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A vaccine based on exosomes secreted by a dendritic cell line confers
protection against T. gondii infection in syngeneic and allogeneic mice
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Abstract

Our results show that exosomes secreted by SRDC pulsed in vitro with Toxoplasma gondii-derived antigens (Exo-TAg) induced protective
responses against infection with the parasite in both syngeneic and allogeneic mice. After oral infection, syngeneic CBA/J mice exhibited sig-
nificantly fewer cysts in their brains and allogeneic C57BL/6 mice survived. This protection was associated with strong humoral responses in
vivo in serum from both CBA/J and C57BL/6 mice, and with high levels of anti-TAg IgA antibodies in intestinal secretions from CBA/J mice
alone. Furthermore, strong cellular responses in vivo were observed in both mouse models. Cellular proliferation was associated with cytokines
production by spleen and mesenteric lymph node cells. The results presented here show that exosomes are nucleic acid free vesicles that are able
to induce immune responses correlated with protection against parasitic infections in both syngeneic and allogeneic mice. They could constitute
an efficient tool for use in vaccination and antitumor strategies based on exosomes.
� 2007 Elsevier Masson SAS. All rights reserved.
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1. Introduction

The coccidian protozoan Toxoplasma gondii (T. gondii) is
an obligate intracellular parasite responsible for toxoplasmosis
[1]. After a primary infection in immunocompetent individuals,
the replication of tachyzoites is limited, resulting in the forma-
tion of bradyzoite forms, a dormant stage of the parasite.
Usually asymptomatic, toxoplasmosis can lead to severe
damage if associated with immunosuppression due to the

reactivation of encysted parasites or transmission to the fetus
during pregnancy. Several studies aim to identify protective
anti-T. gondii vaccine. Attenuated T. gondii tachyzoite
vaccines have been successfully used for animal use [2], but
vaccination with live organisms cannot be safely performed
in humans. Protective antigens were identified among parasite
surface molecules such as SAG1 [3] and induced the develop-
ment of significant but partial protection in animal models.

Dendritic cells (DCs) are professional antigen-presenting
cells that control the outcome of the immune response [4].
Due to these properties, DCs have been proposed as vaccine
vectors [5]. We previously reported that transfer of DCs pulsed
with T. gondii antigens (TAg) to healthy mice induced protec-
tion against a virulent oral challenge of T. gondii [6]. However,
this approach is limited due to difficulty to obtain high quan-
tity of DCs suitable for vaccination [7].
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The ability of exosomes, especially those derived from
DCs, to induce protective immune responses offers an alterna-
tive to DC-based vaccines. Exosomes are cell-free membrane
vesicles and secreted by several cell types [8e10]. Exosomes
display functional MHC class I and class II and T-cell costi-
mulatory molecules on their surface [8]. Exosomes derived
from the DC cell line D1 and loaded with tumor peptides in-
duce a protective immune response, leading to the eradication
of established tumors in mice [11]. The potential of exosome-
based vaccines was evidenced in a Phase I clinical trial in
stage IV melanoma patients (long-term safety and in vivo bio-
activity) [12].

We recently reported that SRDC (CD8a þ CD4� DC cell
line) elicit protection in syngeneic mice against T. gondii
infection [13]. In this study, we evaluated whether SRDC-
derived exosomes may induce a protective immune response
against T. gondii in syngeneic CBA/J mice and in allogeneic
C57BL/6 mice.

2. Materials and methods

2.1. Mice

All in-vivo immunization experiments were carried out
using female CBA/J (H-2k) and C57BL/6 (H-2b) mice (Janvier,
France) and maintained in a pathogen-free environment. CBA/J
mice are resistant to the acute phase of infection by T. gondii
resulting in brain cyst formation whereas C57BL/6 mice are
sensitive and die 8e10 days after the oral challenge.

2.2. Parasites

Tachyzoites of the RH strain of T. gondii were harvested
from the peritoneal fluid of Swiss OF1 mice, intraperitoneally
infected 3e4 days earlier. Tachyzoites were washed with
RPMI 1640 medium (Invitrogen), sonicated and centrifuged
at 2000 � g for 30 min at 4 �C. The supernatant from the
last centrifugation was concentrated through dialysis tubing
to produce aliquots. A protein assay reagent kit (MicroBCA;
Sigma-Aldrich, St-Louis, USA) was used to determine the
protein concentration. Cysts of the T. gondii 76K strain were
obtained from the brain of orally infected CBA/J mice with
80 cysts one month earlier.

2.3. Exosome purification

The previously described [13], DC cell line SRDC was cul-
tured for 18 h without or with 25 mg ml�1 of TAg. The super-
natants were recovered and centrifuged twice for 30 min at
4 �C, at 3000 and 10,000 � g, respectively. Exosomes were
pelleted at 100,000 � g for 1 h at 4 �C, washed in PBS and
ultracentrifuged again. After resuspension, the protein concen-
tration was determined using micro-BCA kit. A total of 10 ml
of exosome solution was used for microscopy observation,
made with a Jeol 1010 XC electron microscope (Tokyo,
Japan).

2.4. Quantitation of Toxoplasma antigen in the
preparations of exosomes

The content of free TAg into the purified exosomes was
determined by competitive inhibition ELISA. Briefly, wells
coated with 5 mg ml�1 TAg, and blocked with 2% BSA, were
incubated with serial 2-fold dilution of purified TAg standard
or TAg-exosomes diluted in a 1/100 dilution of mouse anti-
toxoplasma sera. Control-exosomes were used as negative con-
trols. The Ig binding was detected with a goat anti-mouse IgG
alkaline phosphatase conjugate (Sigma) diluted 1:5000 in
BSA 4%. The limit of detection of the assay was 5 ng ml�1 TAg.

2.5. Adoptive immunizations and Toxoplasma challenge

Exosomes isolated from unpulsed-SRDC (Exo-NP) or TAg-
pulsed-SRDC (Exo-TAg) supernatants were purified as previ-
ously described. Mice (12 by groups) received intravenously
5 mg of Exo-NP, Exo-TAg, TAg or 5 mg of Exo-NP co-injected
with 5 mg of TAg (Exo-NP þ TAg) in 200 ml of PBS at day
0 and day 15. CBA/J and C57BL/6 mice were orally challenged
with 80 cysts and 30 cysts of T. gondii 76K strain, respectively,
at day 30. Serum, intestinal secretions, spleen and mesenteric
lymph nodes were harvested 10e13 days after each passive
exosome transfer. At day 30 post-oral challenge CBA/J mice
were sacrificed and each brains were recovered separately for
cerebral cyst counting. Results are expressed as cyst number
(mean � SD). For the C57BL/6 mice, the mortality was fol-
lowed daily from day 9 to 21 after the oral challenge.

2.6. Analysis of humoral and cellular immune response

Serums and intestinal secretions were recovered and stored
at �20 �C. Immunoblotting was performed as previously
described, using TAg [14]. Serum and intestinal secretions
from infected mice and 1E5 mAb (anti-SAG1) were used as
positive controls. For lymphocytes proliferation and cytokine
analysis, spleen and MLN cells from CBA/J and C57BL/6
mice were seeded in triplicate in 96-well culture plates
(5 � 105 cells/well) and cultured 3 days in supplemented
RPMI medium without or with 2e10 mg ml�1 TAg. Cells
were pulsed with 0.5 mCi 3H-thymidine per well for 18 h.
Radioactivity was measured by liquid scintillation counting.
Results are expressed as a stimulation index defined as follows:
A/B where A and B are the cpm values obtained with
TAg-stimulated and non-stimulated cells, respectively. Culture
supernatants were harvested at different times, from 24 h to
96 h and assayed for IL-2, IL-4, IL-10, and IFN-g production
using commercial ELISA kits following to the manufacturer’s
instructions (BD pharmingen, San Diego, California, USA).

2.7. Short-term homing

Freshly-purified exosomes from SRDC-cells were labeled
with 1 mCi of 51Cr per mg of exosomes for 2 h at 37 �C and
washed by successive centrifugations. Exosomes (10 mg)
were injected into the tail vein of CBA/J and C57BL/6 mice.
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