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Abstract

these exosomes can be taken up by macrophages.

MIiCroscopy.

human macrophages.

Background: Exosomes are 30-100 nm membrane vesicles of endocytic origin produced by numerous cells. They
can mediate diverse biological functions, including antigen presentation. Exosomes have recently been shown to
contain functional RNA, which can be delivered to other cells. Exosomes may thus mediate biological functions
either by surface-to-surface interactions with cells, or by the delivery of functional RNA to cells. Our aim was
therefore to determine the presence of RNA in exosomes from human saliva, plasma and breast milk and whether

Method: Exosomes were purified from human saliva, plasma and breast milk using ultracentrifugation and filtration
steps. Exosomes were detected by electron microscopy and examined by flow cytometry. Flow cytometry was
performed by capturing the exosomes on anti-MHC class Il coated beads, and further stain with anti-CD9, anti-
CD63 or anti-CD81. Breast milk exosomes were further analysed for the presence of Hsc70, CD81 and calnexin by
Western blot. Total RNA was detected with a Bioanalyzer and mRNA was identified by the synthesis of cDNA using
an oligo (dT) primer and analysed with a Bioanalyzer. The uptake of PKH67-labelled saliva and breast milk
exosomes by macrophages was examined by measuring fluorescence using flow cytometry and fluorescence

Results: RNA was detected in exosomes from all three body fluids. A portion of the detected RNA in plasma
exosomes was characterised as mRNA. Our result extends the characterisation of exosomes in healthy humans and
confirms the presence of RNA in human saliva and plasma exosomes and reports for the first time the presence of
RNA in breast milk exosomes. Our results also show that the saliva and breast milk exosomes can be taken up by

Conclusions: Exosomes in saliva, plasma and breast milk all contain RNA, confirming previous findings that
exosomes from several sources contain RNA. Furthermore, exosomes are readily taken up by macrophages,
supporting the notion that exosomal RNA can be shuttled between cells.

Background

Exosomes are small membrane vesicles (30-100 nm) of
endocytic origin that are released from the producing
cell into the extracellular environment [1]. Many cells in
the body have the capacity to produce and release exo-
somes to their surrounding environment, including den-
dritic cells, B cells, T cells, mast cells, tumour cells and
epithelial cells [2-7]. Exosomes are also present in
body fluids including plasma, urine, saliva, malignant
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effusions, synovial fluid, breast milk, bronchoalveolar
lavage fluid and epididymal fluid [8-15] indicating
importance in vivo. Until now, exosomes have been
implicated primarily in antigen presentation, as they
often express several proteins involved in cell adhesion
and co-stimulation including ICAM-1, CD86, CD63 and
CD82, MHC class I and MHC class II [1]. These immu-
nological functions have led to the development of
anti-tumour vaccines based on exosomes, which are
currently in early clinical development [16,17].
Exosomes have been proposed to signal by both the
binding to cell surface receptors through adhesion mole-
cules [3] and by fusion with or internalisation by the
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recipient cell, potentially donating their own cytoplasm to
the recipient cell [18,19]. The latter implies that exosomes
may have mechanisms that are different to their function
in the immune system. We have recently discovered sub-
stantial amounts of RNA in exosomes derived from mast
cells [20], which have the capacity to donate their RNA to
other cells and can subsequently affect the protein produc-
tion of a recipient cell. This argues that RNA can be trans-
ferred between mammalian cells by an extracellular
exosome based transport mechanism, which has vast
implications in the understanding of cell communication,
regulation and signalling, in addition to extensive thera-
peutic potential in many diseases. Therefore, studies to
determine the presence of RNA in exosomes harvested
from humans in vivo are of high priority.

As human plasma, saliva and breast milk all contain
exosomes [8,12,15], the aims of the current study were
to determine whether these exosomes contain RNA and
whether they can be taken up by other cells, which
would support the concept that shuttling of RNA may
occur in humans.

Methods

Exosome purification from saliva

Saliva from healthy humans was collected in Falcon tubes
on ice, during a period of no eating or drinking and pooled
together. For the RNA isolation experiment, 100 pl of the
protease inhibitor Complete Mini (Roche Diagnostics
Scandinavia AB, Bromma, Sweden) and 800 units of
RNase inhibitor RiboLock Ribonuclease Inhibitor (Fer-
mentas, St. Leon-Rot, Germany) were added per 20 ml of
saliva. For the flow cytometry, electron microscopy and
uptake experiments no inhibitors were added to the tubes.
The saliva was diluted 1:1 with phosphate buffered saline
(PBS) and centrifuged at 16 500 x g for 20 min to remove
cells and debris. The supernatant was filtered through a
0.2 um VWR® Vacuum Filtration System (VWR Interna-
tional, West Chester, PA, USA), before ultracentrifugation
(Ti70 or Ti45 rotor, Beckman Coulter, Brea, CA, USA) at
120 000 x g for 70 min to pellet the exosomes.

Exosome purification from blood plasma

A volume of 450-500 ml of blood was collected from
donors. Plasma was derived from heparinised blood by
centrifugation at 1 800 x g for 10 min. Further centrifu-
gation at 29 500 x g for 20 min was performed to pellet
any remaining cells and debris. The supernatant was
then filtered through a 0.2 pm VWR®™ Vacuum Filtration
System, followed by ultracentrifugation at 120 000 x g for
90 min to pellet the exosomes.

Exosome purification from breast milk
Human breast milk was collected from healthy mothers,
immediately stored at -20°C and later transferred to the
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laboratory and stored at -80 °C. To remove cells and
debris, the breast milk was first centrifuged at 300 x g
for 10 min, followed by centrifugation at 16 500 x g for
20 min. The supernatant was then filtered through a
0.2 um VWR®™ Vacuum Filtration System, followed by
ultracentrifugation at 120 000 x g for 70 min to pellet
the exosomes.

Electron microscopy

Exosomes from saliva, plasma and breast milk were
isolated as described above, washed in PBS to further
purify the sample, filtered, and ultracentrifuged again at
120 000 x g for 70 min to re-pellet the exosomes. The
exosome pellet was resuspended in PBS and loaded onto
formvar carbon coated grids (Ted Pella Inc, Redding,
USA). Next, the exosomes were fixed in 2% paraformalde-
hyde and washed. The exosomes were immunostained
with anti-CD63 antibody (BD Bioscience, Erembodegem,
Belgium) or isotype control (Sigma-Aldrich, St Louis, MO,
USA), followed by staining with a 10 nm gold-labelled
secondary antibody (Sigma-Aldrich). The exosomes were
subsequently fixed in 2.5% glutaraldehyde, washed, con-
trasted in 2% uranyl acetate and embedded in a mixture
of uranyl acetate (0.8%) and methyl cellulose (0.13%).
The preparations were examined in a LEO 912AB
Omega electron microscope (Carl Zeiss NTS, Jena,
Germany).

Flow cytometry of exosomes

Isolated saliva, plasma or breast milk exosomes were
resuspended in PBS and loaded onto anti-MHC class II
coated beads (custom-made by Dynal, part of Invitrogen
Ltd, Paisley, UK). The anti-MHC class II coated beads
(8 x 10*) were mixed with a minimum of 50 pg of exo-
somal protein, before being incubated overnight at 4°C
with gentle agitation. The bead-exosome complexes
were washed twice in PBS with 3% Fetal Bovine Serum
(FBS). Prior to use, the FBS was ultracentrifuged at
120 000 x g for 1.5 hours, to eliminate serum exosomes.
The bead-exosome complexes were resuspended in IgG
(Sigma-Aldrich) and incubated for 15 min at room tem-
perature, before being washed twice more, as above.
The tetraspanins CD9, CD63 and CD81, known to be
enriched in exosomes, were used as markers for exo-
somes. The bead-exosome complexes were incubated
with PE-labelled anti-CD9 (clone M-L13), anti-CD63
(clone H5C6), anti-CD81 (clone JS-81) or the corre-
sponding isotype control (all antibodies were from BD
Biosciences) for 40 min at room temperature with agita-
tion and washed three times before analysis. As a con-
trol for unspecific binding of the antibodies to the
beads, beads were stained with all three antibodies with-
out the addition of exosomes and showed no difference
when compared to exosome coated beads stained with
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the isotype control. The samples were then acquired in
a FACScan or FACSAria (BD Biosciences) and analysed
using the FlowJo Software (Tri Star Inc, Ashland,
OR, USA).

Western blot analysis of breast milk exosomal proteins
Isolated breast milk exosomes were re-suspended in PBS
and ultracentrifuged at 120 000 x g for 70 min to be re-
pelleted before dissolved in ProteoJET Mammalian Cell
Lysis Reagent (Fermentas). For extraction of total pro-
tein, the sample was incubated at room temperature for
10 min on a shaker, sonicated for 5 min and vortexed,
before being centrifuged at 13 000 x g for 10 min. The
protein content of the supernatant was measured with a
spectrophotometer at 750 nm utilising the D, Protein
Assay reagent A and B (Bio-Rad Laboratories, Hercules,
CA, USA). 100 pg proteins from the supernatant were
loaded per well onto a 10% acrylamide gel. Monocyte
derived macrophages from buffy coat were used as a
control. The proteins were blotted onto a nitrocellulose
membrane (Bio-Rad Laboratories) overnight at 4°C. The
membrane was blocked with 0.5% Blotting Grade
Blocker Non-Fat Dry Milk (Bio-Rad Laboratories) in
TBS for 2 h, before washed 3 x 5 min in TBS-Tween
(used for all the washes throughout the Western blot
experiment). The membrane was then incubated with
either anti-calnexin (1:1000) (Santa Cruz Biotechnology,
Santa Cruz, CA, USA), anti-Hsc70 (1:1000) (Enzo Life
Science, Farmingdale, NY, USA) or anti-CD81 (1:800)
(Santa Cruz) diluted in 0.25% non-fat dry milk in TBS-
Tween for 2 h. The membrane was washed 3 x 5 min
before incubated with the secondary antibody for 2 h.
The secondary antibodies used were goat F(ab), anti-
rabbit IgG (HRP conjugated) for the calnexin and CD81
(1:5000) (Harlan Sera-Lab, Loughborough, UK) and rab-
bit F(ab), anti-Rat IgG (HRP conjugated) for the Hsc70
(1:4000) (Southern Biotech, Birmingham, AL, USA)
diluted in 0.25% non-fat dry milk powder in TBS-
Tween. The membrane was washed 3 x 5 min, before
being analysed with the Amersham™ ECL Plus™
Western Blotting Detection System (GE Healthcare,
Uppsala, Sweden) and a VersaDoc 4000 MP (Bio-Rad
Laboratories).

RNA isolation and detection

RNA was isolated using Trizol® (Invitrogen) according
to the manufacturer’s protocol and dissolved in DEPC
H,O (Fermentas). For detection of RNA, an Agilent
2100 Bioanalyzer (Agilent Technologies Sweden AB,
Kista, Sweden) was utilised for all samples. The exoso-
mal RNA was compared with cellular RNA from the
human mast cell line HMC-1. The HMC-1 cells (Dr J.
Butterfield, Mayo Clinic, Rochester, MN, USA) were
cultured in a 37°C humidified incubator with 5% CO,,
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in complete medium consisting of Iscove’s Modified
Dulbecco’s Medium (IMDM) supplemented with 10%
EBS, 100 units/ml penicillin, 100 pg/ml streptomycin,
2 mM L-glutamine and 1.2 mM/ml alfa-thioglycerol (all
reagents from Sigma-Aldrich).

For the detection of mRNA in exosomes, the total
RNA isolated was converted to cDNA using Rever-
tAid™ H Minus First Strand cDNA Synthesis Kit (Fer-
mentas) and the oligo (dT) primer. The second strand
of the cDNA was synthesised by adding 10 ul of 10 x
DNA polymerase 1 reaction buffer, 4 ul of DNA poly-
merase 1, 5 pl of T4 DNA ligase and 61 pl of DEPC
water (all reagents were from Fermentas) to the first
strand of ¢cDNA product. The sample was incubated at
14°C for 2 h before the reaction was stopped by incuba-
tion at 70°C for 10 min. The detection of cDNA was
performed using a Bioanalyzer.

Exosome staining

Saliva and breast milk exosomes were isolated as
described above, and further purified by being dissolved
in PBS and ultracentrifuged at 120 000 x g for 70 min.
The exosomes were labelled with PKH67 Green Fluores-
cent Cell Linker Kit for General Cell Membrane Label-
ling (Sigma-Aldrich) according to the manufacturer’s
protocol, with minor modifications in the washing pro-
cess. Briefly, the exosomes were diluted in PBS before
1 ml of Diluent C was added. As a control, 1 ml of
Diluent C with the same volume of PBS was used. 4 pl
of PKH67 dye was added to 1 ml of Diluent C before
being added to the exosomes and the control. The sam-
ples were mixed gently for 4 min before 2 ml of 1%
BSA was added to bind the excess dye. The samples
were then transferred to 300 kDa Vivaspin filters (Sar-
torius Stedim Biotech GmbH, Goettingen, Germany)
and centrifuged at 4000 x g. The sample were washed
3 times with 5 ml of PBS before being transferred to
new 300 kDa Vivaspin filters and washed twice with
5 ml IMDM (Sigma-Aldrich).

Uptake of saliva and breast milk exosomes by
macrophages

Peripheral mononuclear cells (PBMCs) were isolated
from buffy coat using Leucosep” Tubes (Greiner Bio-
One GmbH, Frickenhausen, Germany), according to the
manufacturer’s protocol. The PBMCs were washed
repeatedly with 2 mM EDTA in PBS, before being dis-
solved in 0.5% BSA and 2 mM EDTA in PBS. Mono-
cytes were isolated from PBMCs using a Monocyte
Isolation Kit II (Miltenyi Biotec Gmbh, Bergisch Glag-
bach, Germany) according to the manufacturer’s proto-
col. The purity of the monocytes was determined with a
FACSAria by the detection of CD14 (clone M®P9,
BD Biosciences). To allow for differentiation into
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macrophages, the monocytes were cultured for 7 days in
a 37°C humidified incubator with 5% CO,, in complete
medium consisting of IMDM supplemented with 10%
FBS, 100 units/ml penicillin, 100 pg/ml streptomycin,
2 mM L-glutamine, 110 pg/ml sodium pyruvate
(all reagents were from Sigma-Aldrich) and 10 ng/ml
GM-CSF (R&D Systems, Minneapolis, MN, USA). The
FBS was ultracentrifuged prior to use to eliminate
serum exosomes. For analysis with flow cytometry cells
were cultured in 96-well plates and for fluorescence
microscopy, the cells were cultured in 8-well Permanox
Slides (Thermo Fisher Scientific, New York, USA).

10 pg of the PKH67 labelled exosomes or the same
volume of the PKH67-PBS control was added per
200 000 macrophages and incubated for 2 h at either
37°C or 4°C. The binding of the exosomes to the macro-
phages was analysed with a FACSAria and visualised
with fluorescence microscope (Zeiss Axioplan 2, Carl
Zeiss, Jena, Germany). For analysis with flow cytometry
the cells were washed twice with PBS, treated with a
0.25% trypsin-EDTA solution (Sigma-Aldrich) and
washed twice with 1% FBS in PBS before acquired in
FACSAria and analysed with FlowJo software. For fluor-
escence microscopy, the cells were washed twice with
PBS, fixed with 4% formaldehyde for 15 min and washed
twice with PBS before being mounted with Vectashield
(Vector Laboratories Inc., Burlingame, USA) with 3%
7-ADD (BD Biosciences) to label nuclei.

Results

Human saliva, plasma and breast milk contain exosomes
Exosomes from saliva, plasma and breast milk were
identified using electron microscopy (Figure 1A-D) and
exosomes from all sources were positive for CD63,
using immunogold staining (Figure 1B-D). Furthermore,
flow cytometry of saliva, plasma and breast milk exo-
somes captured on anti-MHC class II coated beads
revealed the presence of CD9, CD63 and CD81 on exo-
somes from all three sources (Figure 2). Breast milk exo-
somes were further characterised by Western blotting
and was shown to be positive for Hsc70 and CD81, but
negative for the endoplasmic reticulum marker calnexin
(Figure 3).

Human exosomes contain RNA

The RNA content of the saliva, plasma and breast milk
exosomes was analysed using a Bioanalyzer instrument,
which revealed that all three types of exosomes contain
RNA, with little or no ribosomal RNA (18S- and 28S-
rRNA) (Figure 4). The pattern of exosomal RNA visua-
lised in the Bioanalyzer differed substantially from
HMC-1 cell RNA, which contain substantial amounts of
ribosomal RNA (Figure 4).
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Figure 1 Exosomes from saliva, plasma and breast milk
detected with electron microscopy. Exosomes from human saliva
(A, B), plasma (C) and breast milk (D) were examined in the electron
microscope. No isotype control antibody (A), but anti-CD63
antibody (B-D), was detected by 10 nm gold labelled secondary
antibody. The scale bars represent 100 nm.
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Figure 2 Flow cytometry detection of surface molecules on
exosomes from saliva, plasma and breast milk. Exosomes from
saliva, plasma and breast milk captured on anti-MHC class Il beads
were immunostained by using monoclonal antibodies against the
tetraspanins CD9, CD63 and CD81 and analysed by flow cytometry.
The antibodies (open peaks) were compared with their appropriate
isotype controls (filled peaks).
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Figure 3 Characterisation of breast milk exosomes by Western
blot. The exosomal proteins from breast milk exosomes were
loaded onto a 10% acrylamide gel and transferred to a
nitrocellulose membrane. The breast milk exosomes are positive for
Hsc70 and CD81, but negative for the endoplasmic reticulum
protein, calnexin. Macrophage protein ("Cells”) was used as positive
control.

We also confirmed the presence of polyadenylated
RNA in exosomes from plasma, by synthesising cDNA
using an oligo (dT) primer (Figure 5). However, cDNA
could not be synthesised from exosomal RNA extracted
from saliva or breast milk, using the same method (data
not shown).
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Human macrophages take up human saliva and breast
milk exosomes

To examine whether exosomes from human body fluids
can be taken up by recipient cells, human saliva and
breast milk exosomes were labelled with PKH67 dye
(green) and added to cultures of human macrophages,
derived from buffy coat monocytes (purity >94%). Flow
cytometry showed an uptake of the exosomes by macro-
phages, shown by an increase of mean fluorescence
intensity (MFI) for PKH67, compared with macrophages
cultured with the PBS control, or cultured with exo-
somes at 4°C (Figure 6A-B). The uptake of the fluores-
cent exosomes by the macrophages was also visualised
using fluorescence microscopy (Figure 6C-D).

Discussion
This study confirms the presence of exosomes in human
saliva, plasma and breast milk, shown by both electron
microscopy and flow cytometry. We demonstrate that
exosomes from all three biological sources contain sig-
nificant amounts of primarily short RNA, of which a
portion is identified as mRNA in plasma exosomes. The
study also shows uptake of saliva and breast milk exo-
somes by macrophages.

The vesicles isolated from saliva, plasma and breast
milk, were shown by electron microscopy to have a
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Figure 4 Exosomal RNA analysed using a Bioanalyzer. Total RNA was isolated from saliva, plasma and breast milk exosomes using Trizol®
and analysed with a Bioanalyzer. The results show that exosomes from human saliva, plasma and breast milk contain a dissimilar RNA content
compared to cellular RNA from HMC-1 cells, as exosomes contain little or no ribosomal RNA.




Lasser et al. Journal of Translational Medicine 2011, 9:9
http://www.translational-medicine.com/content/9/1/9

'

FU
| ,ﬁd’

150+

=3
8
1

Plasma
exosomes

o
1

50

S0 3€IIEI Sl'.IID 7EIID IlS:JIDI ' 'malao [bp]
Figure 5 Detection of mRNA in plasma exosomes using a
Bioanalyzer. The exosomal RNA was transcribed to cDNA using an
oligo (dT) primer. The results show that a portion of the RNA in
plasma exosomes is mMRNA. Arrows show the peaks for the lower
and upper markers. The peaks in between these markers indicate

the presence of cDNA synthesised from plasma exosomal RNA.

diameter of 50-80 nm, which is comparable with pre-
viously identified exosomes [2-4]. Furthermore, immuno-
gold staining showed that the exosomes were positive for
the tetraspanin CD63, a commonly used exosome mar-
ker. Flow cytometry analysis further indirectly showed
the presence of MHC class II on saliva, plasma and
breast milk derived vesicles, as well as the presence of
CD9, CD63 and CD81. While we acknowledge that
viruses below 200 nm may constitute a small fraction of
the exosome preparation, the EM analysis and detection
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of multiple exosomal proteins strongly suggests that the
vesicles identified are exosomes and not other nano
particles.

The current study confirms our original finding, that
exosomes contain RNA [20] by clarifying that exosomes
in different body fluids from healthy individuals also
contain RNA. It was recently reported that exosomes
from human plasma and saliva contain RNA [21-23],
which further supports this conclusion. This study
reports, for the first time, the presence of RNA in
human breast milk exosomes, which implies that exo-
somes could deliver RNA from cells of the mother, to
cells in the offspring.

Many compartments of the cell, besides the multivesicu-
lar bodies, can release vesicles. As the finding of RNA-
containing exosomes in breast milk is novel, we confirmed
that these were truly exosomes by showing the presence of
Hsc70 and CD81, and the absence of the endoplasmatic
reticulum protein, calnexin. As no calnexin was detected,
this indicates that there is little, or no, contamination by
endoplasmic reticulum-derived vesicles in the breast milk
derived exosomes. Furthermore, breast milk exosomes has
previously been shown to contain Hsc70 and CD81 [12],
the detection of these molecules by Western blot on the
breast milk derived exosomes isolated in this study served
to further confirm their identification as exosomes. We
therefore conclude that the RNA-containing vesicles
found in breast milk are exosomes. We also confirmed
our finding by detecting RNA-containing exosomes in
breast milk from six different donors.
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Figure 6 Uptake of saliva and breast milk exosomes by human macrophages. 10 g of the PKH67-labelled saliva exosomes, PKH67-labelled
breast milk exosomes or a PKH67-PBS control were added per 200 000 macrophages and incubated at 37°C or 4°C for 2 h. The uptake of the
fluorescently labelled saliva and breast milk exosomes by macrophages was detected with both flow cytometry (A and B respectively) and
fluorescence microscopy (C and D respectively). The uptake was reduced at 4°C, indicating a biologically active uptake. In the fluorescence
microscopy pictures (C and D), 7-AAD was used to detect the nucleus of the macrophages (red) and PKH67 was used to label the exosomes
(green). MFI data are shown as mean + SEM for saliva exosomes n = 3 and for breast milk exosomes n = 4.
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Exosomes from saliva and breast milk can be taken up
by human macrophages, as shown by the uptake of
fluorescently stained exosomes. It has been shown that
other cells can take up exosomes in a similar way to
macrophages [24,25], which indicates that this is a com-
mon feature of exosomes. The active uptake of the body
fluid derived exosomes by recipient cells indicates
in vivo relevance of exosome transfer. It has recently
been shown that acidic conditions increases the uptake
of tumour exosomes [19]. This could be important, as
saliva exosomes may be taken up by cells in the acidic
environment of the gastrointestinal tract.

The presences of RNA in exosomes from the three
different human body fluids investigated, raises specula-
tion about its importance in human biology. As exo-
somes can shuttle RNA between cells, it is not
unreasonable to suggest that exosomes in plasma may
be a vector for genetic communication between cells in
different organs and that exosomes in breast milk may
be an important vector for communication between
mother and child via breastfeeding. We have previously
found that the mRNA delivered from one mast cell to
another mast cell via exosomal shuttle is functional [20].
However, it is possible that exosomal microRNA may
have an extended capacity to affect a recipient cell by
RNA interference [26]. It has also been shown in several
studies of cancer patients, that plasma exosomes and/or
similar vesicles, contain RNA [21,27,28]. Putatively, the
RNA content in exosomes could be utilised as biological
markers in different diseases. However, to reach that
goal, extensive characterisation of the exosomal RNA
from different diseases would be required, as well as in
healthy humans.

In exosomes from plasma, we could detect the pre-
sence of mRNA, confirming our previous study showing
presence of mRNA in mast cell exosomes [20], as well
as confirming the studies showing the presence of
mRNA in exosomes from human samples such as saliva
and plasma [23,28]. Despite using the same method, the
current study was unable to identify mRNA in the
human saliva and breast milk exosomes. Importantly,
the yield of RNA isolated from exosomes varies substan-
tially, which strongly emphasises the need to optimise
and standardise exosomal RNA isolation, which would
then allow comparison between different exosome
studies.

The biological significance of the shuttle of RNA
between cells by exosomes has been previously deter-
mined in our original study [20], which showed that
human mast cells can take up mouse mast cell exo-
somes and subsequently produce mouse proteins from
the mRNA delivered in the exosomes. It is unclear
whether biologically important shuttling of RNA is actu-
ally occurring in the human body, but our current study
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indirectly suggests that the potential for such a mechan-
ism exists. It is likely that the most extensive shuttling
of RNA would be occurring in the microenvironment
around the cells producing and releasing the RNA-
containing exosomes. However, the finding of RNA-
containing exosomes in plasma implies that these at
least theoretically could deliver RNA to distant cells.

Our novel discovery of RNA-containing exosomes in
breast milk, suggests that these exosomes may transfer
genetic signals from mother to child during breastfeed-
ing. This increases both the complexity of the mother-
to-child interaction and the complexity by which
exosomes can function. Breast milk provides many
health advantages to the child [29], but it has not yet
been determined whether any such effect could be
attributed to the exosome content in the breast milk.
One effect of breast milk exosomes observed in vitro is
the induction of T-regulatory (FOXP3 positive) cells
[12], which leads to the speculation that exosomes could
help the child develop immunological tolerance.

We cannot ignore the possibility that only a sub-
population of saliva, plasma and breast milk exosomes
contain RNA and extensive investigations will be
required to determine exactly which cells produce exo-
somes containing functional RNA. The cellular sources
of the exosomes in human plasma and breast milk are
not clear, but the isolated exosomes are most likely
released by a mixture of the immune competent cells
present in the fluid and epithelial cells [2,3,7]. The ori-
gin of saliva exosomes has also not been determined,
but it has been shown that primary cultures of salivary
glands can release exosomes [30] which suggests that
exosomes in saliva are at least partly derived from sali-
vary gland epithelial cells.

Conclusions

We have confirmed the presence of RNA in human
plasma, saliva and breast milk exosomes, and have docu-
mented that exosomes from human saliva and breast
milk can be taken up by human cells. As exosomes can
deliver their RNA to the recipient cells, we suggest that
human exosomes can deliver functional genetic signals
to other cells. The finding of RNA-containing exosomes
in saliva and breast milk, suggests that the shuttling of
RNA via exosomes may occur between individuals, dur-
ing kissing or breastfeeding.
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