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B cell-derived exosomes can present allergen
peptides and activate allergen-specific T cells
to proliferate and produce Ty2-like cytokines

Charlotte Admyre, PhD,? Barbara Bohle, PhD,? Sara M. Johansson, MSc,* Margarete
Focke-Tejkl, PhD,? Rudolf Valenta, MD,? Annika Scheynius, MD, PhD,? and Susanne
Gabrielsson, PhD? Stockholm, Sweden, and Vienna, Austria

Background: Exosomes are vesicles of 30 to 100 nm produced
by inward budding of endosomal compartments and are
released by a range of different cell types. Exosomes from
antigen-presenting cells carry immunorelevant molecules like
MHC class I and II and costimulatory molecules and thus are
suggested to have a role in immune modulation.

Objective: To investigate the role of antigen-presenting cell-
derived exosomes in allergen presentation and T-cell
stimulation.

Methods: Exosomes were isolated from supernatants of B-cell
lines derived from patients with birch pollen allergy. The
exosomes were characterized with regard to the expression of
surface molecules by flow cytometry. Moreover, exosomes were
loaded with T-cell-activating peptides from the major birch
allergen Bet v 1, and binding was tested with ELISA. Loaded
exosomes were used for stimulation of Bet v 1-specific T-cell
lines. Cell proliferation and cytokine production were assessed.
Results: The exosomes had a phenotype typical of B cell-
derived exosomes with expression of MHC, costimulatory
molecules like CD86, tetraspanin proteins such as CD81, and
CD19. Furthermore, B cell-derived exosomes bound Bet v 1-
derived peptides and subsequently induced a dose-dependent T-
cell proliferation. In addition to proliferation, T cells
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synthesized the cytokines IL-5 and IL-13 in response to peptide-
loaded exosomes.

Conclusion: These results demonstrate for the first time that
exosomes isolated from B cells can present allergen-derived
peptides and thereby induce T-cell proliferation and Tg2-like
cytokine production.

Clinical implications: Our data suggest that exosomes from

B lymphocytes are an immunostimulatory factor in allergic
immune responses. (J Allergy Clin Immunol SEES;SEN:ENE-
EEN,)
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Exosomes are nanovesicles, 30 to 100 nm in diameter,
produced by inward budding of endosomal membranes.
They are released extracellularly from a wide range of cell
types like dendritic cells (DCs),' T and B lymphocytes,*”
mast cells,* platelets,5 epithelial cells,® and tumor cells.”
Exosomes from antigen-presenting cells (APCs) bear
MHC class I and II, costimulatory molecules like CD54,
CD80, and CD86, and they are enriched in tetraspanin
proteins like CD63 and CD81.° Exosomes have been char-
acterized in clinical samples like bronchoalveolar lavage
(BAL),10 urine, ! malignant effusions,'? plasma,13 and
breast milk.'* The role of exosomes in vivo is not known,
but it has been shown that exosomes, depending on cell or-
igin, can function as a transport vesicle for removal of un-
wanted molecules,'” activate T cells,m’17 and transport
antigen between APCs,'® and can be of importance in tol-
erance induction'® and in inhibiting antitumor re-
sponses.l‘zo Exosomes have also been investigated as
tools in immunotherapy for cancer,?' infections,?* and
transplantation.?

The mechanisms behind exosome-induced immune
stimulation are unknown. Several studies have demon-
strated that exosomes can stimulate T cells directly,l(”17
whereas others have shown that exosomes exert their ef-
fects through APCs."® The role of exosomes in allergic im-
mune responses has previously not been investigated.
Allergic diseases are chronic inflammatory disorders in
which the immune system is reacting to innocuous anti-
gens in the environment. IgE-mediated allergic diseases
affect more than 25% of the children in industrialized
countries.”* Allergen-specific Ty2 cells, activated by
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Abbreviations used
APC: Antigen-presenting cell
BAL: Bronchoalveolar lavage
CBA: Cytometric bead array
cpm: Counts per minute
DC: Dendritic cell
FITC: Fluorescein isothiocyanate
PE: Phycoerythrin
TCL: T-cell line

APCs presenting allergen-derived peptides to secrete T2
cytokines like IL-4, IL-5, and IL-13, have a central role in
the pathophysiology of allergic diseases.*

Our aim was to investigate whether exosomes can bind
and present allergen-derived peptides and stimulate aller-
gen-specific T cells. For this purpose, exosomes were
isolated from B-cell lines derived from individuals with
allergy and analyzed for the presence of membrane
molecules important for antigen presentation. Exosomes
were loaded with peptides containing relevant T-cell
epitopes of the major birch pollen allergen, Bet v 1. Bet
v l-specific T-cell lines (TCLs) were established from
individuals with birch pollen allergy and stimulated with
unloaded and peptide-loaded exosomes. Proliferation and
cytokine responses were assessed.

METHODS

Patients with birch pollen allergy

Individuals with allergy (donors 1, 2, 3, and 4, Table I) with a
history of hay fever during early spring, a specific serum IgE
ImmunoCAP class >3 to birch pollen and Bet v 1 (Phadia AB,
Uppsala, Sweden), and a positive skin prick test reaction (wheal diam-
eter >5 mm) to birch pollen (Soluprick; ALK-Abelld, Hgrsholm,
Denmark) were included in the study. HLA-typings for HLA-DRB
and DQB alleles were performed according to methods described®
(Table I). The study was approved by the local ethics committee.

Synthesis, biotin labeling, and purification
of Bet v 1-derived peptides

Peptides (sequence: Bet v 1 amino acid residues 4-18 [Bet v 1,4
18]: NYETETTSVIPAARL; Bet v 1 amino acid residues 142-156
[Bet v 1145.156]: TLLRAVESLLAHSD) were synthesized using
Fmoc (9-fluorenylmethoxycarbonyl)-strategy with HBTU (2-[1H-
Benzotriazol-1-yl] 1,1,3,3 tetramethyluronium hexafluorophos-
phate)-activation (0.1 mmol small-scale cycles) on the Applied
Biosystems peptide synthesizer Model 433A (Foster City, Calif)
as described.”’

Purified Bet v 1 peptides were labeled at the amino-terminus with
biotin using N-succinimidyl N-(6-[biotinylamino]caproyl)-6-amino-
caproate (Fluka Biochemica, Buchs, Switzerland) according to the
manufacturer’s instructions in a concentration of 250 p.g biotin for
1 mg purified peptide. The identity of the biotinylated peptides was
checked by mass spectrometry, and they were purified to >90% pu-
rity by preparative HPLC (PiChem, Graz, Austria). The endotoxin
content of the peptides were <0.0075 ng/mL as measured by
Limulus Amebocyte Lysate endochrome assay (Endosafe; Charles
River Laboratories, Charleston, SC).

J ALLERGY CLIN IMMUNOL
umm 2007

Culturing of EBV-transformed B cells

EBV-transformed B-cell lines from donors 1 and 2 were cultured
in complete medium consisting of RPMI-1640 (Gibco; Invitrogen
Corp, Paisley, United Kingdom) supplemented with 25 pg/mL
gentamicin (Gibco), 10% heat-inactivated FCS (Hyclone, Logan,
Utah), 2 mmol/L L-glutamine, 100 IU/mL penicillin (Gibco), 100 pg/
mL streptomycin (Gibco), and 50 pmol/L B-mercaptoethanol
(KEBO-lab, Spanga, Sweden). The medium was exosome-depleted
as previously described.”® The cells were cultured in a 37°C humid-
ified incubator with 6% CO,.

Exosome preparations

For exosome collection, viable B cells were counted by Trypan
blue exclusion and resuspended at a cell density of 3 X 10° cells/
mL in complete medium. After 48 hours of incubation, cells were
spun down at 300g, and the supernatant was used for exosome
preparation. Exosomes were purified by differential centrifugation
essentially as previously described.® The supernatants were centri-
fuged at 3000g for 20 minutes at room temperature and ultracen-
trifuged at 10,000g for 30 minutes at 4°C to remove cell debris.
The supernatants were ultracentrifuged at 110,000g for 1 hour at
4°C to generate a pellet that has previously been shown to contain
exosomes.*?® The exosomes were washed and resuspended in
RPMI or PBS and stored at —80°C. Exosome samples were mea-
sured for protein content by using BioRad DC protein assay (Bio-
Rad Laboratories, Hercules, Calif) according to the manufacturer’s
instructions.

Flow cytometry

For flow cytometry analysis, exosomes were adsorbed onto 4.5
pm @ Dynabeads precoated with anti-MHC class II (Dynal, Oslo,
Norway) at a concentration of 5 g exosomes per 2.8 X 10° dyna-
beads in PBS containing 0.1% BSA and 0.01% sodium azide over-
night at room temperature. The following fluorochrome-labeled
mouse mAbs were used for analysis of cells and exosomes: anti—
HLA-DR fluorescein isothiocyanate (FITC), anti-MHC class I
FITC, anti-CD19 phycoerythrin (PE), anti-CD40 FITC, anti-CD54
PE, anti-CD63 PE, anti-CD80 PE, anti-CD81 PE, and anti-CD86
FITC (Pharmingen/Becton Dickinson, San Jose, Calif) and compared
with isotype-matched controls (Becton Dickinson). Samples were an-
alyzed by a FACSCalibur flow cytometer (Becton Dickinson), and
the data were analyzed by using CellQuest Pro software (Becton
Dickinson). A minimum of 10* cells and a minimum of 5 X 10> beads
per sample were examined.

Loading of B-cell exosomes with birch
peptides

B cell-derived exosomes were loaded with biotinylated or not
labeled Bet v 1 peptides, Bet v 1415, and/or Bet v 1145_156. The pep-
tides were loaded to the MHC of the exosomes by direct loading as
previously described.'® Briefly, the exosomes were mixed with the
same volume of 0.2 mol/L sodium acetate (pH 5.2) and incubated
with 5 pg/mL Bet v 14,5 and/or Bet v 1,45 156 for 30 minutes at
4°C. The samples were then neutralized to pH 7.0 with 2 mol/L
TRIS (pH 11) and incubated for 45 minutes on ice. Unbound peptide
was removed by filtering through a 100-kd cutoff filter (Millipore,
Bedford, Mass), making the free peptides go through the filter and
the exosomes stay on top of the filter. The corresponding amount
of birch peptides as loaded on the exosomes were filtrated in parallel
and the fraction above the filter, corresponding to the exosome frac-
tion, was used in the functional assays to control for the removal of
free peptides. All exosome samples were sterile filtrated through a
0.20-pm filter (Advantec MFS Inc, Dublin, Calif) before use.
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TABLE I. Descriptive data on the different patients with allergy

Birch pollen-specific IgE Bet v 1-specific IgE Total IgE
Donor (kU/L) (kU/L) (kU/L) HLA phenotype
1 41.8 87.1 430 DRB1#0701/#1501; DRB4*01/5*01; DQB1*02/*06
2 25.4 30.5 92.8 DRB1*0701/#1601; DRB4*01/5*%01; DQB1*01/*03
3 10.3 10.2 174 DRB1*0701/#1501; DRB4*01/5*01; DQB1*02/*06
4 27.1 27.8 913 DRB1*0701/#1501; DRB4*01/5*01; DQB1*03/*06
Detection of Bet v 1 peptides on exosomes RESULTS

by ELISA

B cell-derived exosomes were loaded with biotinylated
Bet v 1145156 as described and added to ELISA plates (Nunc,
Roskilde, Denmark) that had been coated overnight at 4°C with
anti-MHC class II mAb (Becton Dickinson) and blocked for 1 hour
with 1% BSA (Sigma Aldrich, Steinheim, Germany). After incuba-
tion overnight at 4°C, the plates were washed and incubated with a
1:5000 dilution of streptavidin conjugated with horseradish peroxi-
dase (Sigma Aldrich) for 30 minutes at room temperature. After re-
peated washings, the plates were incubated with the horseradish
peroxidase substrate o-phenylenediamine (Sigma Aldrich) for at least
30 minutes, after which the absorbance was detected at 450 nm.

Stimulation of Bet v 1-specific TCLs with
peptide-loaded exosomes

Bet v 1-specific TCLs were established as previously de-
scribed.?? TCLs (5 X 10%/well) were stimulated by using irradiated
EBV-transformed B cells (60 Gy) from donor 1 or 2 (3 X 10* cells/
well) in round-bottomed 96-well plates (Nunclone, Nunc, Denmark)
in duplicate. As negative control, TCL plus irradiated B cells were
left in medium alone, and as positive controls, either recombinant
(r) Bet v 1 (2 pg/mL) or the mixtures of the Bet v 1—derived 12-
mer peptides NYETETTSVIPA and TETTSVIPAARL (correspond-
ing to amino acid residues 4-18) or TLLRAVESYLLA and
RAVESYLLAHSD (corresponding to amino acid residues 142-
156: 5 pwg/mL and 1 pg/mL of each peptide, respectively) were
added. In parallel, TCLs were stimulated with unloaded and pep-
tide-loaded exosome preparations from donors 1 and 2, respectively.
After 48 hours, supernatants were collected for cytokine analysis.
Cell proliferation was measured by adding [*H]-thymidine (0.5
WCi per well) during the last 16 hours of culture. The results are pre-
sented as A counts per minute (dpm), which is mean cpm of dupli-
cates in stimulated cultures minus mean cpm of duplicates in
negative controls—that is, TCLs incubated with B cells without
peptide for B-cell stimulations or TCLs incubated with medium
alone for exosome stimulations.

Cytokine analysis

Supernatants from stimulated TCLs were frozen at —20°C until
further analysis. The cytometric bead array (CBA) human Ty1/Ty2
kit (Becton Dickinson) was used to assay IFN-y, TNF-a, IL-2, IL-4,
IL-5, and IL-10 in accordance with the manufacturer’s instructions.
CBA flex sets were used for analysis of IL-7, IL-9, and IL-13
(Becton Dickinson). The lower limit of detection was 5 pg/mL.
Samples were analyzed in duplicate.

Statistics

Wilcoxon matched pair tests were performed by using the
Statistica 7.1 software package (StatSoft Scandinavia AB, Uppsala,
Sweden). P values <.05 were considered statistically significant.

Characterization of B cell-derived exosomes

Exosomes were prepared from the culture supernatants
of EBV-transformed B-cell lines from 2 individuals with
birch pollen allergy (donors 1 and 2, Table I). For pheno-
typic characterization, B cells and exosomes from 48-hour
B-cell culture supernatants, pelleted by ultracentrifugation
and coated onto anti-MHC class II dynabeads, were ana-
lyzed by flow cytometry. The B cells expressed MHC clas-
ses [ and II; the costimulatory molecules CD40, CD80, and
CD86; the adhesion molecule CD54; and the B cell-spe-
cific marker CD19 (Fig 1, A). Furthermore, B cells also ex-
pressed the tetraspanin proteins CD63 and CD81 (Fig 1,
A). The B cell-derived exosomes showed expression of
MHC classes 1 and II as well as CD40, CD54, CD63,
CD80, CD81, and CD86 (Fig 1, B), a phenotype in accor-
dance with previous studies.® In addition, the exosomes
expressed the B cell-specific marker CD19 (Fig 1, B).

B cell-derived exosomes can bind peptides
derived from Bet v 1

To investigate whether B cell-derived exosomes can
bind Bet v 1-derived peptides, the B cell-derived
exosomes were incubated with the biotinylated Bet v
1 peptide Bet v 114,156 by using the acid elution
method previously described for loading exosomes
with tumor peptides.30 Exosomes loaded with biotiny-
lated Bet v 145156 gave rise to a significantly higher
absorbance signal compared with exosomes not loaded
with peptide, biotinylated Bet v 1,45_15¢ alone, or PBS
when analyzed with ELISA (Fig 2). These data indicate
that the biotinylated peptides were present on the exo-
some surface.

B cell-derived exosomes loaded with Bet v 1
peptides induce specific T-cell proliferation

Bet v 1-specific TCLs generated from donors 1, 3, and
4 (Table I) were incubated with increasing amounts of
exosomes either unloaded or loaded with a mixture of
Betv 1415 and Betv 1145.156. In parallel, T cells were stim-
ulated with Bet v 1 or the respective peptides in the pres-
ence of EBV-transformed B cells from donor 1 or donor 2.
To confirm that free peptides had been removed from
loaded exosomes during the filtration step, the correspond-
ing amount of peptides as used for loading of the exo-
somes was filtrated in parallel, and the upper fraction
corresponding to the exosome fraction was added to the



4 Admyre et al

J ALLERGY CLIN IMMUNOL

umm 2007
HLA-DR MHC class I CD19 o CD1%
250 25 25 - HLA-DR 250 MHC class I e
2] n @
€ £ £ £ £ 1 £
3 £
8 1‘ H,#: 8 8 8 8 i
0 0 0 0 0
100 10! 1u2 103 104 100 10" 102 10® 10* 10 10! 102 10% 104 100 10" 102 10% 0% 100 10! 102 103 104 100 10! 102 103 104
FL-1 FL-2 FL1 FLA FL-2
CD40 CD54 CD40 CD54 CD63
250 250 250 CDé3 250 250
“ ]
3 S o [S3 S
0 0 04 T T T 0 T T T 0 0 T 2 3 "
100 10! 102 108 104 10% 10" 10?7 103 10 100 10! 102 103 10t 100 101 102 103 10* 100 10" 10?7 103 10t 100 10! 102 103 10
FL-2 FL-2 FLA FL-2 FL-2
CDEU CD81 CD86 CD80 CD81 CD86
250 250 250 250
2 ] | 2 2 &
E F S €
o o (5] 8
0 0 0 ] g T T 0 -. T T 0
100 101 102 103 10* 109 10! 102 10% 10f 100 10! 102 103 10t 102 10" 102 10® 10* 100 10! 102 103 10t 0% 10! 102 103 10t
FL2 FL-2 FL-2 FL-2 FLA

FL-1

FIG 1. Phenotypic characterization of B cells and their exosomes. EBV-transformed B-cell lines (A) or their exo-
somes coated onto anti-MHC class Il beads (B) were analyzed for surface molecules by using flow cytometry.
All antibodies were compared with isotype-matched controls (gray area). Three repetitive experiments of
exosomes and cells from donors 1 and 2 were performed. The data show 1 representative experiment.
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FIG 2. Detection of Bet v 1 peptide on exosomes. Exosomes loaded
with biotinylated Bet v 1 peptide, not loaded exosomes, only
peptide, or only PBS were added to anti-MHC class Il coated plates.
The peptides were detected by ELISA. Bars show the mean absor-
bance from 6 experiments by using exosomes from donor 2. Sta-
tistical analysis was performed by using the Wilcoxon matched
pairs test.

T cells. Proliferation of Bet v 1-specific T cells was inves-
tigated after 48 hours. Birch peptide—loaded exosomes
induced a dose-dependent proliferation of T cells (Fig 3)
with the strongest responses induced using 50 pg/mL exo-
somes (Fig 3). Exosomes not loaded with Bet v 1-derived
peptides gave rise to much lower levels of proliferation
(Fig 3), showing that the response was antigen-specific.
No increased proliferation was seen for the control of
free peptide (data not shown), indicating that the prolifer-
ation is not a result of the presence of free peptide in the
loaded exosome preparation. Bet v 1—specific TCLs re-
sponded to stimulation with Bet v 1 or Bet v 1 peptides
in the presence of B cells as APCs (Fig 3).

B cell-derived exosomes loaded with Bet v 1-
derived peptides induce cytokine production
of allergen-specific T cells

Supernatants of stimulated TCLs were analyzed by
using CBA. Peptide-loaded exosomes induced a cytokine
response similar to that observed on stimulation with
peptides presented by the corresponding B-cell lines. Bet v
1—specific TCLs from all 3 donors displayed a typical Ty2
response characterized by high levels of IL-4, IL-5, and
IL-13 and lower levels of IFN-y and TNF-a (Table II)
when stimulated with peptide-presenting B cells. In line
with the weaker proliferative response induced by pep-
tide-loaded exosomes compared with B cell-presented
peptides, cytokine levels were also lower, showing high
levels of IL-5 and IL-13 and low or no levels of IL-4,
IFN-vy, and TNF-« (Table II). One exception was TCLs
from donor 1, which secreted more IL-13 when stimulated
with 50 pg/mL peptide-loaded exosomes compared with
B cells (Fig 3; Table II). Neither Bet v 1-specific TCLs
activated with peptide-presenting exosomes nor B cells
showed significant production of IL-7 and IL-9 (data not
shown). Results from donor 1 showed that autologous
and HLA-matched B cells and exosomes induced compa-
rable responses (Table II).

DISCUSSION

The capacity of exosomes to present allergen-derived
peptides and to activate allergen-specific T cells was
investigated. To obtain sufficient quantities of exosomes,
EBV-transformed B cells from 2 individuals with birch
pollen allergy with known HLA phenotypes were used as
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FIG 3. Proliferation of T cells stimulated with Bet v 1 peptide-loaded exosomes (exos). Bet v 1-specific TCLs
were incubated with Bet v 1 peptide-loaded or not loaded exosomes, with B cells alone or together with Bet v
1 peptides or Bet v 1. Cell proliferation are presented as A counts per minute (dpm), or mean cpm of duplicates
in stimulated cultures minus mean cpm of duplicates in negative controls—that is, TCLs incubated with B cells
without peptide (median, 72,301 cpm; range, 39,508-91,268 cpm) or TCLs incubated with medium alone
(median, 344 cpm; range, 261-417 cpm). Bars show median values of all individuals.

TABLE Il. Cytokine responses of TCL to Bet v 1 peptides presented by either B cells or exosomes

TCL Donor IL-2 IL-4 IL-5 IL-13 (pg/mL) IL-10 INF-y TNF-«
Donor 1 B/P* 1 1007 2612 1238 210 325 718 498
E/P* 1 264 86 1269 2756 20.5 39.6 65.1
B/P 2 461 2262 2612 345 153 459 303
E/P 2 92 81 1101 2388 15.1 324 33.6
Donor 3 B/P 1 125 214 1377 5050 29.1 <5 192
E/P 1 <5 <5 18 81 <5 <5 <5
B/P 2 24.6 177 1213 2886 22.6 188 90.1
E/P 2 <5 11.0 113 540 1.5 166 11.1
Donor 4 B/P 1 <5 88 2615 4748 23.9 103 10.8
E/P 1 <5 8.9 637 1032 <5 <5 <5
B/P 2 116 467 1743 3682 325 453 12.3
E/P 2 <5 6.0 676 1029 <5 <5 <5

*TCLs were stimulated with B cells plus 5 wg/mL Bet v 1415 and Bet v 114156 peptides (B/P) or 50 pwg/mL peptide-loaded exosomes (E/P) derived from either
donor 1 or donor 2. Cytokine levels at 48 hours represent mean of duplicates of stimulated cultures minus mean of duplicates from control cultures—that is,

B cells plus medium or unloaded exosomes, respectively.

a source for exosomes (Table I). The phenotype of isolated
exosomes was in accordance previous reports showing
high expression of MHC classes I and II, the tetraspanin
proteins CD63 and CD81, and the presence of the costi-
mulatory molecules CD40, CD80, and CD86.* In addi-
tion, the exosomes in this study expressed the molecule
CD19, which together with CD21 and CDS81 is part of
the B-cell coreceptor.”’

Exosomes were loaded with 2 distinct peptides derived
from the major birch pollen allergen, Bet v 1. Bet v 145
corresponds to the amino acid residues 4 to 18 in the N-ter-
minal region, whereas Bet v 1,4,_15¢ corresponds to amino
acid residues 142 to 156 in the C-terminal part of Bet v 1.
Both peptides contain relevant T-cell epitopes presented
by the MHC class II molecules expressed by the individ-
uals included in this study. Bet v 1145156 is the immuno-
dominant T-cell epitope of Bet v 1.*° Binding of Bet v
1—derived peptides to the surface of the exosomes was
confirmed by using ELISA (Fig 2). Stimulation of Bet v

1-specific TCLs with peptide-loaded exosomes induced
a dose-dependent proliferation (Fig 3), demonstrating for
the first time that B cell-derived exosomes can activate al-
lergen-specific T cells. Furthermore, peptide-loaded exo-
somes induced the production of IL-5 and IL-13 (Table
II), which is typical for Bet v 1—specific T cells.?” The ob-
served variation in the levels of IL-4 and IL-5 or IL-13 in
both supernatants from TCLs stimulated with peptide
presented by exosomes and B cells may be referred to
the possibility that the TCL from the donors are differently
sensitive to Bet v 1 stimulation. Proliferative and cytokine
responses induced by peptide-loaded exosomes were in
general weaker than those induced by peptides presented
by EBV-transformed B cells (Fig 3; Table II). However,
it is not possible to compare exosomes directly with B
cells in our system because with currently available
methods, it is not possible to quantify exactly the number
of exosomes contained in the used fractions. Nevertheless,
the yield of exosomes was very similar between both
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donors tested (data not shown), showing that our isolation
methods were reliable and reproducible. Moreover, exo-
somes from both donors induced comparable responses
in 3 TCLs, indicating that loading of the exosomes with
Bet v 1 peptides worked efficiently and that the quantifica-
tion of exosomes was reproducible. We here used EBV-
transformed B cells as a source of exosomes, and it is pos-
sible that exosomes from nontransformed B cells differ to
some extent in their effect on T-cell stimulation; however,
because of the high number of cells needed, isolation of
exosomes from nontransformed B cells was not possible
in this study.

It is still under debate how T-cell activation by
exosomes is achieved. Some studies indicate that exo-
somes can stimulate T cells directly,3’16’17 whereas others
demonstrate that exosomes needs the presence of APCs to
exert their effect.'®3%3 These conflicting results might be
a result of differences in the phenotype of the responder
cells and/or the exosomes, the exosome dose, or the affin-
ity for the antigen used. In our study, peptide-loaded exo-
somes activated T cells without addition of APCs. Their
high expression of MHC and costimulatory molecules
(Fig 1) is probably 1 important factor for this direct effect.

The importance of allergen-peptide loaded exosomes
in vivo needs still to be investigated. We have previously
reported that exosomes that express MHC classes I and 11
as well as costimulatory molecules are present in BAL fluid
from healthy individuals.'® Our preliminary unpublished
data showed that this is also true for patients with allergic
asthma, indicating that exosomes are present in the target
organ at the site of allergic inflammation.

Furthermore, a previous study has shown that B-cell
receptor triggering of a human follicular lymphoma B-cell
line leads to increased release of exosomes.** In individ-
uals with allergy, activation of allergen-specific B cells
could possibly lead to increased release of antigen-
presenting exosomes with the capacity of activating aller-
gen-specific Ty2 cells. During an allergic response in vivo,
allergy promoting exosomes might also come from other
cellular sources like DCs. Exosomes in BAL fluid are
very similar to DC-derived exosomes,'® and DCs are
abundant in the lung.>> DC-derived exosomes have a sim-
ilar but not identical phenotype to B-cell exosomes® and
could therefore give rise to different T-cell responses.

An alternative role for allergen-peptide bearing exo-
somes in vivo is to transport allergen-derived peptides,
perhaps together with immune modulatory molecules, be-
tween different APCs. A recent publication revealed that
exosomes contain mRNA, which can be transported
between cells.*® Furthermore, it has been shown that B-
cell-derived exosomes express functional integrins capa-
ble of anchoring to extracellular matrix and to cell surface
adhesion molecules and may be a way of delivering sig-
nals at a distance different from that of direct cell-to-
cell contact.’’ The fact that exosomes express CD55
and CD59, which protect them from complement lysis,”®
suggests that they would be stable and survive in the ex-
tracellular environment and be able to interact with other
cells.
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If exosomes have a role in stimulating an allergic
response in vivo, they may compose a new target for
allergy prevention and treatment. However, it is likely
that exosomes act as potentiators of immune stimulation
and are not the primary mode of T-cell stimulation.
Furthermore, complete blocking of exosome release might
give adverse effects; hence, this approach requires further
knowledge of exosome biology and function. Alterna-
tively, modified exosomes could be used to modulate the
allergic immune response to induce a more T-regulatory
type of response instead of the allergy-promoting Ty2 re-
sponse. Exosomes from IL-10—treated DCs and from DCs
genetically modified to express Fas ligand have been
shown to be able to suppress inflammatory responses in
mice,>*** hence such exosomes would be of interest to
test in allergic inflammation. Exosome display technol-
ogy, in which proteins by fusion with the lactadherin
C1C2 domain can be targeted to exosomes,*! makes it
possible to manipulate the protein expression of exosomes
and tailor-make them for different applications.

In conclusion, this study shows for the first time that
exosomes can present allergen-derived peptides and
stimulate allergen-specific T cells to proliferate and
release cytokines. This finding suggests that APC-de-
rived exosomes may have a contributing role in activa-
tion of T cells during allergic immune responses, and
future in vivo experiments will reveal whether exosomes
could constitute a new therapeutic target in antiallergy
treatment.

We thank Astrid Radakovics for excellent technical assistance.
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