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a b s t r a c t
Exosomes are small RNA containing vesicles of endocytic origin, which can take part in cell-to-cell communication partly by the transfer of exosomal RNA between cells. Exosomes are released by many cells
and can also be found in several biological ﬂuids including blood plasma and breast milk. Exosomes differ
compared to their donor cells not only in size but also in RNA, protein and lipid composition. The aim of
the current study was to determine the optimal RNA extraction method for analysis of exosomal RNA, to
support future studies determining the biological roles of the exosomal RNA.
Different methods were used to extract exosomal and cellular RNA. All methods evaluated extracted
high quality and purity RNA as determined by RNA integrity number (RIN) and OD values for cellular RNA
using capillary electrophoresis and spectrophotometer. Interestingly, the exosomal RNA yield differed
substantially between the different RNA isolation methods. There was also a difference in the exosomal
RNA patterns in the electropherograms, indicating that the tested methods extract exosomal RNA with
different size distribution. A pure column based approach resulted in the highest RNA yield and the
broadest RNA size distribution, whereas phenol and combined phenol and column based approaches lost
primarily large RNAs. Moreover, the use of phenol and combined techniques resulted in reduced yield
of exosomal RNA, with a more narrow size distribution pattern resulting in an enrichment of small RNA
including microRNA.
In conclusion, the current study presents a unique comparison of seven different methods for extraction
of exosomal RNA. As the different isolation methods give extensive variation in exosomal RNA yield and
patterns, it is crucial to select an isolation approach depending on the research question at hand.
© 2012 Elsevier Ltd. All rights reserved.

1. Introduction
Exosomes are small nano-vesicles of endocytic origin, which
are released into the extracellular environment by many different cell types including mast cells, dendritic cells, epithelial cells
and tumour cells (Raposo et al., 1997; Thery et al., 1999; Van Niel
et al., 2001; Wolfers et al., 2001; Thery et al., 2009). Exosomes have
also been detected in human biological ﬂuids such as blood plasma,
urine, bronchoalveolar lavage ﬂuid, saliva and breast milk (Admyre
et al., 2003; Pisitkun et al., 2004; Caby et al., 2005; Admyre et al.,
2007; Palanisamy et al., 2010). Excitingly, exosomes contain RNA
that can be shuttled between cells. Thus, one cell can produce exosomes that inﬂuence another cell, which has opened a new research
ﬁeld in cell-to-cell communication (Valadi et al., 2007; Skog et al.,
2008; Palanisamy et al., 2010; Pegtel et al., 2010; Kosaka et al.,
2010; Kogure et al., 2011; Montecalvo et al., 2012). Subsequently,
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RNA has been detected in exosomes from many different cellular
sources (Valadi et al., 2007; Skog et al., 2008; Taylor and GercelTaylor, 2008; Kesimer et al., 2009; Michael et al., 2010; Ohshima
et al., 2010; Palanisamy et al., 2010; Kosaka et al., 2010; Pegtel et al.,
2010; Kogure et al., 2011; Montecalvo et al., 2012). The exosomal
RNA pattern differs in the studies describing exosomes from different cellular sources. However, the technique for extracting RNA
from exosomes is not uniform in these studies, which may explain
some differences in the exosomal RNA pattern. Thus, there is a need
to standardize the methodology to isolate RNA from exosomes.
Interestingly, the lipid composition of the cellular and exosomal membranes differ substantially which would potentially
affect the RNA extraction. Exosomes have a more rigid membrane
compared to the cellular membrane due to a decreased phosphatidylcholine content and enrichment in sphingomyelin and
cholesterol (Laulagnier et al., 2004; Trajkovic et al., 2008; Mitchell
et al., 2009). Therefore, it is possible that the methodology to extract
molecules from cells and exosomes should differ to some extent.
This may be especially important when characterizing the RNA
content in exosomes from different cellular origins.
In different studies describing exosomal RNA, a number of
alternative RNA extraction methods have been used including
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phenol based techniques (Trizol® ), combined phenol and column
based approaches (Trizol® followed by cleanup using the modiﬁed
RNeasy® , miRNeasy and mirVanaTM ) and pure column based techniques (RNeasy® , modiﬁed RNeasy® and miRCURYTM ) (Valadi et al.,
2007; Skog et al., 2008; Taylor and Gercel-Taylor, 2008; Kesimer
et al., 2009; Michael et al., 2010; Ohshima et al., 2010; Palanisamy
et al., 2010; Pegtel et al., 2010; Kosaka et al., 2010; Kogure et al.,
2011 and unpublished data).
The aim of the current study was to determine whether the difference in exosomal RNA patterns depend on the extraction method
used, or if it is a true variation in exosomes originating from different cellular sources. Furthermore, we aimed to determine the most
suitable RNA isolation method for exosomal RNA, which is also
suitable for cellular RNA extraction. To examine this, we utilized
a mast cell line (MC/9) that continuously release exosomes, which
have previously been characterized (Valadi et al., 2007). Thus, we
evaluated several available methods to extract the exosomal RNA
with high quality, substantial yield, high purity and appropriate size
distribution suitable for analysis of mRNA and small RNA including
microRNA.

Cell culture

Exosome isolation

Exosomes

RNA Isolation
Trizol®

2.1. Cell culture and exosome isolation
The mouse mast cell line MC/9 (ATCC, Manassas, VA) was
cultured according to the manufacturer’s recommendations. To
eliminate exosomes present in serum, Rat T-Stim (BD Biosciences,
Erembodegem, Belgium) and fetal bovine serum (Sigma–Aldrich,
St. Louis, MO, USA) were ultracentrifuged at 120,000 × g for 90 min
using a Ti45 rotor (Beckman Coulter, Brea, CA, USA). Exosomes
were prepared from the supernatant of MC/9 cells using differential centrifugations as previously described (Valadi et al., 2007).
In short, cells were harvested, centrifuged at 300 × g for 10 min
to eliminate cells and at 16,500 × g for 20 min, followed by ﬁltration through 0.2 m ﬁlters to remove cell debris and particles
larger than 200 nm. Exosomes were pelleted by ultracentrifugation at 120,000 × g for 70 min (all steps were performed at 4 ◦ C).
The exosome pellet was dissolved in nuclease free water and subsequently split and transferred to seven different RNase free tubes
for RNA isolation by seven different methods (Fig. 1). The cells
were harvested and pelleted by centrifugation at 500 × g for 5 min
(n = 4; 2–4 × 106 cells). Each exosomal sample (A–D) was isolated
from a large volume of cells and then split into seven different
fractions for the seven different RNA extraction methods. Thus,
each exosomal sample was harvested from 85 ml cell suspension
with 1–4 × 106 cells/ml. Cells and exosomes were then immediately lysed in respective lysing solution and continued for RNA
puriﬁcation.
2.2. RNA extraction methods
RNA was extracted from cells and exosomes (n = 4) using seven
different methods; Trizol® (Invitrogen, Paisley, UK), Trizol® followed by cleanup using the modiﬁed RNeasy® Mini Kit (Qiagen,
Hilden, Germany), RNeasy® Mini Kit, modiﬁed RNeasy® Mini Kit,
miRNeasy Mini Kit (all three from Qiagen), miRCURYTM RNA Isolation Kit (Exiqon, Vedbaek, Denmark) and mirVanaTM miRNA
Isolation Kit (Ambion, Austin, TX, USA) (Table 1 and Fig. 2). Trizol® ,
RNeasy® Mini Kit, miRNeasy Mini Kit, miRCURYTM RNA Isolation
Kit and mirVanaTM miRNA Isolation Kit were all used according
to the manufacturer’s protocol but with the double volume lysing
buffer for the RNeasy® Mini Kit. According to manufacturer’s protocol, RNeasy® Mini Kit only isolates RNA molecules larger than
200 nucleotides. To also extract small RNA, a modiﬁed version of

mirVana™ miRNA

Trizol®+cleanup

miRCURY™ RNA
modified RNeasy

RNeasy®

2. Methods

279

miRNeasy

Fig. 1. Sample preparation ﬂow chart. Cells were harvested and pelleted by centrifugation. Each exosomal sample (A–D) was isolated from a large volume of cells
and then split into seven different fractions for the seven different RNA extraction
methods.

the RNeasy® Mini Kit was used. In brief, cells and exosomes were
disrupted and homogenized in 700 l RLT buffer containing 1% ␤mercaptoethanol and 3.5 volumes of 100% ethanol were added to
the samples prior to the use of the RNeasy® mini spin column.
The samples were washed twice in 500 l RPE buffer and eluted in
RNase free water. For Trizol® followed by modiﬁed RNeasy® Mini
Kit, the Trizol® protocol was followed until the phase separation
and it was then continued according to the modiﬁed RNeasy® Mini
Kit. The elution volume for mirVanaTM miRNA Isolation Kit was
100 l, for the other methods the RNA was eluted in a volume of
50 l.
2.3. RNA analyses
The RNA quality, yield, and size of exosomal and cellular total
and small RNA was analyzed using capillary electrophoresis (Agilent 2100 Bioanalyzer, Agilent Technologies, Foster City, CA, USA).
For Agilent RNA, 1 l RNA was analyzed with the Agilent RNA
6000 Nano Kit according to manufacturer’s protocol. In separate
experiments, total exosomal RNA was treated with or without
RNase A (ﬁnal concentration of 5 g/l, Fermentas, St. Leon-Rot,
Germany) for 90 min at 37 ◦ C and analyzed using the RNA 6000
Nano Kit. For the analyses of small RNA, 1 l RNA (diluted to contain 10 ng total RNA or diluted 10× for all except mirVanaTM that
was eluted in the double volume and therefore diluted 5×) was
analyzed using Agilent small RNA Kit according to manufacturer’s
protocol. Electropherograms were analyzed using the Agilent 2100
Expert B.02.07 software that includes data collection, presentation,
and interpretation functions. The cellular and exosomal RNA purity
was evaluated spectrophotometerically using a SPECTRAmax PLUS
384 spectrophotometer (Molecular Devices, Sunnyvale, CA, USA)
at the absorbance 230, 260 and 280 nm. The average A260/230
and A260/280 ratios were used to assess the presence of peptides,
phenols, aromatic compounds, or carbohydrates and proteins.
The presence of microRNA was conﬁrmed by real-time PCR.
Previously isolated total RNA, using miRCURYTM and mirVanaTM
(n = 3), was DNase treated using Turbo DNase Free kit (Ambion).
miRCURYTM LNATM micro PCR System was used for ﬁrst strand
cDNA synthesis and real-time PCR according to manufacturer’s
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Fig. 2. Flow chart over the different RNA extraction methods. RNA from cells and exosomes was isolated using the phenol based method (Trizol® ), combined phenol and
column based approaches (Trizol® followed by cleanup using the modiﬁed RNeasy® , miRNeasy and mirVanaTM ) and pure column based techniques (RNeasy® , modiﬁed
RNeasy® and miRCURYTM ).
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Table 1
RNA extraction methods evaluated.
Method

Company

Extraction technique

Trizol®
Trizol® followed by modiﬁed RNeasy® Mini Kit (cleanup)
RNeasy® Mini Kit
Modiﬁed RNeasy® Mini Kit
miRNeasy Mini Kit
miRCURYTM RNA Isolation Kit
mirVanaTM miRNA Isolation Kit

Invitrogen
Invitrogen and Qiagen
Qiagen
Qiagen
Qiagen
Exiqon
Ambion

Phenol/guanidine
Combined phenol/guanidine and column based technology
Column based technology
Column based technology
Combined phenol/guanidine and column based technology
Column based technology
Combined phenol/guanidine and column based technology

Fig. 3. Bioanalyzer analysis of cellular and exosomal total RNA. Cellular and exosomal RNA isolated with seven different methods was analyzed using RNA Nano 6000 Kit
in an Agilent 2100 Bioanalyzer. The electropherograms show the size distribution in nucleotides (nt) and ﬂuorescence intensity (FU) of total RNA in (A) cells and in (B)
exosomes. The peak at 25 nt is an internal standard. (A) In cells the most dominant peaks are 18S and 28S ribosomal RNA. The ribosomal 18S and 28S RNA is a part of the
algorithm, of which the RIN values are calculated and can be used as a measure of the RNA quality (RIN; 1 = totally degraded, 10 = intact). RNA isolated using all of the tested
methods had intact 18S and 28S ribosomal RNA, resulting in high RIN values. (B) In exosomes, the 18S and 28S ribosomal RNA peaks are not present. The electropherogram
is a representative of n = 4.

protocol (Exiqon). In brief, each cDNA synthesis was performed
in duplicates using a ﬁxed volume of total RNA, miR-451 speciﬁc
reverse primer and ﬁrst strand cDNA synthesis kit reagents and
incubated for 30 min at 50 ◦ C followed by 10 min at 85 ◦ C. Each
cDNA sample was then diluted 1:10 and used in duplicates together
with miRCURYTM LNATM SYBR® Green master mix, the Universal
primer and the LNATM PCR miR-451 speciﬁc primer. PCR was performed for 10 min at 95 ◦ C; 10 s at 95 ◦ C + 5 s at 60 ◦ C for 40 cycles
and ﬁnalized by a dissociation curve 5 s for each 0.5 ◦ C. Control samples were run in parallel. The CFX96 real-time PCR detection system
(Bio-Rad, Hercules, CA, USA) was utilized for both cDNA and realtime PCR reactions. Finally, the samples were analyzed using CFX
ManagerTM software (Bio-Rad).
3. Results
3.1. RNA quality
Cellular and exosomal RNA was extracted using seven different
RNA isolation methods (Table 1). The quality of the extracted RNA,

using the different methods, was assessed by the Bioanalyzer RNA
integrity numbers (RIN; 1 = totally degraded, 10 = intact). Since the
algorithm is based on the ribosomal RNA and exosomes contain little or no ribosomal RNA, RIN values are only valid for cellular RNA
quality assessments. The cellular RIN values were high and consistent with mean values between 8.9 and 9.8 for all the methods
evaluated (Fig. 3A and Table 2).

3.2. RNA yield
To assess the RNA yield of both exosomes and cells, total RNA
was analyzed with the RNA 6000 Nano Kit using an Agilent 2100
Bioanalyzer. The RNA yield differed substantially between the different RNA isolation methods both for cells and exosomes (Figs. 3A
and B and 4A and B). The cellular total RNA amount ranged from
2.5 ± 0.5 g (modiﬁed RNeasy® ) to 20.2 ± 4.0 g (miRCURYTM ), and
when these numbers were normalized to the donor cell number, the yield ranged from 1.0 ± 0.7 to 6.3 ± 1.1 g/million cells
(Table 2). For the exosomes, the total RNA amount ranged between

Table 2
Comparison of cellular RNA isolated using seven different RNA extraction methods.
Method
®

Trizol
Trizol® + cleanup
RNeasy®
Modiﬁed RNeasy®
miRNeasy
miRCURYTM RNA
mirVanaTM miRNA

RNA amount (g)

RNA yield (g/106 cells)

OD 260/280

OD 260/230

RIN value

14.6 (3.3)
12.3 (3.1)
13.4 (2.7)
2.5 (0.5)
11.6 (2.6)
20.2 (4.0)
17.0 (3.2)

4.3 (0.3)
3.0 (0.3)
4.6 (1.4)
1.0 (0.7)
2.9 (0.3)
6.3 (1.1)
5.5 (1.2)

2.1 (0.0)
2.2 (0.1)
2.3 (0.0)
1.9 (0.2)
1.9 (0.3)
2.0 (0.1)
1.9 (0.0)

1.8 (0.2)
2.1 (0.2)
2.6 (0.0)
1.2 (0.2)
1.5 (0.3)
2.0 (0.2)
1.8 (0.1)

9.6 (0.1)
9.9 (0.1)
9.8 (0.1)
8.9 (0.7)
9.8 (0.1)
9.7 (0.1)
9.8 (0.0)

Cellular RNA extracted using seven different methods was analyzed using RNA Nano 6000 Kit in an Agilent 2100 Bioanalyzer. From the analysis, RNA amount, RNA yield and
RNA Integrity (RIN) values were obtained. Furthermore, the RNA purity was evaluated spectrophotometerically at the absorbance 230, 260 and 280 nm. The analysis was
done using RNA extracted from 2 to 4 million cells in at least three independent experiments. Mean values are shown with standard error of the mean reported in parenthesis.
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isolation methods were shown to extract RNA with a broad size
distribution. The miRNeasy and mirVanaTM were shown to be relatively more efﬁcient at extracting small RNA rather than total
RNA compared to the other methods evaluated. The Trizol® and
Trizol® + cleanup showed no difference in RNA size pattern compared to each other, but compared to RNeasy® , modiﬁed RNeasy®
and miRCURYTM these showed a more narrow size distribution
pattern, favoring somewhat small RNAs.
3.4. Assessment of RNA purity
Cellular RNA purity was evaluated spectrophotometerically
at the absorbance 230, 260 and 280 nm (Table 2), were low
A260/280 (<1.8) and A260/230 (<2.0) ratios indicate contamination. The purity as assessed by the average A260/280 ratio was
high for all methods (1.9 ± 0.3–2.3 ± 0.0). However, Trizol® , modiﬁed RNeasy® , miRNeasy and mirVanaTM showed lower average
A260/230 ratios (1.8 ± 0.2, 1.2 ± 0.2, 1.5 ± 0.3 and 1.8 ± 0.1) compared to the other three methods as shown in Table 2. To further
examine whether the difference in exosomal RNA size distribution
was due to real differences in RNA content and not due to DNA
contamination, the RNA samples were treated with RNase prior to
analysis in the Bioanalyzer. This revealed that most or all of the
nucleic acid was degraded upon RNase treatment indicating the
presence of RNA and not a DNA contamination (Fig. 5A–G).
3.5. Analysis of small RNA including microRNA

Fig. 4. Exosomal and cellular RNA yield. The yield of (A) cellular (g/106 cells)
and (B) exosomal (ng/106 donor cells) RNA for the different extraction methods,
was determined using RNA Nano 6000 Kit in an Agilent 2100 Bioanalyzer. Data is
presented as mean values for each method (n = 3–4) with SEM.

2.0 ± 0.7 g (miRNeasy) and 21.8 ± 5.1 g (miRCURYTM ), and when
these numbers were normalized to the donor cell number, the
yield ranged from 13.0 ± 7.7 to 107.7 ± 25.7 ng/million donor cells
(Table 3). For both cells and exosomes the miRCURYTM resulted in
the highest total RNA yield. The Trizol® , miRNeasy and mirVanaTM
showed the lowest total RNA yield in exosomes, while the modiﬁed
RNeasy® showed the lowest yield in cells.
3.3. RNA size distribution
Bioanalyzer electropherograms of exosomal RNA patterns illustrated substantial differences in the relative presence of smaller
and larger RNA molecules, depending on the method used (Fig. 3B).
In short, the RNeasy® , modiﬁed RNeasy® and miRCURYTM RNA
Table 3
Comparison of exosomal RNA isolated using seven different RNA extraction
methods.
Method

RNA amount (g)

RNA yield (ng/106 donor
cells)

Trizol®
Trizol® + cleanup
RNeasy®
Modiﬁed RNeasy
miRNeasy
miRCURYTM RNA
mirVanaTM miRNA

6.4 (3.4)
11.3 (3.4)
15.2 (1.9)
13.6 (1.8)
2.0 (0.7)
21.8 (5.1)
5.0 (1.6)

24.1 (8.3)
41.3 (6.6)
82.8 (27.1)
75.7 (27.6)
13.0 (7.7)
107.7 (25.7)
33.1 (17.7)

Exosomal RNA amount and yield calculated from the results obtained from the Bioanalyzer analysis using Agilent RNA Nano 6000 Kit. The exosomes were obtained
from 85 ml mast cell cultures containing 100–340 million cells. The analysis was
done using RNA extracted from at least three independent experiments. Mean values
are shown with standard error of the mean reported in parenthesis.

Furthermore, we investigated the ability of the different RNA
isolation methods to extract small RNA, including microRNA, in
exosomes and cells using the small RNA kit in the Bioanalyzer
instrument. The small RNA kit analyses only small RNA in the interval of 6–150 nucleotides, including the microRNA region in the
size between 10 and 40 nucleotides. Since this kit has a maximum capacity of 100 ng/l, the RNA samples were diluted 10 times
prior to the analysis, which resulted in a concentration between 4
and 44 ng/l. The analysis of small RNA in cells revealed that all
methods extracted small RNA including the size of microRNA with
equal ability, with the exception of RNeasy® , which only extracted
the larger small RNAs (data not shown). In exosomes, all methods extracted small RNA in the size interval of 6–150 nucleotides
(Fig. 6A). Unexpectedly, this was also true for the RNeasy® , which
is supposed to extract primarily larger RNAs and not smaller RNAs,
although it did not extract the RNA molecules with the shortest
nucleotides successfully. The modiﬁed RNeasy® method extracted
small RNA, including the size of microRNA, but not to the same
extent as the other extraction methods. Extraction of exosomal RNA
using Trizol® and miRCURYTM resulted in the highest yield of small
RNA. To determine the relative amount of small RNA extracted
by the different methods, the Agilent Bioanalyzer chip was loaded
with the same amount of total RNA, regardless of their total yield
(Fig. 6B). This experiment conﬁrmed the variation in RNA distribution depending on the extraction method used. The relative amount
of small RNA extracted using miRNeasy and mirVanaTM was higher
compared to the other methods, and their patterns were very similar. The Trizol® method also resulted in very similar patterns with
Trizol® + cleanup, but with relatively less small RNA than miRNeasy
and mirVanaTM .
To conﬁrm the presence and amount of microRNA, real-time
PCR was performed. For this analysis, one pure column based
method (miRCURYTM ) and one combined phenol and column based
extraction method (mirVanaTM ), were selected on the basis of their
difference in RNA pattern and yield (Figs. 6A and 7A and B). Based
on previous microarray analysis, miR-451 was selected for analysis (Valadi et al., 2007). The result showed that both extraction
techniques isolated miR-451, however RNA extraction with the
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Fig. 5. Effects of RNase treatment of extracted exosomal RNA. Electropherograms of representative Agilent 2100 Bioanalyzer data of exosomal RNA extracted with the seven
methods (A) Trizol® , (B) Trizol® followed by cleanup, (C) RNeasy® , (D) modiﬁed RNeasy® , (E) miRNeasy, (F) miRCURYTM and (G) mirVanaTM , treated with 5 g/l RNase A
(blue peak) or vehicle (red peak) for 90 min at 37 ◦ C. The RNase treatment resulted in elimination of the peak in the electropherogram, arguing that the Bioanalyzer peak is
indeed RNA and not due to other contaminants such as DNA.

pure column based method resulted in a higher yield compared to
the combined phenol and column based method (mean C(t) value
33.6 ± 0.4 and 36.4 ± 1.4).
4. Discussion
In this unique study we have evaluated seven different RNA
isolation methods, based on different extraction techniques from

four different companies, to determine their efﬁciency in extracting primarily exosomal RNA. Exosomal RNA from different cellular
sources has been described in a number of studies with varying
RNA patterns, which may be explained by the cellular origin or
extraction method. Thus, there is a need to standardize the methodology to isolate RNA from exosomes. We focused this study on the
quality, yield, size distribution, purity and analysis of small RNA
including microRNA in mast cell exosomes and their donor cells.
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Fig. 6. Bioanalyzer analysis of exosomal small RNA. Total exosomal RNA was extracted using seven different RNA isolation methods and analyzed using small RNA Kit in an
Agilent 2100 Bioanalyzer. The representative electropherograms show the size distribution of small RNA in the interval of 6–150 nucleotides, including the microRNA in the
sizes between 10 and 40 nucleotides in (A) 10× diluted samples and (B) 10 ng total RNA. To determine the relative amount of small RNA extracted by the different methods,
the same amount of total RNA was loaded, regardless of their total yield (Fig. 2B).

Fig. 7. Real-time PCR analysis of exosomal microRNA. The presence of miR-451 in exosomal total RNA, extracted using miRCURYTM and miRVANATM , was conﬁrmed by
real-time PCR n = 3. (A) miRCURYTM shows a higher miR-451 expression compared to (B) mirVanaTM as seen by the C(t) mean values in all three replicas.

Furthermore, this study only evaluates the RNA extraction using
the different methods from MC/9 cells and exosomes, as we are
interested if the differences in RNA patterns depend on the method
used. The determination of the different methods ability to extract
RNA from different cellular and exosomal origins are beyond the
scope of this paper and are therefore not evaluated.
The quality of the extracted RNA using the different methods
was assessed by the Bioanalyzer using the RIN values, where a
high value indicates high quality. This algorithm can only be used
when analyzing cellular RNA, since the ribosomal RNA peaks are an
integral part of this algorithm and exosomes do not contain these
ribosomal RNA peaks. For all the methods evaluated, the cellular
RIN values were high and consistent, indicating that the extracted
cellular RNA is of high quality. Based on the cellular RIN values,
we also assume that the exosomal RNA is of high quality, since the
experiments were performed in parallel. Therefore, the cellular RIN
values are also used as a reference of the exosomal RNA quality.
Importantly, the RNA yield differed substantially between the
different RNA isolation methods for both cells and exosomes. For

both cells and exosomes the miRCURYTM showed the highest total
RNA yield. The Trizol® , miRNeasy and mirVanaTM showed the
lowest total RNA yield in exosomes, while the modiﬁed RNeasy®
showed the lowest yield in cells. Interestingly, the methods that
showed the lowest yield in exosomes are all phenol-based (including the combined phenol and column based techniques), while
the methods that showed the highest yield were all column based
approaches. However, this difference between the phenol and
column based techniques were not seen in the cellular RNA extractions. Importantly, the column based miRCURYTM showed the
highest RNA yield, both in exosomes and in cells, suggesting good
lysing ability and/or RNA binding and elution capacity of the column. The difference in RNA yield between exosomes and cells, may
be explained by a more rigid membrane in exosomes due to the
difference in lipid composition of the cellular and exosomal membranes, such as enrichment in sphingomyelin and cholesterol in
exosomes resulting in incomplete lysing of the exosomes using the
phenol based approaches (Laulagnier et al., 2004; Trajkovic et al.,
2008). However, this is above the scope of this study and needs to
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be further evaluated. Importantly, the aim of this study was not to
compare exosomes and cells, but rather to ﬁnd a method suitable
for both.
Moreover, Bioanalyzer electropherograms of exosomal RNA
patterns illustrates a substantial difference in the relative presence of smaller and larger RNA molecules depending on the method
used. In short, the three column based RNA extraction techniques
were shown to extract RNA with a broad size distribution. The
pure phenol and the combined phenol and column based extraction
techniques were shown to be relatively more efﬁcient at extracting small RNA rather than total RNA, compared to the column based
methods. In cells, this difference can be hard to detect as the high
ribosomal RNA content masks the mRNA and small RNA expression.
Exosomes may therefore be a good tool when evaluating a RNA
extraction methods ability to extract total RNA, including mRNA
and small RNA.
Furthermore, to examine the purity of the RNA isolated with the
different methods, spectrophotometer measurement at 230, 260
and 280 nm was performed. The ratio between the absorbance at
260 and 280 nm is used to evaluate the purity of nucleic acids, a ratio
lower than 1.8 may indicate the presence of proteins and peptides
absorbing at 280 nm. In addition, a ratio lower than 2.0 between
the 260 and 230 nm absorbance may indicate contamination by
peptides, phenols, aromatic compounds or carbohydrates.
All of the methods evaluated were shown to be clear of protein and peptide contaminants, as the A260/280 ratios were high
(≥1.9) for all methods. Also, the A260/230 ratio was high for
the combined method Trizol® + cleanup, and the column based
RNeasy® and miRCURYTM indicating pure samples. However, the
A260/230 ratio was low for Trizol® , modiﬁed RNeasy® , miRNeasy
and mirVanaTM miRNA indicating a contamination of these samples. This contamination may potentially be from phenol/guanidine
due to inadequate washing steps. Interestingly, the modiﬁed
RNeasy® showed much lower A260/230 compared with the original RNeasy® method. The difference between these methods is
primarily an increased amount and concentration of ethanol, which
is supposed to favor the isolation of small RNA but seem to result
in insufﬁcient washing of the RNA samples.
To further examine whether the difference in exosomal RNA size
distribution was inﬂuenced by any contamination, we treated the
RNA samples with RNase prior to analysis in the Bioanalyzer. This
revealed that most or all of the RNA was degraded upon RNase treatment, demonstrating that the difference in exosomal RNA pattern
between the different methods is not due to contamination, but
rather due to true differences in RNA patterns.
Furthermore, we investigated the ability of the different RNA
isolation methods to extract small RNA, including microRNA. For
this purpose we compared equal volume total RNA from the
seven different RNA isolation methods. For exosomes, all methods
extracted small RNA in the size interval of 6–150 nt. Unexpectedly,
this was also true for the column based technique RNeasy® , which
is supposed to extract primarily larger RNAs and not smaller RNAs,
although it did not extract the RNA molecules with the shortest
nucleotides successfully. The modiﬁed RNeasy® method (column
based technology) extracted small RNA, including microRNA, but
not to the same extent as the other extraction methods, more specialized at small RNA. Extraction of exosomal RNA using Trizol®
(phenol based technology) and miRCURYTM (column based technology) resulted in the highest yield of small RNA. For miRCURYTM
this was not unexpected, since it also extracted the highest amount
of total RNA in a wide size distribution.
To determine the relative amount of small RNA extracted by
the different methods, we loaded the Bioanalyzer instrument with
the same amount of total RNA, regardless of their total yield. This
experiment conﬁrmed the extensive differences in distribution
depending on the extraction method used. For example, the relative
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amount of small RNA extracted using the combined phenol and
column based techniques, miRNeasy and mirVanaTM , was higher
compared to the other methods, and their patterns were very similar. The phenol based extraction technique Trizol® also resulted
in very similar patterns with Trizol® + cleanup (combined phenol
and column based technology), but with relatively less small RNA
compared to miRNeasy and mirVanaTM . The analysis of small RNA
in cells revealed that all methods extracted small RNA including
microRNA with equal ability, with the exception of RNeasy® ,
which only extracted the larger small RNAs (data not shown).
As mentioned above, all methods isolated RNA containing small
RNA as shown in the electropherograms (Fig. 6A and B). This
however does not show whether the different samples contain
microRNA. To conﬁrm the presence of microRNA, real-time PCR was
performed. For this analysis, the two contrasting methods, the pure
column based method (miRCURYTM ) and the combined phenol and
column based method (mirVanaTM ), were chosen. The microRNA
primer miR-451 was chosen based on our previous study, (Valadi
et al., 2007) where it was shown to be one of the highest expressed
microRNAs. In the electropherogram (Fig. 6A) the two methods
were shown to extract small RNA in the size of microRNA. Using
real-time PCR, we conﬁrmed the presence of microRNA by looking
speciﬁcally on miR-451. However, it is worth mentioning that usually a ﬁxed concentration of RNA is used for cDNA synthesis and not
a ﬁxed volume as we used in this study. We choose to use a ﬁxed
volume as this better compares the two methods as using a ﬁxed
concentration regulates for the differences in amount. Importantly,
a ﬁxed concentration is usually used when comparing two different
samples. In this case it is important to bear in mind that the normalization occurs when the exosomal sample is divided into seven
equal samples. Hence, we are comparing the same sample but with
two different methods. In addition this experiment was performed
to validate the existence of microRNA in the two different isolation
methods.
5. Summary
In conclusion, in this study we present a unique comparison
of seven different methods for extraction of exosomal RNA. The
methods were evaluated for their ability to extract exosomal RNA,
with special focus on RNA quality, yield, size distribution, purity
and analysis of small RNA. All tested methods extract RNA with
high quality but with huge variation in yield and size distribution
of exosomal RNA, even though the exosomes were harvested from
the same cell cultures. As the different isolation methods give such
an extensive variation in exosomal RNA yield and pattern, it is of
great importance to choose the method carefully depending on the
research question at hand, since one method can show enrichment
in small RNA whereas another will show a broader RNA distribution. This is especially important in exosome research, since the
quantity of exosomes harvested from different body ﬂuids or cell
cultures is often relatively limited.
Funding
This study was funded by the Swedish Research Council, Herman
Krefting Foundation against Asthma Allergy, and the VBG GROUP
CENTRE for Asthma and Allergy Research at University of Gothenburg. The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.
Competing interests
JL is the majority owner of a patent relating to the use of exosomes for transfer of nucleic acids (International Application No.:

286

M. Eldh et al. / Molecular Immunology 50 (2012) 278–286

PCT/SE2007/050298; Publication Date: 08.11.2007). The authors
declare that there are no further ﬁnancial, personal, or professional
interests that could be construed to have inﬂuenced the paper.
References
Admyre, C., Grunewald, J., Thyberg, J., Gripenback, S., Tornling, G., Eklund, A.,
Scheynius, A., Gabrielsson, S., 2003. Exosomes with major histocompatibility
complex class II and co-stimulatory molecules are present in human BAL ﬂuid.
Eur. Respir. J. 22, 578–583.
Admyre, C., Johansson, S.M., Qazi, K.R., Filen, J.-J., Lahesmaa, R., Norman, M., Neve,
E.P.A., Scheynius, A., Gabrielsson, S., 2007. Exosomes with immune modulatory
features are present in human breast milk. J. Immunol. 179, 1969–1978.
Caby, M.-P., Lankar, D., Vincendeau-Scherrer, C., Raposo, G., Bonnerot, C., 2005.
Exosomal-like vesicles are present in human blood plasma. Int. Immunol. 17,
879–887.
Kesimer, M., Scull, M., Brighton, B., DeMaria, G., Burns, K., O’Neal, W., Pickles, R.J.,
Sheehan, J.K., 2009. Characterization of exosome-like vesicles released from
human tracheobronchial ciliated epithelium: a possible role in innate defense.
FASEB J. 23, 1858–1868.
Kogure, T., Lin, W.-L., Yan, I.K., Braconi, C., Patel, T., 2011. Intercellular nanovesiclemediated microRNA transfer: a mechanism of environmental modulation of
hepatocellular cancer cell growth. Hepatology 54, 1237–1248.
Kosaka, N., Yoshioka, I.H.Y., Takeshita, F., Matsuki, Y., Ochiya, T., 2010. Secretory
mechanisms and intercellular transfer of microRNAs in living cells. J. Biol. Chem.
285, 17442–17452.
Laulagnier, K., Claude, M., Safouane, H., Sébastien, R., Fauvelle, F., Pageaux, J.-F.T.,
Kobayashi, O., Salles, J.-P., Perret, B., Bonnerot, C., Record, M., 2004. Mast celland dendritic cell-derived exosomes display a speciﬁc lipid composition and an
unusual membrane organization. Biochem. J. 380, 161–171.
Michael, A., Bajracharya, S.D., Yuen, P.S., Zhou, H., Star, R.A., Illei, G.G., Alevizos, I.,
2010. Exosomes from human saliva as a source of microRNA biomarkers. Oral
Dis. 16, 34–38.
Mitchell, P.J., Welton, J., Staffurth, J., Court, J., Mason, M.D., Tabi, Z., Clayton, A., 2009.
Can urinary exosomes act as treatment response markers in prostate cancer? J.
Transl. Med. 7.
Montecalvo, A., Larregina, A.T., Shufesky, W.J., Beer Stolz, D., Sullivan, M.L., Karlsson, J.M., Baty, C.J., Gibson, G.A., Erdos, G., Wang, Z., Milosevic, J., Tkacheva, O.A.,
Divito, S.J., Jordan, R., Lyons-Weiler, J., Watkins, S.C., Morelli, A.E., 2012. Mechanism of transfer of functional microRNAs between mouse dendritic cells via
exosomes. Blood. 119, 756–766.

Ohshima, K., Inoue, K., Fujiwara, A., Hatakeyama, K., Kanto, K., Watanabe, Y., Muramatsu, K., Fukuda, Y., Ogura, S.-i., Yamaguchi, K., Mochizuki, T., 2010. Let-7
microRNA family is selectively secreted into the extracellular environment via
exosomes in a metastatic gastric cancer cell line. PLoS ONE 5, e13247.
Palanisamy, V., Sharma, S., Deshpande, A., Zhou, H., Gimzewski, J., Wong, D.T., 2010.
Nanostructural and transcriptomic analyses of human saliva derived exosomes.
PLoS ONE 5, e8577.
Pegtel, D.M., Cosmopoulos, K., Thorley-Lawson, D.A., van Eijndhoven, M.A.J., Hopmans, E.S., Lindenberg, J.L., de Gruijl, T.D., Würdinger, T., Middeldorp, J.M., 2010.
Functional delivery of viral miRNAs via exosomes. Proc. Natl. Acad. Sci. U.S.A.
107, 6328–6333.
Pisitkun, T., Shen, R.-F., Knepper, M.A., 2004. Identiﬁcation and proteomic proﬁling
of exosomes in human urine. PNAS 101, 13368–13373.
Raposo, G., Tenza, D., Mecheri, S., Peronet, R., Bonnerot, C., Desaymard, C., 1997.
Accumulation of major histocompatibility complex class II molecules in mast
cell secretory granules and their release upon degranulation. Mol. Biol. Cell 8,
2631–2645.
Skog, J., Wurdinger, T., van Rijn, S., Meijer, D.H., Gainche, L., Curry, W.T., Carter,
B.S., Krichevsky, A.M., Breakeﬁeld, X.O., 2008. Glioblastoma microvesicles transport RNA and proteins that promote tumour growth and provide diagnostic
biomarkers. Nat. Cell Biol. 10, 1470–1476.
Taylor, D.D., Gercel-Taylor, C., 2008. MicroRNA signatures of tumor-derived exosomes as diagnostic biomarkers of ovarian cancer. Gynecol. Oncol. 110,
13–21.
Thery, C., Ostrowski, M., Segura, E., 2009. Membrane vesicles as conveyors of
immune responses. Nat. Rev. Immunol. 9, 581–593.
Thery, C., Regnault, A., Garin, J., Wolfers, J., Zitvogel, L., Ricciardi-Castagnoli, P.,
Raposo, G., Amigorena, S., 1999. Molecular characterization of dendritic cellderived exosomes: selective accumulation of the heat shock protein hsc73. J.
Cell Biol. 147, 599–610.
Trajkovic, K., Hsu, C., Chiantia, S., Rajendran, L., Wenzel, D., Wieland, F., Schwille, P.,
Brügger, B., Simons, M., 2008. Ceramide triggers budding of exosome vesicles
into multivesicular endosomes. Science. 319, 1244–1247.
Valadi, H., Ekstrom, K., Bossios, A., Sjostrand, M., Lee, J.J., Lotvall, J.O., 2007. Exosomemediated transfer of mRNAs and microRNAs is a novel mechanism of genetic
exchange between cells. Nat. Cell Biol. 9, 654–659.
Van Niel, G., Raposo, G., Candalh, C., Boussac, M., Hershberg, R., Cerf-Bensussan,
N., Heyman, M., 2001. Intestinal epithelial cells secrete exosome-like vesicles.
Gastroenterology 121, 337–349.
Wolfers, J., Lozier, A., Raposo, G., Regnault, A., Théry, C., Masurier, C., Flament, C.,
Pouzieux, S., Faure, F., Tursz, T., Angevin, E., Amigorena, S., Zitvogel, L., 2001.
Tumor-derived exosomes are a source of shared tumor rejection antigens for
CTL cross-priming. Nat. Med. 7, 297–303.

