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Abstract Dendritic cells (DC)-derived or tumor-derived
exosomes are a population of nanometer sized membrane
vesicles that can induce specific anti-tumor immunity.
However, the immunogenic potential and efficiency of
exosomes-based tumor vaccine are not satisfactory enough
to achieve a curative effect in clinical trials. In this article
we investigated whether IL-18 genetic modification of
tumor cells can increase the efficacy of exosomes derived
from IL-18 gene-modified tumor cells. We transfected
carcinoembryonic antigen (CEA)-expressing tumor cells
with a recombinant adenovirus encoding human IL-18
(AdhIL-18) and prepared the exosomes, Exo/IL-18, from
IL-18 gene-modified tumor cells. We found that Exo/IL-18
naturally contain CEA and bioactive IL-18. Moreover,
Exo-IL-18 are potent in chemoattracting DC and T cells,
enhancing the proliferation and Th1 cytokine release of
PBMC, and promoting the phenotypic and functional
maturation of DC. Furthermore, Exo/IL-18-pulsed DC are
quite potent to induce HLA-A*0201-restricted, CEA-spe-
cific CD8+ CTL from the PBMC of HLA-A*0201 CEA+

cancer patients in vitro. In almost all of these experiments,
Exo/IL-18 show more potent functions than the conven-

tionally prepared exosomes derived from parent tumor cells
without IL-18 gene modification. Our findings suggest that
Exo/IL-18 has more potent capability to induce specific
anti-tumor immunity, and our strategy of IL-18 modification
of exosomes is a feasible approach to develop exosomes-
based tumor vaccines.
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Abbreviations
DC dendritic cells
CEA carcinoembryonic antigen
AdhIL-
18

recombinant adenovirus encoding human IL-18

Exo exosomes derived from tumor cells
Exo/IL-
18

exosomes derived from AdhIL-18-transfected
tumor cells

MLR mixed lymphocyte reaction
CTL cytotoxic T lymphocytes
MOI multiplicity of infection
PBMC peripheral blood mononuclear cells

Introduction

Developing effective tumor vaccines is a major task of
cancer immunotherapy. Ideal tumor vaccine should be able
to elicit tumor-specific T cells capable of recognizing and
eliminating tumor cells [1]. In recent years, the identifica-
tion of a kind of potential tumor vaccine, exosomes, has
brought new light for the preparation of ideal tumor
vaccine. Exosomes, as a kind of cell-free vaccine, are a
population of nanometer sized membrane vesicles secreted
by many types of cells such as dendritic cells (DC), T and B
lymphocytes and tumor cells [2, 3]. Two types of
exosomes, DC-derived exosomes and tumor-derived
exosomes, showed capability of inducing tumor-specific
T cell responses and protective anti-tumor immunity in
animal models [2, 3]. Exosome-based vaccines are even
under clinical trials for cancer immunotherapy [4, 5].
However, the immunogenic potential and efficiency of
exosomes-based tumor vaccine remain to be improved to
obtain satisfactory curative effects. It was shown that
vaccination of exosomes bearing tumor antigens in combi-
nation with immunoadjuvants (e.g. CpG) can induce the
augmented anti-tumor effects [6]. Adjuvants, especially
Th1-type cytokines (such as IL-2, IL-12 and IFN-γ), were
proven to be helpful in tumor immunotherapy [7].
Therefore, we investigated the efficiency of tumor-derived
exosomes after the incorporation of cytokines into tumor
cells.

IL-18, previously identified as IFN-γ-inducing factor, is
also a promising vaccine adjuvant [8]. IL-18 elicits a variety
of effects on immune response, including stimulating natural
killer cells (NK) and T/B lymphocytes to produce high levels
of IFN-γ and IL-2 [8, 9], promoting T cell proliferation
[8, 10], enhancing killing activity of cytotoxic T lympho-
cytes (CTL) and NK cells [11–13], facilitating DC matura-
tion [14], exerting pro-inflammatory properties by inducing

the release of IL-1β, TNF-α, chemokines [15] and chemo-
attracting DC, T cells and polymorphonuclear cells [16–18].
We and others have previously shown that IL-18 has potent
anti-tumor immunity by inducing CD4+, cytotoxic CD8+

T cells and NK cells [12, 13, 19–23], potentiating FasL-
mediated cytotoxicity and inhibiting tumor angiogenesis [12,
24]. Therefore, the pleiotropic activities of IL-18 suggest that
IL-18 plays an important role in the induction of anti-tumor
immunity.

In this study, we investigated the efficacy and specificity
of exosomes derived from IL-18 gene-modified tumor cells.
We infected LS-174T tumor cells, the well-known human
colon adenocarcinoma cell line producing high levels of
CEAwith recombinant adenovirus expressing human IL-18
(AdhIL-18) to obtain exosomes containing bioactive IL-18
(Exo/IL-18). We demonstrated that Exo/IL-18 enhance DC
functions in vitro by up-regulating the expression of co-
stimulatory molecules, enhancing the production of IL-
12p70 and TNF-α and promoting the immmunostimulatory
capacity of DC. Exo/IL-18 also effectively chemoattract
DC and T cells. Most importantly, a superior CEA-specific
CTL are generated from lymphocytes derived from HLA-
A*0201 CEA+ cancer patients when the lymphocytes are
incubated with Exo/IL-18-pulsed DC, compared with those
generated from the lymphocytes incubated with DC pulsed
with other exosomes including exosomes derived from
LS-174T cells (Exo) or AdLacZ genetically modified
LS-174T cells (Exo/LacZ). These findings suggest that
Exo/IL-18 are more potent in the induction of anti-tumor
immunity than traditional exosomes, and the preparation
of exosomes from tumor cells geneticaly modified with
cytokine adjuvants is a simple and feasible strategy in
developing exosomes-based tumor vaccines.

Materials and methods

Cell lines and synthetic peptides

LS-174T (HLA-A2+, CEA+), SW480 (HLA-A2+, CEA+),
LoVo (HLA-A2−, CEA+), human TAP-deficient T2 cells
and transformed HEK293 cells were obtained from the
American Type Culture Collection (Manassas, VA) and
maintained in the corresponding culture medium according
to the supplier’s specifications. All cells are free of
mycoplasma. The HLA-A*0201-restricted CEA peptide
CAP-1 (YLSGANLNL) and the irrelevant HLA-A*0201-
restricted coronavirus SARS-CoV spike protein peptide
SSp-1 (RLNEVAKNL) were synthesized according to
standard solid phase synthesis methods and were purified
by HPLC. The purity (more than 95%) and identity of
peptides were determined by analytical HPLC and mass
spectrometry analysis, respectively.
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Patients

All patients were required to give written and informed
consent before participation in the study. Patients had a
histologically confirmed diagnosis of stage III carcinoma of
colon. Entry criteria were as follows: confirmation of
HLA-A*0201 by PCR-based DNA typing (One Lambda,
Inc. CA, USA), positive CEA expression (as defined by
immunohistochemical analysis), no chemotherapy or
radiotherapy 4 weeks before the study. In our study,
four HLA-A2+-restricted CEA+ patients (two males and
two females) were selected.

Construction and identification of recombinant human
IL-18 adenovirus

We constructed AdhIL-18 using AdEasy™ Adenoviral
Vector System (Stratagene, La Jolla, CA). Briefly, DNA
fragment encoding the active form of hIL-18 with IL-2
signal peptide at the N-terminal were synthesized and
inserted into the expression vector pShuttle-CMV between
the Xho I and EcoR V sites, and the resulting plasmid was
designated pAdhIL-18. Linearized pAdhIL-18 was co-
transformed into competent Escherichia coli BJ5183 cells
with supercoiled circular pAdEasy-1 by electroporation.
Recombinant adenoviral vector DNA isolated from the
selected positive clone was linearized and transfected into
HEK293 cells to pack recombinant adenovirus AdhIL-18
by a MBS mammalian transfection kit (Stratagene) accord-
ing to the manufacturer’s standard protocol. After several
cycles of propagation, the recombinant adenoviruses
AdhIL-18 were purified by CsCl banding, and the final
yields were measured as described previously [25]. The
expression of hIL-18 was confirmed by ELISA assay
(Medical & Biological Laboratories Co., Ltd, Nagaoya,
Japan) of the culture supernatants of AdIL-18-transducted
LS-174T cells.

Bioassay of hIL-18

The biological activity of hIL-18 was determined by its
ability to induce IFN-γ production of peripheral blood
mononuclear cells (PBMC) in the presence of Con A as
described previously [8]. PBMC were plated at 2×105

cells/well in RPMI1640 supplemented with 50 U/ml
penicillin, 50 mg/L streptomycin, 2 mM L-glutamine,
1 mM sodium pyruvate, and 10% decomplemented
FCS in a final volume of 200 μl together with
0.5 mg/L Con A and the samples (either supernatant
or exosomes). The cultures were incubated for 48 h at
37°C in 5% CO2, and then supernatants were analyzed
for human IFN-γ by ELISA (R&D systems, Minneapolis,
MN).

Exosomes purification

Exosomes were purified as described previously [26–28].
2 h after transfection of cells with or without adenovirus at
200 of MOI, cells were washed three times with PBS and
cultured in complete DMEM medium. After 48 h culture,
the supernatants were collected for isolation of Exo/IL-18
or Exo/LacZ or Exo. For further exosomes purification, the
exosomes suspended in PBS were layered onto discontin-
uous density cushion (30–45% sucrose, w/v) in 20 mM
Hepes/NaOH, pH7.4 (1.13–1.19 g/ml) and centrifuged at
100,000×g for 2 h. Exosomes accumulated at the interface
were collected and then washed with PBS. Exosome
proteins were measured by the Bradford assay (BioRad).
Endotoxin contamination in exosomes was analyzed by
limulus amebocyte lysate (BioWhittaker, Walkersville,
MD) to be less than 0.05 EU/μg exosome protein.

Western blot assay

Western blot assay of the components in exosomes was
performed as described previously by us [28]. Primary
antibodies used here were: anti-CEA (clone CE05, neo-
marker, 47790 Westinghouse Dr., Fremont, CA, USA),
anti-HSP27 (F-4), anti-HSP40 (C-20), anti-HSP70 (K-20),
anti-Hsc70 (B6), anti-ICAM-1 (C-19), anti-B7.1 (N-20), anti-
B7.2 (C-19), anti-transferrin receptor (TfR, K-20), anti-
LAMP-3 (MX-49.129.5, Santa Cruz Biotechnology, Inc,
Santa Cruz, CA) and anti-MHC-2 (HC10, Soldano Ferrone,
Roswell Park Cancer Institute, NY, USA).

In vitro PBMC proliferation assay

PBMC proliferation assay was conducted as described with
minor modifications [29]. Briefly, 2×105 PBMC per well
were added to 96-well round-bottom culture plates and
cultured with exosomes in a final volume of 200 μl
RPMI1640 supplemented with 10% FCS at 37°C in 5%
CO2 for 72 h in the presence of PHA (20 μg/ml). [3H]
thymidine (0.5 μCi/well) was added to the cells for an
additional 18 h. The cells were harvested onto filters and
counted by liquid scintillation counting (Wallac 1400 DSA,
USA). In parallel, after 72 h culture, the supernatants were
harvested and tested for IL-2 production by ELISA
(Endogen, Cambridge, MA).

Induction of in vitro DC maturation by exosomes

Monocyte-derived DC from healthy individuals were
generated as described [30]. TNF-α (1 ng/ml) and PGE2
(500 nM) (Cayman Chemical, Ann Arbor, MI) were used to
induce DC maturation. Immature DC (iDC) on day five
were cultured with 5 μg/ml exosomes or 1 μg/ml LPS or
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medium for an additional 48 h and then resuspended in
50 μl PBS. DC were stained with FITC-labeled anti-CD80,
PE-labeled anti-CD86, PE-labeled anti-CD40, PerCP-
labeled anti-HLA-DR, and analyzed on FACScan. In
parallels, the supernatants were harvested and measured for
IL-12p70 and TNF-α concentrations using commercially
available ELISA kits (Endogen, Cambridge, MA) [31].

Mixed lymphocyte reaction (MLR)

MLR was conducted as previously described [32]. Briefly,
iDC on day five were collected and incubated with 5 μg/ml
exosomes, medium or 1 μg/ml LPS for 48 h, and were then
used as stimulator after irradiation (5000 rad). Allogeneic
T cells, isolated by anti-CD3 magnetic beads (Miltenyi
Biotec, Auburn, CA), were then stimulated with the
irradiated DC at different responder/stimulator ratios. After
3 days culture, [3H] thymidine (0.5 μCi/well) was added to
each well, and the incorporated radioactivity was measured
18 h later.

Chemoattraction assay of DC and T cells

Chemoattraction of DC and T cells in response to exosomes
was investigated in 24-well trans-well culture plates as
described with minor modification [33]. Briefly, CD4+ or
CD8+ T cell populations were positively purified from
PBMC using the anti-CD4 or anti-CD8 magnetic beads
(Miltenyi Biotec, Auburn, CA). Purity of CD4+ or CD8+

T cells was more than 90% as judged by flow cytometry
analysis. 1×106 cells/ml purified CD4+ or CD8+ T cells,
iDC on day five, or mature DC (mDC) on day seven in
200 μl medium were added to the upper chamber of each
trans-well. The chambers were incubated for 4 h at 37°C.
The number of cells that chemoattracted into the bottom
well was counted by FACS. Results were expressed as the
chemotactic index: the quotient of the number of chemo-
attracted cells in the presence of exosomes/chemoattracted
cells in the presence of medium.

Induction of HLA-A*0201-restricted antigen-specific CTL
from PBMC of cancer patients

PBMC from HLA-A*0201 positive cancer patients were
isolated by Ficoll-Hypaque density gradient centrifugation.
On day five of DC culture, 2×105 DC/well were pulsed
with 10 μg exosomes in 24-well plates for 2 h in 200 μl of
culture medium, and then were co-cultured with autologous
T cells at a ratio of 1:10 in a final volume of 2 ml/well in
the presence of 10 ng/ml recombinant human IL-7
(Peprotech Inc., Rocky Hill, NJ). CTL were induced as
previously described [34]. 7 days after the final stimulation,
functions of the stimulated lymphocytes were evaluated by

IFN-γ release assay, cytotoxicity assay and HLA-A*0201/
YLSGANLNL tetramer assay (ProImmune, Oxford Bio-
Business Centre, Littlemore Park).

Fig. 1 Identification of the recombinant adenovirus AdhIL-18. a Time
course of IL-18 production after adenovirus infection (200 MOI) of LS-
174T cells. b Dose-dependent production of IL-18 after adenovirus
infection of LS-174T cells. c Bioactivity of hIL-18. The supernatants
from either wild type LS-174T cells (WT) or tumor cells transduced
with AdhIL-18 (AdhIL-18) or with AdLac Z (AdLacZ) at 200 MOI
72 h after infection were harvested and co-cultured with PBMCs in the
presence of Con A for 48 h. Results were presented as the means±SEM
and were representative of three independent experiments
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For IFN-γ release assay, stimulator cells (T2 cells) were
pulsed with 50 μg/ml CAP-1 (T2/CAP-1) or SSp-1 (T2/SSp-1).
The supernatants of 5×104 effector cells co-cultured with 1×104

T2/CAP-1 or T2/SSp-1 or native T2 were tested for the level
of IFN-γ by ELISA assay (R&D systems) [35].

Cytotoxicity assays were performed using a standard
4-h 51Cr release assay as described [34]. CD8+ T cells were
obtained by negative selection after four rounds of in vitro
stimulation. Targets for CTL activity were SW480 and
LoVo cells. All target cells were harvested, washed,
counted and labeled with 100 μCi 51Cr/106 target cells
(Amersham, Arlington Heights, IL). Labeled target cells
(104 cells/well) were washed three times before use and
cocultured with CD8+ T cells at various E:T ratios. Each
assay was performed in triplicate.

Statistics

Results are expressed as the means±SEM or the means±SD.
Comparisons between two groups were conducted by
Student’s “t” test. Multiple comparisons were done with a
one-way ANOVA followed by Fisher’s least significant
difference analysis. Pairwise comparisons were done by
performing nonparametric Mann–Whitney U test. Most of
the experiments were repeated at least twice. P values of
0.05 or less were considered significant.

Results

Identification of the recombinant adenovirus AdhIL-18

LS-174T cells genetically modified with AdhIL-18 at a
different MOI secreted different levels of hIL-18 at
different times. A maximal hIL-18 production by the

modified cells was observed 72 h after AdhIL-18 modifi-
cation at 200 MOI (Fig. 1a), and the hIL-18 concentrations
ranged from about 400 pg/ml at 100 MOI to 1000 pg/ml at
200 MOI. LS-174T cells transfected with the control

Fig. 2 Western blot assay of the protein components of exosomes.
Exosomal proteins or tumor cell lysates were analyzed by Western
blot using antibodies directed against IL-18, CEA, Hsc70, HSP70,
HSP27, HSP40, MHC-I, B7.1, B7.2, ICAM-1, LAMP-3 and TfR

Fig. 3 In vitro effects of exosomes on proliferation and Th1 cytokine
production of PBMCs. a Exo/IL-18 induces IFN-γ release of PBMCs.
PBMCs were co-cultured with indicated exosomes in the presence of
Con A for 48 h to induce the release of IFN-γ. b and c Exo/IL-18
promotes the proliferation and IL-2 production of PBMCs. Cells cultured
without PHA (medium) were used as negative control. In a and c, results
were presented as the mean±SEM; In b, results were presented as the
mean±SD of triplicate experiments. *, P<0.01; ▲, P<0.05
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adenovirus AdLacZ secreted no hIL-18 (Fig. 1b). More-
over, the supernatants from AdhIL-18 modified LS-174T
cells could induce PBMC to release IFN-γ (Fig. 1c),
suggesting that hIL-18 in the supernatants is functionally
active. These results showed that the recombinant
adenovirus AdhIL-18 was successfully constructed.

Characterization of exosomes isolated from AdhIL-18
transfected tumor cells

When LS-174T cells were transfected with AdhIL-18, the
growth rate of these cells was not affected by the
transfection (data not shown). Exo/IL-18 were isolated
from the culture supernatant of AdhIL-18 transfected
LS-174T cells. Exo/IL-18 were a heterogenous popula-
tion of 30–90 nm vesicles in diameter when observed
under electron microscopy (data not shown), which was
consistent with the morphology of typical exosomes [3,
28]. Western blot analysis showed that Exo, Exo/LacZ and
Exo/IL-18 all contained CEA, HSP70, Hsc70, TfR,
LAMP-3 and MHC-2 while hIL-18 was only detected in
Exo/IL-18 (Fig. 2). These results indicated that hIL-18 was
sorted into Exo/IL-18, which contains tumor antigen (CEA)
and HSPs.

Exo/IL-18 efficiently promote PBMC proliferation
and Th1 cytokine production

PBMC incubated with Exo/IL-18 significantly secreted
higher levels of IFN-γ than that incubated with the
control exosomes (Fig. 3a) (P<0.01), indicating that the
hIL-18 in Exo/IL-18 was bioactive and could enhance
IFN-γ release from PBMC in the presence of Con A. We
also tested the proliferation and IL-2 secretion of Exo/IL-
18-treated PBMC. We found that Exo/IL-18 augmented
the proliferation (Fig. 3b, P<0.01) and IL-2 secretion of
PBMC in the presence of PHA (Fig. 3c, P<0.05) while no
effects were observed in the absence of PHA. Meanwhile,
the control exosomes including Exo and Exo/LacZ could
not demonstrate similar effects, indicating that these effects
of Exo/IL-18 should be ascribed to the IL-18 sorted into
Exo/IL-18 through genetic modification.

Exo/IL-18 potently induce phenotypic and functional
maturation of DC

It was reported that exosomes derived from different origins
may have different effects on DC maturation [31]. So we
examined the effects of Exo/IL-18 on DC. We observed

Fig. 4 Exo/IL-18 induces phe-
notypic and functional matura-
tion of human DC. a Exo/IL-18
induces phenotypic maturation
of DC. Positive (1 μg/ml LPS)
and negative controls (medium)
for DC maturation were used as
indicated. After 48 h of incuba-
tion, the cells were collected and
stained for HLA-DR, CD80,
CD86 and CD40. b Exo/IL-18
promotes cytokine production of
DC. Supernatants collected from
the cells in a were measured for
their content of IL-12p70 and
TNF-α. c Exo/IL-18-pulsed DC
exhibit potent allo-stimulatory
capacity. iDC on day five were
incubated with 5 μg/ml Exo,
Exo/IL-18, Exo/LacZ or medi-
um for 48 h, irradiated as stim-
ulator cells and then cultured
with allogeneic T cells at differ-
ent responder/stimulator ratios
as indicated. Results were pre-
sented as the mean±SD or the
mean±SEM. Data were repre-
sentative of three separate
experiments. MFI, mean fluo-
rescence intensity; *, P<0.01;
▲, P<0.05
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that Exo/IL-18 could efficiently upregulate the expression
of HLA-DR, CD40 and CD86 on DC (Fig. 4a) and increase
the cytokine production by DC (Fig. 4b, P<0.05). As a
control for DC maturation, we exposed DC to LPS, and we
found that Exo/IL-18-pulsed DC secreted IL-12p70 and
TNF-α comparably to those induced by LPS (Fig. 4b). Our
results of MLR also revealed that Exo/IL-18-treated DC
were more potent in inducing T cell proliferation than DC
treated with Exo or Exo/LacZ (Fig. 4c, P<0.05 at 1:5 or
1:20 of stimulator/responder ratios). These data suggested
that Exo/IL-18 could induce phenotypic and functional
maturation of DC, and Exo/IL-18-pulsed DC had acquired
more potent capability in stimulating T cell proliferation.

Exo/IL-18 can chemoattract DC and T cells

We further tested whether Exo/IL-18 had chemotactic
effects on DC and T cells. At first, we performed a dose-
dependent experiment to test the chemotactic activity of
Exo/IL-18 to mature DC (mDC). We found that chemotactic
indexes increased with the concentration of Exo/IL-18 at the
range of 5–50 μg/ml, while Exo or Exo/LacZ had no
chemotactic effects even at higher concentrations (Fig. 5a).
We then examined the chemoattraction of CD4+, CD8+, iDC
or mDC by 50 μg/ml of Exo, Exo/LacZ or Exo/IL-18.
Results showed that Exo/IL-18 had significant chemotactic
effects for these immune cells to different extents (Fig. 5b),
indicating that Exo/IL-18 could markedly chemoattract T
cells and DC, which was consistent with the report that
IL-18 has indirect and direct chemotactic effects on DC
[36, 37] and T cells [18, 38]. Therefore, our data suggested
that Exo/IL-18 had superior advantages over conventional
exosomes derived from parent tumor cells.

Exo/IL-18-pulsed DC significantly promote the induction
of CEA-specific CD8+ CTL from PBMC of HLA-A*0201
CEA+ cancer patients

We conducted in vitro CTL induction experiments to test
the possibility and efficacy of applying Exo/IL-18 in tumor
immunotherapy. Because Exo/IL-18 was purified from
CEA-positive LS-174T cells and contained CEA, we
isolated DC and PBMC from HLA-A*0201 CEA+ cancer
patients and tested the efficiency of Exo/IL-18-pulsed DC
in the induction of CEA-specific CTL. CEA-specific CTL
were judged by the lysis of CEA+ target cells, IFN-γ
production upon CEA epitope-pulsed T2 stimulation, and
CEA epitope-specific tetramer staining. Results of target
cell lysis showed that CTL induced by Exo/IL-18-pulsed
DC were more potent in killing SW480 cells (CEA+, HLA-
A2+) (Fig. 6a, P<0.05) than that induced by Exo-pulsed or
Exo/LacZ-pulsed DC, but they were less efficient in killing
LoVo cells (CEA+, HLA-A2−) (Fig. 6b), which together

suggested that the observed lysis was CEA-specific in a
HLA-A*0201-restricted manner. Correspondingly, CTL
induced by Exo/IL-18-pulsed DC produced more IFN-γ
after stimulation with T2/CAP-1 than that induced by
Exo-pulsed or Exo/LacZ-pulsed DC (Fig. 6c, P<0.01). In
the tetramer staining assay, CAP-1 tetramer+CD8+ T cells
were detected after 4 cycles of in vitro restimulation with
Exo/IL-18-pulsed DC (8.67%) or Exo-pulsed DC (5.12%)
or Exo/LacZ-pulsed DC (4.42%) (Fig. 6d). It should be
noted that PBMC stimulated by DC loaded with Exo/IL-18
exhibited a higher percentage of CD8+ lymphocytes (up to
51%), compared to that stimulated by DC loaded with Exo

Fig. 5 Exo/IL-18 can chemoattract DC and T cells in vitro. a Dose-
dependent chemoattraction of immature DC (iDC) by exosomes as
indicated. b Exo/IL-18 can chemoattract T cells, immature DC (iDC)
and mature DC (mDC). Results were presented as the mean±SEM of
chemotactic indexes, and were representative of three independent
experiments
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(38%) or Exo/LacZ (35%) (Fig. 6d), suggesting that hIL-18
in Exo/IL-18 could promote the development of CD8+ T
cells [11]. In our study, CEA-specific CD8+ CTL could be
readily generated in three of four HLA-A*0201 CEA+

cancer patients.

Discussion

In this study, we have prepared a new kind of exosomes,
namely, exosomes derived from AdhIL-18 gene-modified
tumor cells (Exo/IL-18), into which bioactive IL-18 was
successfully incorporated. Exo/IL-18 can promote PBMC
to proliferate and secrete Th1 cytokines, chemoattract DC
and T cells in vitro and enhance phenotypic and functional
maturation of DC more efficiently than conventional
exosomes. More importantly, Exo/IL-18-pulsed DC are
quite potent to induce tumor antigen-specific CTL in vitro
when co-cultured with autologous lymphocytes. Therefore,
Exo/IL-18 demonstrates distinct properties to the conven-
tionally prepared exosomes derived from parent tumor
cells, and thus may represent a new approach to design
more effective tumor vaccines in the future.

Recombinant cytokines such as IL-2, IFN-γ, and GM-
CSF as immunoadjuvants were used in cancer treatments,
but their systemic toxicities limited their use [7]. However,
modifying tumor cells with cytokine genes can decrease

systemic toxicities through locally secreting cytokines, and
cytokine-loaded microspheres has the clinical potential of
developing systemic anti-tumor immunity [39]. The strat-
egy of natural incorporation of cytokines into exosomes
may be better than that of simply mixing cytokines with
exosomes for anti-tumor immune induction in that cytokine
modified exosomes have combined the advantages of
exosomes-based cancer immunotherapy with cytokine-
mediated gene therapy. Therefore, incorporating cytokines
into exosomes may be an important approach for improving
the efficiency of exosomes-based vaccines. It was reported
that CEA vaccination could be augmented by co-adminis-
tration of GM-CSF [40, 41]. However, locally administrat-
ed cytokines are rapidly redistributed into the circulation,
thus leading to many undesirable side-effects and quick
clearance. Membrane-bound cytokines are proposed as
appropriate adjuvants for vaccination because they are
restricted to its administration sites [42]. Natural sorting
of bioactive IL-18 into exosomes makes Exo/IL-18 as
“IL-18-containing membrane compartments” that are
supposed to slowly release IL-18. Results of our in vitro
experiments have demonstrated that Exo/IL-18 containing
both CEA and IL-18 have potent capability of inducing
PBMC to proliferate and secrete Th1 cytokines, chemo-
attracting DC and T cells, promoting phenotypic and
functional maturation of DC and inducing CEA-specific
CD8+ CTL. Therefore, these multiple effects of Exo/IL-18

Fig. 6 Exo/IL-18-pulsed DC
induce generation of HLA-
A*0201-restricted CEA-specific
CD8+ CTL from PBMC of
HLA-A*0201 CEA+ cancer
patients. a and b Cytotoxic
assay of CTL. Targets included
SW480 and LoVo cells. Data
shown are representative of
three independent experiments.
c IFN-γ release assay. Results
were presented as the mean±
SEM. d FACS analysis of HLA-
A*0201/CAP-1 tetramer bind-
ing lymphocytes. The effector T
cell populations generated after
serial restimulations with indi-
cated exosomes-pulsed DC were
stained with HLA-A*0201/
CAP-1 tetramersPE or HLA-
A*0201/SSp-1 tetramersPE and
anti-CD8FITC mAbs. Quadrants
were set based on negative con-
trols. Results are representative
of data from one of three re-
sponsive patients. *, P<0.01; ▲,
P<0.05; ▼, P>0.05
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suggest that Exo/IL-18 may potentially function well to
induce potent specific anti-tumor immunity in vivo, which
need further extensive investigations.

Although in this study we have not directly applied
Exo/IL-18 in an animal model in vivo due to species barrier,
we suggest that IL-18 in Exo/IL-18 might serve as an
immunoadjuvant with multiple advantages in inducing
anti-tumor immunity in vivo. First, Exo/IL-18 can chemo-
attract DC and T cells and thus potentially accumulate these
immune cells locally at the sites of administration [16, 17].
Secondly, IL-18 contained in Exo/IL-18 may induce the
release of IFN-γ, leading to the final elimination of tumor
cells [8–13]. Thirdly, IL-18 augments the release of IL-2
and promotes T cell proliferation [43], supporting the idea
that immune molecules such as IL-18, IFN-γ and IL-2 can
influence the local environment in a way that would be
beneficial for the patients. Therefore, it is reasonable to
predict that Exo/IL-18 may be functionally effective in the
induction of anti-tumor immunity when administrated
locally in vivo.

The identification of the presence of IL-18 in exosomes
provides critical insights into the improvement of tumor-
derived exosomes. Exosomes expressing cytokines such as
IL-18 as adjuvants can thus become one of the attractive
strategies in combating cancer. Using this relatively simple
strategy, we can incorporate the cytokines, chemokines,
adhesion molecules, co-stimulatory molecules or their
combinations into exosomes, through which we can obtain
cancer vaccines providing sufficient immunogenic mole-
cules for effective cancer immunotherapy in future trials.
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