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Extracellular vesicles (EVs) have a demonstrated involvement in modulating the immune system. It has been proposed that EVs
could be used as biomarkers for detection of inflammatory and immunological disorders. Consequently, it is of great interest
to investigate EVs in more detail with focus on immunological markers. In this study, five major leukocyte subpopulations and
the corresponding leukocyte-derived EVs were phenotyped with focus on selected immunological lineage-specific markers and
selected vesicle-related markers. The leukocyte-derived EVs displayed phenotypic differences in the 34 markers investigated. The
majority of the lineage-specific markers used for identification of the parent cell types could not be detected on EVs released from
monocultures of the associated cell types. In contrast, the vesicular presentation of CD9, CD63, and CD81 correlated to the cell
surface expression of these markers, however, with few exceptions. Furthermore, the cellular expression of CD9, CD63, and CD81
varied between leukocytes present in whole blood and cultured leukocytes. In summary, these data demonstrate that the cellular and
vesicular presentation of selected lineage-specific and vesicle-related markers may differ, supporting the accumulating observations
that sorting of molecular cargo into EVs is tightly controlled.

1. Introduction

Extracellular vesicles (EVs) are a heterogeneous group of
vesicles that can be subdivided based on their size, biogenesis,
and molecular composition. Using the biogenesis as a clas-
sification tool, EVs can be divided into three major groups,
namely, exosomes, microvesicles (MVs), and apoptotic bod-
ies [1-3]. Even though the molecular composition of these
three subsets of EVs is different, several markers overlap. So
far, identification of a specific marker that with certainty can
distinguish or identify the particular EV subset still awaits
[4]. It can be expected that the different EV subsets may
cover different biological roles, but the function of EVs has
also been described to depend both on the cellular source
and on the recipient tissue/cell [2]. Nevertheless, it is now
recognized that EVs are involved in numerous physiolog-
ical processes, including intercellular communication and
delivery of proteins, lipids, and genetic material to recipient
cells [2, 3, 5-7]. In addition, EVs have been associated with

the development and progression of different pathological
conditions, including cancer and infectious diseases [8-15].
The immunological effects of EVs comprise a broad
range of mechanisms, including immune activation, immune
suppression, and modulation of immune surveillance. Cells
from both the innate and the adaptive immune system have
been shown to release EVs, such as T and B cells, dendritic
cells (DCs), macrophages, mast cells, and natural killer (NK)
cells [16-24]. The effect of EVs is directly related to their
molecular composition and several studies have ascribed an
immunostimulatory effect of EVs to the presence of a very
specific molecular content [20, 23, 25-31]; for instance, CD56-
positive and perforin-containing EVs from NK cells can
mediate EV-induced cytotoxicity [20]. Several immunosup-
pressive effects of EVs have also been reported [21, 32, 33]; for
instance, Fas Ligand (Fas-L)" EVss released from regulatory T
cells are able to inhibit DC-induced cytotoxic T-lymphocyte
(CTL) responses [21]. Furthermore, inhibitory roles of EVs
derived from immature DCs have been observed in relation
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to transplant tolerance [34-36]. Thus, identification of a
specific molecular signature of EVs released by immune cells
can provide knowledge that can lead to the use of EVs in a
therapeutic setting.

Numerous studies have investigated the effects of EVs
released from different leukocytes, leading to an incipient
understanding of the physiological functions of these EVs.
Nevertheless, several basic questions concerning specific
characteristics, like the protein composition of the different
types of leukocyte-derived EVs, remain unclear. The present
study investigated the expression of selected immunological
lineage-specific markers and selected vesicle-related markers
on five major leukocyte subpopulations, namely, CD4" T
cells, CD8" T cells, NK cells, B cells, and monocytes. The
expression was determined for leukocytes present in freshly
isolated whole blood and on cultured isolated leukocyte
subpopulations and compared to the presentation of these
markers on the corresponding leukocyte-derived EVs. The
EV Array, used for phenotyping of EVs, is optimized for
detection of small EVs with a size below 150 nm that present
CD9, CD63, and/or CD8l, such as exosomes and exosome-
like vesicles. However, as these markers may be present
on several types of EVs and as the intracellular origin of
the characterized EVs was not determined, the EV subset
investigated in the current study was denoted by small EVs
(sEVs).

2. Materials and Methods

2.1. Biological Samples. Blood samples were obtained from
ten healthy volunteers at the Department of Clinical
Immunology, Aalborg University Hospital. From each donor
two blood samples were collected, one tube containing EDTA
(K3EDTA, Vacuette®, Greiner Bio-one, Austria) for immedi-
ate analysis of noncultured leukocytes and one tube contain-
ing CPDA (Vacuette, Greiner Bio-one, Austria) for the vesicle
analysis (plasma). Plasma was isolated by centrifugation at
1800 xg for 6 min at room temperature (RT), after which
the plasma supernatant was aliquoted and stored at —40°C
until analysis. Buffy coats were obtained from three healthy
donors at the Department of Clinical Immunology, Aalborg
University Hospital, and used for isolation of peripheral
blood mononuclear cells (PBMCs). Blood samples and buffy
coats were not obtained from the same donors.

2.2. Isolation of Leukocyte Subpopulations. Buffy coats were
diluted (1:4) in sterile PBS (sPBS) and PBMCs were isolated
by density gradient centrifugation using Lymphoprep (Axis-
Shield, Oslo, Norway). PBMCs were subsequently washed
twice in growth medium (RPMI1640 (Gibco, Life Technolo-
gies, Carlsbad, CA, USA), 10% heat-inactivated fetal calf
serum (FSC) (Gibco), 100 U/mL penicillin, and 10 ug/mL
streptomycin (Amplicon, Odense, Denmark)) and counted in
trypan blue and resuspended in isolation buffer (Ca**- and
Mg**-free PBS, 2mM EDTA, and 0.1% bovine serum albu-
min (BSA)). Magnetic Dynabeads® were used for isolation
of human CD4" and CD8" T cells according to the man-
ufacturer’s instructions (Dynabeads CD4 Positive Isolation
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Kit and Dynabeads CD8 Positive Isolation Kit, Life Tech-
nologies). Briefly, 1 x 10” cells/mL were mixed with washed
beads and incubated for 20 min at 4°C with gentle rotation.
The cell suspension was subsequently placed in a magnet
for 3-4 min. The supernatant was removed and the bead-
bound cells were incubated with Detachabeads® for 45 min
at RT with gentle rotation. The cell suspension was placed
in a magnet for 3-4 min and the supernatant containing the
detached cells was collected. The detached cells were washed
once in growth medium and adjusted to 3 x 10° cells/mL.
From the CD4* depleted PBMCs, B cells were isolated
using the Dynabeads Untouched™ Human B Cells kit (Life
Technologies) according to the manufacturer’s instructions.
From the CD8" depleted PBMCs, monocytes were isolated
using the Dynabeads Untouched Human Monocytes kit (Life
Technologies) according to the manufacturer’s instructions.
Human NK cells were isolated from PBMCs by negative
selection according to the manufacturer’s instructions (Dyn-
abeads Untouched Human NK Cells kit, Life Technologies).
Briefly, 1 x 10® cells/mL were mixed with the antibody cocktail
and incubated for 20 min at 4°C followed by washing and
incubation with Dynabeads for 15 min at 4°C while rotating.
The cell suspension was subsequently placed in a magnet for
3-4 min. The supernatant, containing the cells of interest, was
removed and centrifuged at 500 xg, for 5 min at RT. The pellet
was washed once in growth medium and adjusted to 3 x
10° cells/mL. For each isolation, the purity of the cells was
determined by flow cytometry.

2.3. Culturing of Isolated Subpopulations and Harvest of
Cells and sEVs. Isolated leukocytes were adjusted to 3 x
10° cells/mL and cultured in either 12-well (3 x 10° cells/well,
1.5 mL/well) or 24-well plates (1.5 x 10° cells/well, 1 mL/well)
(Nunc, Thermo Scientific, Carlsbad, CA, USA) for 44-48
hours at 37°C and 5% CO,. Following incubation, the plates
were centrifuged at 600 xg for 10 min at RT and the super-
natants containing the cell-derived EVs were harvested from
the plates. Complete protease inhibitor, EDTA-free (Roche,
DE, USA), was added to the EV-rich supernatants, which
were subsequently upconcentrated using Amicon Ultra 100K
spin columns according to the manufacturer’s instructions.
Briefly, PBS was added to the harvested supernatants (total
volume of 5mL) and the supernatants were subsequently
centrifuged at 600 xg for 7 min at RT. The supernatants were
transferred to 50 mL spin columns and centrifuged at 3200 xg
for 10 min at RT. Prior to adding the supernatants, the spin
columns were washed once in 5mL PBS (3200 xg, 10 min,
RT). Following the first centrifugation of the supernatant,
5mL of PBS was added to the retention volume and cen-
trifuged again. This procedure was repeated. The retention
volume, containing the upconcentrated supernatants, was
harvested and the filter unit was washed in 50-100 uL PBS.
Due to varying cell counts between the subpopulations and
across the experiments, every supernatant was adjusted to
a volume corresponding to 5.5 x 10° cells/mL. No further
purification of the EVs was performed and the upconcen-
trated supernatants were aliquoted and stored at —40°C
until analysis by the EV Array. The cells were harvested
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in PBS, washed, and resuspended in PBS with 0.5% BSA
and 0.09% NaNj, followed by a subsequent surface marker
staining.

2.4. Antibodies. For the EV Array, the following antibodies
were used for capturing: CD1la (HII11) from Ab Biotech (San
Diego, CA, USA); Flotillin-1 and TSGI101 (5B7) from Abcam
(Cambridge, MA, USA); CD3 (HIT3a), CD14 (M5E2), CD16
(3G8), CD28 (L.293), CD49d (L25), and CD56 (3G8) from
BD Biosciences (Mountain View, CA, USA); CD41 (HIPS),
CD63 (MEM-259), HLA-ABC (W6/32), and Alix (3A9) from
Biolegend (San Diego, CA, USA); ICAM-1 (R6.5) from
eBiosciences (San Diego, CA, USA); CD9, CD42a, CD8],
and CTLA-4 (ANCI52.2/8H5) from LifeSpan BioSciences
(Seattle, WA, USA); Annexin V (AF399), CD4 (34930),
CD8a (37006), CD19 (4G7-2E3), CD37 (424925), CD45
(2D1), CD80 (37711), CD82 (423524), CD83 (HBI15¢), MIC
A/B (159207), TNF RI, and TNF RII from R&D Systems
(Minneapolis, MN, USA); TLR3 (3.7) from Santa Cruz
Biotechnologies (Dallas, TX, USA); HLA-DR/DP/DQ (HB-
145) from Loke Diagnostics (Aarhus, Denmark); Fas Ligand
(10F2) from Serotec (Oxford, UK); and PD-L1 from Sino
Biological (Beijing, China). The following antibodies were
used for detection (biotinylated): CD9, CD63, and CD81 from
LifeSpan BioSciences.

For flow cytometry the following antibodies were used:
CD45 APC (T29/33), CD45 FITC (T29/33), and CD3 FITC
(UCHT1) from DakoCytomation (Glostrup, Denmark); CD3
APC (UCHTI), CD4 FITC (RPA-T4), CD4 APC-H7 (SK3),
CD8 APC-H7 (SK1), CD9 PerCP-Cy5.5 (M-L13), CD14 FITC
(M5E2), CDI6 FITC (3G8), CD16 PE-Cy7 (3G8), CD19 APC
(HIB19), CD56 APC (B159), and CD56 PE-Cy7 (B159) from
BD Biosciences (Mountain View, CA, USA); CD63 PE-Cy7
(H5C6) from eBiosciences; and CD81 PE from LifeSpan
BioSciences. In addition, isotype- and fluorophore-matched
control antibodies were included.

2.5. Flow Cytometry. For analysis of noncultured leukocytes,
100 uL of freshly drawn whole blood was labeled with
fluorescence-conjugated antibodies for 30 min at RT, red
blood cells were lysed, and the remaining leukocytes were
washed and resuspended in BD FACSflow Sheath Fluid (BD
Biosciences) with 1% paraformaldehyde.

The cultured leukocytes were labeled with fluorescence-
conjugated antibodies for 30 min at RT. The leukocytes were
washed twice in PBS with 0.5% BSA and 0.09% NaN; and
resuspended in BD FACSflow Sheath Fluid (BD Biosciences)
with 1% paraformaldehyde.

Cells were analyzed on a FACSCanto II flow cytometer
(BD Biosciences) using the BD FACSDiva™ Software version
6.1.3 (BD Biosciences). The acquired data files were ana-
lyzed by FlowJo vX.0.7 (TreeStar, Ashland, USA), first by
adding a leukocyte-gate based on morphologic characteris-
tics (FSC/SSC) and subsequently by the use of the lineage-
specific markers; CD3 and CD4 for CD4" T cells; CD3 and
CD8 for CD8" T cells; CD16 and CD56 for NK cells; CD19
for B cells; and CD14 for monocytes.

2.6. EV Array. For the production of the protein microar-
ray, microarray printing was performed on a SpotBot®
Extreme protein edition microarray printer with a 946MP4
pin (Arraylt, Sunnyvale, CA, USA). Epoxy coated slides
(75.6 mm x 25.0 mm; SCHOTT Nexterion, Jena, Germany)
were used as microarray basis. The antibodies listed above
were diluted in PBS containing 5% glycerol and printed at
a concentration of 180-200 ug/mL. As a positive control,
100 pug/mL of biotinylated human IgG in PBS with 5% glycerol
was printed. As a negative control, PBS with 5% glycerol was
printed.

For catching, visualization, and data analysis, the proce-
dures were performed as previously described [37]. In short,
the slides were incubated with 100 uL plasma, prediluted 1: 10,
or 100 uL upconcentrated cell culture supernatant, prediluted
1:2 in wash buffer (PBS with 0.05% Tween-20®). All samples
were analyzed in triplicate. After overnight sample incubation
and a subsequent wash, the slides were incubated with a
cocktail of biotinylated detection antibodies (anti-human
CD9, CD63, and CD81), diluted 1:1500 in wash buffer. After
incubation, Cy5-labeled streptavidin (Invitrogen, Frederick,
MD, USA) diluted 1:1500 was used for detection. Prior
to scanning, the slides were washed and dried using a
Microarray High-Speed Centrifuge (Arraylt). Scanning and
data analysis was performed as previously described [37].
Briefly, the intensity of the antibody signal was calculated
by subtracting the mean of the background (without sam-
ple/blank) from the mean of the triplicate antibody spots.
This signal was then divided by the signal from the mean of
the triplicate negative spots (without capture antibody, with
sample). This relative fluorescence intensity was subsequently
log 2 transformed.

3. Results

Leukocytes are immune cells responsible for recognizing
and eliminating invading pathogens. Leukocytes can be
subdivided based on morphological characteristics upon
staining into polymorphonuclear cells (the granulocytes) and
mononuclear cells (the lymphocytes and the monocytes). The
present study investigated the sEVs produced by the different
subpopulations of mononuclear cells found in peripheral
blood and compared the vesicular phenotype to the cellular
phenotype. In addition, sEVs present in plasma were pheno-
typed for the same panel of markers.

3.1. Phenotypic Characterization of sEVs. Five different sub-
populations of leukocytes were isolated from PBMCs. The
purity of the different subpopulations throughout the three
individual experiments was 97-99.5% for the CD4" and
the CD8" T cells, 82-95% for the B cells, 68-94% for
the monocytes, and 85-97% for the NK cells. The iso-
lated subpopulations of leukocytes were cultured for 44-
48 hours and the supernatants, containing the leukocyte-
produced EVs, were investigated for the presence of a
panel of selected immunological and EV-related markers
using the EV Array (Table 1). It was investigated whether
sEVs from isolated leukocyte subpopulations presented the
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TABLE 1: Overview of the markers selected for phenotyping of sEVs.
Immunological markers Vesicle-related markers

Functional Regulatory Adhesion Lineage-specific and others Tetraspanins Others
HLA-DR CTLA-4 CDlla CD3 CD9 TSG101
HLA-ABC PD-L1 ICAM-1 CDh4 CD63 Alix
CD28 CD8 CD81 Flotillin-1
CD80 CD14 CD82 Annexin V
CD49d CD16
TLR3 CD19
Fas-L CD37
MIC A/B CD4l1
TNF RI CD42a
TNEF RII CD45

CD56

CD83

HLA: human leukocyte antigen; TLR: Toll-like receptor; TNF: tumor necrosis factor: RI: receptor I, RII: receptor II; MIC A/B: major histocompatibility complex
class I-related chain A/B; CTLA-4: cytotoxic T-lymphocyte associated protein-4; PD-L1: programmed death-ligand 1; ICAM-1: intercellular adhesion molecule

1; TSG101: tumor susceptibility gene 101.

lineage-specific markers that define the parent cells. The
results demonstrated that not all lineage-specific markers
could be observed on the corresponding sEV subpopulations
(Figure 1(a)). For instance, CDI19, which is a well-defined
lineage marker for B cells, could not be detected on sEVs
in supernatant from cultured B cells. Likewise, CD14, CD16,
CD56, and CD3 could not be detected on sEVs from cultured
monocytes, NK cells, and T cells, respectively (Figure 1(a)).
In contrast, CD4 and CD8, which are lineage markers for
two different populations of T cells, were detected on sEVs
from the supernatants of these two T cell subpopulations.
In addition, sEVs from cultured PBMCs presented CD8, but
none of the other markers. Aside from the parental lineage-
specific markers, the presentation of other lineage-specific
markers was investigated. Small EV's released from CD8" T
cells presented CD4, CD45, and CD16. Likewise, CD45 and
CD16 could be detected in one of the experiments with sEV's
from CD4" T cells.

A panel of EV-related markers was assayed on the
different subsets of the leukocyte-derived EVs (Figure 1(b)).
CD9 was detected on all SEV subsets, though at very low
levels on sEVs from T cells and NK cells. Similarly, CD81
was detected on all sEV's but at very low levels on sEVs from
B cells and NK cells. CD82 was detected at high levels on
sEVs from monocytes and PBMCs and at very low levels on
sEVs from B cells and T cells but was absent on sEVs from
NK cells. CD63 was only detected on sEVs from cultured T
cells. Furthermore, Alix was detected at very low levels on
sEVs from the cultured CD8" T cells. In contrast, Annexin
V, TSGI101, and Flotillin-1 could not be detected on the
leukocyte-derived sEVs.

Furthermore, the presence of more general immunolog-
ical markers was investigated on the different sEV popula-
tions. A total of 18 markers were chosen based on their rel-
evance for the function of leukocytes (Table 1). The majority
of markers could not be detected on the sEV subpopulations
using the EV Array (Figure 1(c)). However, CD49d was found

on sEVs from all the different leukocyte subpopulations and
CD41 was detected on sEVs from all subpopulations besides
sEVs from NK cells. Additionally, sEVs from cultured CD4"
and CD8" T cells presented several of the immunological
markers, including CDI1la, TLR3, CD28, CTLA-4, and the
Fas-L. TNF RI was only observed on sEVs from cultured
monocytes. The data presented in the heat maps were from
three individual experiments and illustrated a degree of
variation between the individuals. The presence of a natural
variation in the phenotype of sEVs between healthy indi-
viduals was also observed upon phenotyping of the sEVs
present in plasma from 10 healthy individuals (Figure 2).
Plasma sEVs presented several of the markers that were
detected on the leukocyte-derived sEVs. In addition, plasma
sEVs presented some lineage-specific markers, including
CD3, CD14, and CD19 that were not detected on sEVs from
cultured leukocytes. Furthermore, TNF RI, TLR3, CD42a,
CD80, and CD83 as well as Annexin V, Flotillin-1, and Alix
were detected on the majority of the plasma sEVs.

3.2. The Cellular Expression Level of CD9, CD63, and CD8I on
Freshly Isolated or Cultured Leukocytes. The cellular expres-
sion pattern of CD9, CD63, and CD81 was determined for all
the leukocyte subpopulations by flow cytometry (Figure 3).
The expression of these vesicle-related markers was investi-
gated for leukocytes present in freshly drawn whole blood
(n = 10) as well as for isolated subpopulations of leukocytes
following two days of culture (n = 3). Figures 3(a) and 3(b)
demonstrate the expression levels in histograms from two
representative donors. None of the leukocyte subsets from
whole blood presented CD9 on their surface (Figure 3(a)).
In contrast, both CD63 and CD81 were expressed on all
leukocytes, but the expression pattern varied between the
different subsets. The lymphocytes, including the CD4" T
cells, the CD8" T cells, the B cells, and the NK cells, expressed
CD8I at high levels, while they all expressed CD63 at low-
to-intermediate levels. The opposite situation was observed
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FIGURE I: Phenotyping of the different subsets of leukocyte-derived sEVs. The different subsets of leukocyte-derived sEVs were phenotyped
for a panel of selected markers using the EV Array. The sEVs were captured by antibodies targeting the selected markers and subsequently
detected by addition of an antibody cocktail against CD9, CD63, and CD8L. The heat maps illustrate the results from each of the three
independent experiments divided into lineage-specific markers (a), vesicle-related markers (b), and general immunological markers (c) and
present the relative intensities of each of the markers as indicated by the colored bars. Data are presented as the mean value of the triplicates.

for the monocytes that presented high levels of CD63 on
their surface, but only low-to-intermediate levels of CD81.
Regarding the cultured leukocytes, each subpopulation was
isolated from three different donors and cultured for 44-
48 hours (Figure 3(b)). The results showed that, in contrast
to the freshly isolated leukocytes, the cultured leukocytes
presented CD9 on their surface. For the lymphocyte popu-
lations, the expression of CD9 was low, while the monocyte
population expressed intermediate levels of CD9. All cultured

lymphocyte subpopulations expressed CD63 and CD81 at
low-to-intermediate levels, while the monocytes expressed
high levels of both markers. Even though the levels varied, the
expression patterns of CD63 and CD81 on the cultured leuko-
cyte subpopulations were similar to the patterns observed
on leukocytes present in freshly isolated blood. Based on the
obtained minimum and maximum MFI values, it was clear
that the expression level of the three markers varied between
the individuals illustrating a natural variation.
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FIGURE 2: Phenotyping of sEV's present in plasma. Extracellular vesicles present in plasma from 10 healthy donors were investigated for 34
different immune-related or vesicle-related markers using the EV Array. The sEVs were captured by the selected markers and subsequently
detected by addition of an antibody cocktail against CD9, CD63, and CD81. The heat map presents the relative intensities for each of the
markers as indicated by the colored bar. Data are presented as the mean value of the triplicates from each of the ten donors.

3.3. Cellular versus Vesicular Presentation of Markers. In
order to investigate the phenotypic homogeneity between the
sEVs and the parent cells, the cellular expression patterns
of selected lineage-specific and vesicle-related markers were
compared to the vesicular presentation of these markers
(Figure 4). In relation to the selected lineage-specific markers,
CD3, CD14, CD16, and CD19 could not be detected on sEV's
from cultured T cells, monocytes, NK cells, and B cells,
respectively, indicating that not all cell surface molecules
are transferred to the sEV surface. For CD9, CD63, and
CD81, the majority of the subpopulations presented vesicular
levels that overall correlated with the cellular expression.
Exceptions were observed with CD63, in which case the
cellular expression on monocytes was high, but the vesicular
presentation was low. Similarly, the cellular expression of
CD63 was intermediate or low for both NK cells and B
cells, but no CD63 could be detected on the corresponding
sEVs.

4. Discussion

Several studies have reported that EVs are released from
different leukocyte subsets; however, a thorough simultane-
ous investigation of the major leukocyte subsets with focus
on lineage-specific markers has not yet been described. In
the current study the phenotype of five different subsets of
leukocyte-derived sEVs was determined and related to both
the phenotype of sEVs present in plasma and the cellular
phenotype of the leukocyte subpopulations. The EV Array,
used for the investigation of the phenotype of sEVs, is a
protein microarray technique that provides the opportunity
to detect and characterize sEV's for up to 60 markers in a high-
throughput manner and with high sensitivity [37, 38]. One
major advantage of the EV Array is the ability to phenotype
sEVs from unpurified material without a requirement for
preanalytical purification. Isolation of specific EV subsets is
in many cases highly warranted, but for phenotyping of EV's

using the EV Array, crude plasma or cell-free supernatants
are applicable.

In order to investigate whether lineage-specific proteins
present on leukocytes could be detected on the correspond-
ing sEVs, leukocytes were phenotyped for selected lineage-
specific markers using flow cytometry, while the sEVs were
phenotyped using the EV Array. The results showed that none
of the included lineage-specific markers could be detected on
the sEVs released from B cells, NK cells, and monocytes in
monocultures (CD19, CD56, and CD14, resp.). In contrast,
sEVs from monocultures of CD4" and CD8" T cells did
present CD4 and CD45 or CD8 and CD45, respectively. None
of the T cell-derived sEVs presented CD3. A study by Kornek
et al. investigated EVs from Jurkat T cells activated with
phytohemagglutinin (PHA) and observed that the fraction of
large EV's (sedimented at 10.000 xg) only presented low levels
of CD3, while the fraction of sEV's (sedimented at 100.000 xg)
presented high levels of CD3 [39]. Regarding CD19, a study
by Admyre and coworkers from 2007 showed that EVs from
a B cell line presented CD19 [40], which differs from the
observations obtained in the study at hand. Similarly, another
study has described that EVs from resting NK cells present
typical NK cell markers like CD56 and Fas-L, but not CD16
[20]. In terms of CDI4, a study by Aharon et al. observed
this marker on large EVs (MVs) released from a monocytic
cell line [41]. No CDI14 could be detected on sEVs from
cultured monocytes in the current study. The discrepancy
between some of the results may be due to investigations
of different preparations of EVs and/or may be explained
by the fact that the EV-producing cells were different, for
example, cells isolated from peripheral blood versus cell lines.
In addition, differences in the activation state of the EV-
producing cells are of importance for the outcome. Upon
stimulation, cells change their phenotype and this phenotypic
change depends on the specific stimulus given to the cells
[28, 42]. In the present study, leukocyte subpopulations were
isolated and cultured without any activation signal, while
several of the other studies investigated the phenotype of
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FIGURE 3: Cellular expression of CD9, CD63, and CD8l on five leukocyte subpopulations. The cellular expression pattern of CD9, CD63, and
CD81 was investigated for leukocytes present in freshly drawn whole blood (a) as well as for isolated subpopulations of leukocytes following
two days of culture (b). For each of the subpopulations, the expression pattern was determined by flow cytometry. The expression from two
representative donors is illustrated in histograms. Isotype controls were included for every leukocyte subpopulation and when the obtained
signals were similar, only one isotype control is depicted. Regarding the cultivated cells, a representative lymphocyte isotype control is shown.
Due to differences in the level of the isotype control between the lymphocytes and the monocytes, the monocyte isotype control is also
shown. The interdonor variation in the expression levels of the different markers is displayed next to each histogram. Data are presented as
median fluorescence intensities (MFI) with min and max indicated in parenthesis from the ten (whole blood) or three donors (cultivated
cells), respectively.

the EVs released upon adding a stimulus to the cells. The  conditions, several of the leukocyte-derived sEVs did not
presented results obtained with sEVs released from cultured ~ present the lineage-specific markers found on the parent
PBMCs support this phenomenon as these sEVs apparently  cell type (Figure 1(a)). Variations in the molecular content
displayed fewer markers than sEVs from monocultures.  between cells and EVs were also observed in a study by
Opverall, these data indicate that the phenotype of the vesicle =~ Hunter et al. that reported significant differences in the
subset is context-dependent. However, during the current  presence of miRNAs between plasma EVs and PBMCs [43].
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FIGURE 4: Summary of results on the presence of selected lineage-specific and vesicle-related markers on five leukocyte subpopulations and
the corresponding leukocyte-derived sEVs. The expression of selected lineage-specific and vesicle-related markers was determined for freshly
isolated leukocytes and for cultured leukocyte subpopulations. The cellular expression was determined by flow cytometry. The level of the
different markers was grouped into negative (), low (+), intermediate (++), or high (+++) corresponding to the following signal intensities:
<100, 100-1000, 1000-10000, and 10000-100000, respectively. The results presented on freshly isolated leukocytes and on cultured leukocytes
are based on median values of ten or three individual experiments, respectively. The EV Array determined the presence of the markers on the
corresponding leukocyte-derived sEVs. The level of the different markers is grouped into negative (=), low (+), intermediate (++), or high
(+++) corresponding to the following signal intensities: 0-0.1, 0.1-1, 1-2.5, and 2.5-5.5, respectively. The results presented on the leukocyte-
derived sEVs are based on mean values of three individual experiments. Ag: antigen; Ab: antibody; APC: antigen-presenting cell.

For comparison, the presentation of lineage-specific markers
on plasma sEVs was determined. In contrast to the leukocyte-
derived sEVs, plasma sEV's presented several lineage-specific
markers, including CD3, CD14, and CD19. Compared to
the EVs present in cell supernatants, EVs in plasma are a
mixture of EVs produced by many different cell types. Thus,
plasma can act as a liquid biopsy and will present a very het-
erogeneous EV phenotype that provides information about
numerous cellular processes. The detection of CD3, CD14,
and CD19 on plasma sEVs, but not on sEVs from cultured
leukocyte subpopulations, emphasizes that the biological
context has a great impact on the phenotype of the released
EVs.

Interestingly, some of the sEV subsets presented other
markers, for example, sEVs from CD8" T cells presenting
CD16. CD16 was also detected on plasma sEVs from some
of the healthy donors. Several studies have described the
expression of CD16 on a small portion of different types of
T cells and even shown a functional role of CD16 on T cells
[44, 45]. Thus, the observations of CD16 on sEVs released
from cultured T cells combined with the fact that functional
molecules, such as perforin and lytic granules, can be stored
inside EVs may indicate a specific functionality of these EVs,
for example, surrogates or extensions of the effector cell in
antibody-dependent, cell-mediated cytotoxicity.

Apart from the selected lineage-specific markers, the
sEVs were phenotyped for the presence of 26 differ-
ent immunological or vesicle-related markers. Regarding
the leukocyte-derived sEVs, CD49d was the only marker
detected on all SEV subsets (Figure 1(c)). CD49d is an «,
integrin that is expressed as a heterodimer on T, B, and NK
cells and monocytes as well as on other immune cells.
Together with CD29, CD49d forms the very late antigen-4
(VLA-4) that is involved in leukocyte trafficking, adhesion,
and extravasation [46, 47]. So far, two studies have reported
on the presence of CD49d/VLA-4 on EVs from B cells [48,
49], and these results can be confirmed by the present study.
In terms of plasma sEVs, CD49d was detected in three of
the ten healthy donors. Similar result was obtained in a study
by Peinado et al., demonstrating weak VLA-4 expression on
plasma EVs from healthy donors [50]. Surprisingly, CD41
was observed on sEVs from T cells, B cells, monocytes, and
PBMCs as well as on plasma sEVs from half of the healthy
donors (Figure 1(c)). CD4l1 is a transmembrane glycopro-
tein primarily expressed on platelets and megakaryocytes.
However, according to the Protein Atlas, CDA41 is expressed
by PBMCs [51] and even though the function is unclear,
the presence of CD41 on sEVs released from these cells,
either in monocultures or as PBMCs, is possible. In addition,
sEVs from cultured T cells presented an array of other
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immunological markers, ranging from more general markers,
like CD45, to specific markers like CD28, and the TLR3.
Moreover, sEVs from CD8" T cells presented CTLA-4 and
the Fas-L. Even though the mechanisms are quite different,
both of these molecules play a role in downregulation of
an immune response, either by transmitting an inhibitory
signal in activated T cells or by inducing activation-induced
cell death, respectively. The presence of such regulatory
molecules on EVs suggests that T cell-derived EVs can be
involved in immune regulation. The presence of Fas-L on
EVs from T cells has also been observed in other studies
[52-54], but to the best of our knowledge, studies observing
CTLA-4 on EVs from leukocytes have not previously been
published. Upon evaluating the presence of markers on
EVs, it is important to consider the natural variation in the
molecular composition of the EV pool that exists between
healthy individuals as visualized by the ten plasma samples.
Thus, the present results are a snapshot providing insight
about the current vesicular presentation of selected markers.

The sEVs investigated in this study were identified by
the presence of CD9, CD63, and/or CD81. Thus, in order
to investigate the similarity of the leukocytes and the cor-
responding sEVs, the cellular expression patterns of CD9,
CD63, and CD81 were determined. The expression pattern
was determined for both leukocytes present in whole blood
and cultured leukocyte subpopulations. The results demon-
strated a lack of CD9 on the surface of leukocytes present
in freshly drawn whole blood (Figure 3(a)). In contrast, CD9
was present on every leukocyte subpopulation following two
days of culture. In accordance with the present results, a
recently published study also observed CD9 on the surface
of isolated populations of CD3*, CD14",and CD19™ cells [55].
The expression patterns of CD63 and CD81 were quite similar
between the two cell preparations but with minor differences
in the expressions levels. Overall, these findings are in
agreement with previously described results [56-61]. When
looking at both the cellular and the vesicular presentation
of these markers, it is clear that, for the majority of the
cultured subpopulations, the presentation of these markers
was comparable. However, for the NK cells, the B cells, and
the monocytes, the cellular expression of CD63 was very
different from the presentation observed on sEVs. A compar-
ison between the presentation of CD9, CD63, and CD8I on
whole blood leukocytes and plasma EVs is a more complex
procedure that needs to take into account that plasma EVs
are a very heterogeneous group of EVs that emanate from
multiple cell types. The tetraspanin signals observed on the
plasma sEV's represent all tetraspanin-positive sEVs irrespec-
tive of their origin. Thus, the presentation of tetraspanins
on plasma sEVs cannot be expected to correlate with the
expression of tetraspanin on leukocytes. Nevertheless, it is
clear that the CD63 signals in plasma generally were low,
while the cellular expression of CD63 for several of the leuko-
cyte subpopulations is medium to high, indicating that the
presentation of CD63 is different from sEVs to cells. Overall,
the vesicular signal intensities for CD63 were much lower
than the intensities observed for CD9 and CD8l, suggesting
that CD63 might be a poor marker for sEVs in general,
which has also been observed in other studies [38, 62-64].

The results underline the importance of detecting EVs with a
cocktail of antibodies against tetraspanins, as detection with
a single marker may overlook some subsets of EVs.

5. Conclusion

Surface molecules on EVs are responsible for the biodis-
tribution and the ligation to target cells. Thus, the protein
composition is related to the functionality of EVs, why
phenotyping of EVs can be used to gain knowledge about
the functionality. In summary, the presented data regarding
the lineage-specific markers and the tetraspanins support
the accumulating observations suggesting that the transfer
of molecular cargo into EVs is tightly controlled. A tightly
regulated sampling of molecules to EVs would match with the
fact that EVs play an important role as systemic regulators,
traveling through tissues providing key intercellular commu-
nication as well as transfer of biologically active components.
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