including mRNA > 1 kb DISCUSSION

long, Overall, the amount of total RNA recovered, and To conclude, we describe here a novel approach for
specifically the small RNA fraction, is higher for the re- fast and efficient isolation of exosomes from cell cul-
agent method compared to ultracentrifugation protocol. ture media and blood serum, that can be followed by
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Figure 2 Exosomes isolated from serum using the reagent are comparable to ultracentrifugation preparations. A, B: Analysis of the exosomes recovered from
human serum using the Total exosome isolation reagent (from serum) and the ultracentrifugation protocol-by Nanosight® LM10 instrument. The profiles are essentially
very-finely segmented histograms, indicating the number of particles per mL (in millions) for each size in bins of 1 nm increment from 0 to 1000 nm; C: Western blot
analysis for the presence of exosomal marker protein CD63 in blood serum derived samples. Exosomes from three separate serum preparations (isolated with either
the Total exosome isolation reagent (from serum) or ultracentrifugation) were separated on a Novex 4%-20% Tris-Glycine Gel under denaturing, non-reducing condi-
tions. Standard Western blot procedures with anti-CD63 antibodies were used to detect human blood serum derived exosomal protein markers; D: Analysis of the exo-
somal miRNA and mRNA levels in human blood serum by quantitative reverse transcription-polymerase chain reaction (qQRT-PCR). RNA was isolated using the Total
exosome RNA and Protein Isolation kit from exosomes extracted using the Total exosome isolation reagent (from serum) and the ultracentrifugation protocol. Levels
of five microRNAs (let7e, miR26a, miR16, miR24 and miR451) and two mRNAs [glyceraldehyde-3-phosphate dehydrogenase (SAPDH) and 18S] were quantified by
gRT-PCR using TagMan assays and reagents.

Figure 3 Electron microscopy analysis of exosomes isolated from HeLa cell culture media with the Total exosome isolation reagent. A: Representative
image of the unlabeled exosome; B: Exosome immunolabeled with anti-CD63 followed by 10 nm protein A gold nanoparticles; C: Exosome immunolabeled with anti-
CD81 followed by 10 nm protein A gold nanoparticles. For immunolabelling, exosome samples were precipitated undiluted at room temperature for 15 min to grids.
Next, blocking with 0.5% bovine serum albumin was performed for 10 min. Labeling with anti-CD63 and anti-CD81 antibodies was carried out for 30 min. Following
washing steps, Prot A Au were added and incubated for 15 min. After subsequent phosphate-buffered saline and water wash steps, embedding in 0.3% Uranyl acetate
in methyl cellulose was finally performed, followed by electron microscop analysis of exosomes.
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Figure 4 Analysis of RNA cargo of HeLa cell media exosomes by Agilent RNA pico chip. A: Exosomes isolated with ultracentrifugation protocol; B: Exosomes

recovered with the Total exosome isolation reagent.

recovery of RNA cargo and its analysis by qRT-PCR or
sequencing. The procedure is completed in a fraction of
the time, compared to the current standard protocols
utilizing ultracentrifugation, and allows recovery of fully
intact exosomes in higher yields. This is the first step
towards developing standardized techniques and pro-
tocols for fast, high throughput and robust isolation of
exosomes from various sample types and downstream
analysis of their constituents. We believe these reagents
and workflows will be highly useful to scientists work-
ing on the edge of cellular and molecular biology and
focusing on analysis of extracellular (circulating) RNA
residing within the exosomes, microvesicles and protein
complexes.

COMMENTS

Background

Exosomes are small (30-150 nm) vesicles containing unique RNA and protein
cargo, secreted by all cell types in culture. They are also found in abundance
in body fluids including blood, saliva, urine. At the moment, the mechanism of
exosome formation, the makeup of the cargo, biological pathways and result-
ing functions are incompletely understood. One of their most intriguing roles is
intercellular communication-exosomes function as the messengers, delivering
various effector or signaling macromolecules between specific cells. There is an
exponentially growing need to dissect structure and the function of exosomes
and utilize them for development of minimally invasive diagnostics and thera-
peutics.

Research frontiers

Several reports have been published to date, using quantitative reverse tran-
scription-polymerase chain reaction (QRT-PCR) and next gen sequencing for
initial characterization of the RNA content of exosomes derived from severals
cell lines, as well as serum, saliva, placenta and breast milk. All these stud-
ies utilize ultracentrifugation isolation protocols which allow to produce clean
exosome preparations, however, suffer from numerous drawbacks. Critical to
further our understanding of exosomes, is the development of reagents, tools
and protocols for their simple and robust isolation, characterization and analysis
of their RNA and protein contents.

Innovations and breakthroughs

The authors developed the workflow allowing fast and efficient extraction of
exosomes, followed by isolation of RNA and its analysis by qRT-PCR. The pro-
cedure is completed in a fraction of the time, compared to the current standard
protocols utilizing ultracentrifugation, and allows to recover fully intact exo-
somes in higher yields.
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Applications

The workflow presented here allows fast isolation of exosomes and down-
stream analysis of their constituents, thus enabling basic exosome research as
well as development of minimally invasive diagnostic alternative to biopsies.

Peer review

In this study, the authors describe a novel approach for fast and efficient extrac-
tion of exosomes from cell culture media and body fluids, and compare the
effectiveness of isolation methods with ultracentrifigation protocol. This manu-
script is well organized and the experiments are well conducted.
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