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Abstract—Exosomes, 60–90-nm-sized vesicles, are produced by a large number of cell types, in-
cluding tumor cells, neurons, astrocytes, hemocytes, intestinal epithelial cells, and so on. Dendritic
cell (DC), the most potent professional antigen-presenting cell in the immune system, produces
exosomes in the course of maturation. Mature DCs produce exosomes with the ability to elicit
potent immunoactivation, resulting in tumor eradication and bacterial or virus elimination. Given
the notion that exosomes are stable and easy to be modified artificially, autologous mature DC-
derived exosomes have been vaccinated into patients with malignant diseases. In clinical trials
utilizing exosomes as therapeutic approaches, researchers observed considerable curative effect with
little side effect. However, immature or suppressive DC-derived exosomes harbor anti-inflammatory
properties distinct from mature DC-derived exosomes. In murine models of autoimmune disease
and transplantation, immature DC-derived exosomes reduced T cell-dependent immunoactivation,
relieved clinical manifestation of autoimmune disease, and prolonged survival time of transplan-
tation. Although the exact mechanism of how immature DC-derived exosomes function in vivo is
still unclear, and there are no clinical trials regarding application of exosome vaccine into patients
with autoimmune disease, we will analyze the promise of immature DC-derived exosomes as a
subcellular vaccine in autoimmunity in this review.
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INTRODUCTION

Dendritic cell (DC) is the most potent professional
antigen-presenting cell (APC) in the immune system.
DCs are derived from bone marrow cells and differen-
tiate into several subsets located in different peripheral
tissues, such as the skin, intestine, spleen, lymph nodes,
and liver [1–5]. Under different maturation states, DCs
function inversely in the immune system, that is,
immune stimulation and immune suppression [6, 7].
Mature DCs express high levels of major histocompat-

ibility complex class II (MHC II) and costimulatory
molecules, which elicit immune stimulation by inducing
naive T cells to transform into T helper (Th)1 and/or
Th17 subcytes [8, 9], while immature DCs harbor low
levels of MHC II and costimulatory molecules, which
reduce immune activation by directing T cells to
transform into Th2 and Treg cells or causing T cell
apoptosis [10, 11]. The state of DC maturation is in
charge of the direction of immune responses. Hence,
many groups attempt to eradicate immune disorders by
regulating DC maturation state. Mature DCs pulsed with
relevant antigen have been applied for treatment of
tumor and pathogen infectious diseases from animal
models to clinical trials [12–17]. Moreover, immature
DCs and DCs modified to be suppressive have been
investigated in suppressing onset and progression of
murine models of autoimmune disease and transplant
rejection, which revealed certain curative effect [18–21].
However, due to the unstable characteristics of DC in
vitro and in vivo, DC vaccine is not completely
satisfactory as therapeutic vehicle for autoimmunity.
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The discovery of exosomes has brought new advances
in therapeutic approaches for autoimmunity. Exosomes
have been extensively studied in recent years. Exosomes
are 60–90 nm in size, cup-shaped vesicles produced
virtually by all live cells, including tumor cells, neurons,
astrocytes, hemocytes, intestinal epithelial cells, and so on
[22–26]. DCs produce exosomes in the course of matura-
tion.When not encountering adequate inflammatory stimuli,
DCs remain immature with abundant MHC II-positive
lysosomes inside the cells, where MHC II molecules are
destined to degrade [27]. The immature DCs are much more
effective in internalization of antigen than presentation of
MHC II-antigen complexes on the plasma membrane.
When encountering adequate inflammatory stimuli, such
as lipopolysaccharide stimulation, DCs become mature and
express major histocompatibility complex (MHC)-peptide
complexes and costimulatory molecules in the plasma
membrane, migrating to T cell areas of lymphoid organs
where DCs provide the first and second signals for T cell
expansion and differentiation [28]. In an alternative way,
especially during interacting with cognate T cells, DCs
generate multivesicular bodies with MHC-peptide com-
plexes and CD9 carrying luminal vesicles, which release
exosomes by fusion with the plasma membrane [29, 30].

In recent years, DC-derived exosomes have gained
much attention in immunological researches because
exosomes resemble the biology of cells that they are
derived from [31]. As a large number of exosomes are
produced during DC maturation, there are at least two
phenotypes of DC-derived exosomes: mature DC-de-
rived exosomes and immature DC-derived exosomes. In
murine models, mature DC-derived exosomes elicit
immune activation, resulting in tumor eradication and
bacterial or virus elimination [32–34]. Given the fact
that exosomes are stable during purification and will not
go through phenotypical changes in vivo [35], autolo-
gous DC-derived exosomes were vaccinated into
patients with malignant diseases in phase I and II
clinical trials, which gained much curative effect with
little side effect [36, 37]. On the other side, some
experiments demonstrated that exosomes from immature
or suppressive DCs exhibited the capacity to induce
immune tolerance in murine models of transplantation
and autoimmune disease [38–45]. The role of DC-
derived exosomes in autoimmunity has begun to be
unraveled; so in this review, we attempt to summarize
the present knowledge of DC-derived exosomes in
autoimmunity and analyze the superiority of applying
immature or suppressive DC-derived exosomes in
autoimmune disease.

MOLECULAR CHARACTERISTICS
OF IMMATURE DC-DERIVED EXOSOMES

In order to unravel the molecular basis of exosome-
induced immune tolerance in vivo, we searched the
molecular composition of exosomes from immature or
suppressive DCs of genetic modification in published
literatures. We conclude that immature or suppressive
DC-derived exosomes have three main molecular com-
positions: protein, lipid, and genetic composition.

Protein Composition

Numerous studies have evidenced that there are
some proteins commonly found in exosomes. That is, (1)
cytoskeleton and cytoskeleton-binding proteins (tubulin,
actin, cofilin, profilin I, and elongation factor-1a) [46];
(2) membrane-associated proteins involved in intracel-
lular transportation (annexins I, II, IV, V, and VII; small
GTPase family members; or related proteins rab7, rab11,
rap1B, and rab GDP dissociation inhibitor); (3) cytosolic
proteins involved in signal transduction (Gi2a, syntenin,
and 14-3-3) or protein translation (elongation factor-1a
and elongation initiation factor-4A) [47, 48]; (4) Tsg101
and Alix, components of the conserved machinery which
select ubiquinated cargo proteins for sorting to intra-
luminal vesicles [49].

In addition to commonly found proteins, immature
dendritic cell-derived exosomes harbor unique proteins
which are responsible for their specific functions including
glycosylphosphatidylinositol-anchored proteins CD55 and
CD59 (protection for immature DC-derived exosomes as
they shield exosomes from attack of the complement
system) [50]; MFG-E8/lactadherin, Mac-1α/β, CD9, and
tetraspan protein family (CD63, CD81, and CD82) (cell
targeting); syntenin Gi2α and 14-3-3 (signal transduction);
galectin-3 (lectin binding); MHC II, MHC class I (MHC I),
CD86, CD80, and CD40 (antigen presentation and T cell
stimulation); hsc73 and hsp84 (antigen peptide binding);
gag, annexins (I, II, IV, V, and VII), rabGD1, rap1B, and
rab7 (membrane fusion); intercellular adhesion molecule-1
(ICAM-1)/CD54, CD11b, CD11c, and CD58 (adhesion)
[51, 52]; Alix, TPx, 14-3-3, and galectin-3 (apoptosis); and
Lamp 2 (a lysosomal marker protein) [53, 54]. Among
these proteins, molecules for cell targeting (MFG-E8/
lactadherin, Mac-1α/β, CD9, and tetraspan protein family),
adhesion (intercellular adhesion molecule-1 (ICAM-1)/
CD54, CD11b, CD11c, and CD58), and membrane fusion
(gag; annexins I, II, IV, V, and VII; rabGD1; rap1B; and
rab7) are indispensable candidates in the vaccine delivery
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system because these molecules can address exosomes to
target cells in immune system. Molecules for antigen
peptide binding (hsc73 and hsp84) and T cell stimulation
(MHC II, MHC I, CD86, CD80, and CD40) are ingredients
of the vaccine of immature DC-derived exosomes against
autoimmune disease as they facilitate binding of specific
peptides and influence of T cell action [55]. In murine
models of autoimmune arthritis, MHC II (although with a
low level) and FasL were required for the suppressive effect
of exosomes from IL-4 and FasL genetically modified DCs
[42, 43], suggesting that molecules involved in antigen
presentation or apoptosis pathway might be required for
exosome-induced immune tolerance.

Immature and mature DC-derived exosomes share
most categories of proteins. The major reason for their
distinguished functions lies in the contents of proteins
involved in immune regulation. For example, immature
DC-derived exosomes bear low levels of MHC class II,
CD86, and ICAM-1 and undetected level of CD40 and
CD80 in the membrane, which account for the suppres-
sive function of those exosomes in immune responses
[56], while mature DC-derived exosomes bear higher
levels of MHC class II and costimulatory molecules
which facilitate strong T cell stimulation. Besides,
immature DC-derived exosomes contain much higher
MFG-E8 than mature DC-derived exosomes [57, 58],
which implies that immature DC-derived exosomes are
much more efficient in cell targeting than mature DC-
derived exosomes (Fig. 1).

Lipid Composition

As mentioned above, proteins are pivotal compo-
nents for biology and function of exosomes, while the
role of lipid in exosomes remains unclear. Studies
suggest that lipids are the skeleton component of
exosomal membrane. If the integrity of membrane is
disrupted, the suppressive effects of immature DC-
derived exosomes also disappear [32]. Exosomes have
a specific phospholipid composition which is different
from the plasma membrane of DCs. The proportion of
sphingomyelin in exosomes is twice as high as that in
DCs, whereas phosphatidylcholine in exosomes is much
lower [59, 60]. In addition, the molar ratio of diglycer-
ides/phospholipids in exosomes from immature DCs is
decreased to half of the original value. Laulagnier et al.
[60] demonstrated that phospholipase D2 was enriched
in immature DC-derived exosomes and suggested that
phospholipid D carried by those exosomes could be
involved in putative signaling transduction.

Genetic Composition

MicroRNA is a noncoding single-strand RNA of
approximately 22 nucleotides in length that regulates
gene expression by direct degradation of the targeted
mRNAs or posttranscriptional silence of protein transla-
tion [61]. MicroRNAs play key roles in cell biology and
function [62]. Recent evidence has pointed out that
exosomes, as well as some lipid based vesicles, carry
profiles of microRNA inside the vesicles which partic-
ipate in cell–cell communication [63, 64]. MicroRNAs
are believed to be encapsulated inside exosomes for
indirect evidence that exosomal microRNAs are resistant
to digestion of high ribonuclease activity in body fluids,
and exosomal microRNAs are stable even after protein-
ase K treatment [65]. The transfer of microRNAs by
exosomes is functional, supported by evidence that
exosomal microRNAs regulate gene expression and
activity of the recipient cells [64–67]. This new way of
genetic material dissemination has renewed our under-
standing on how genetic material spread between cells
and organism, which might have diagnostic potential in
a variety of diseases [68, 69].

DCs under different maturation states secrete
exosomes with distinct sets of microRNAs [65]. Bone
marrow immature DC-derived exosomes encapsulate
144 microRNAs, among which 139 microRNAs are
shared by bone marrow mature DC-derived exosomes
[65]. The exact role for microRNAs in exosomes
remains unclear; it is thought that exosomes act as
vehicles for transporting microRNAs among immune
cells, which regulate mRNA and protein expression in
recipient cells [64–66]. Although there is no confirma-
tive evidence about whether exosomal carriers of micro-
RNAs affect cells in the microenvironment or at a
distance, the mechanism of microRNA transfer in
exosomes enlightens and guides us to modify exosomes
not just in the contents of protein but also in the category
and quantity of specific microRNAs, through which
method a new therapeutic application might arise.

SUPPRESSIVE FUNCTION OF IMMATURE
DC-DERIVED EXOSOMES

Both in vivo and in vitro mechanisms for suppres-
sive action of immature DC-derived exosomes have
been investigated in animal models of autoimmune
disease and transplantation. Until now, researchers have
generated immature bone marrow DCs and suppressive
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DCs either by genetic modification or cytokine treatment
[40, 42–45, 70]. In murine models of delayed type
hypersensitivity (DTH), exosomes from immature or
suppressive DCs exhibited regulatory effects on reduc-
tion of inflammation in joints and alleviation of animal
suffering of autoimmune arthritis. The explored mecha-
nism ranges from the phenotype and action of exosomes
from DCs and the in vivo trafficking and interaction
between exosomes and immune cells.

In Vitro Assay

DC-derived exosomes are internalized and pro-
cessed by other DCs [71]. During this process, immature
DC-derived exosomes yield their luminal contents into
the recipient cells to render them suppressive. The
suppressive efficacy of exosomes depends to a major
extent on the state of their parental cells. Until now,
unmodified immature DCs or DCs modified with IL-10,
FasL, IL-4, indoleamine 2,3-dioxygenase (IDO), CTLA-
4, and TGF-β have been used as the parental DCs for
generation of suppressive exosomes for the purpose of
correcting aberrant immunoactivation.

The in vitro function of bone marrow DC-derived
exosomes was classically tested in mixed lymphocyte
response (MLR). Exosomes from unmodified immature
DCs harbored partial anti-inflammatory properties, and
exosomes from IL-10-modified immature DCs showed a
greater suppressive effect of T cell proliferation than
exosomes from unmodified DCs, but lesser suppressive
effect than their parental DCs [43]. Keeping in view that
the coculture system of DCs and Tcells could not avoid the
presence of DC-derived exosomes, this result indicates that
exosomes could suppress T cells directly or influence T
cells indirectly via regulation of DCs. The suppressive
effect of exosomes is required for intact exosomal
membrane, which is supported by the evidence that, after
cycles of freeze-thaw or sonication treatment, the intact
membrane of exosomes is disrupted, and the suppressive
effect disappears too [43]. Using flow cytometry and
western blot, researchers investigated the molecular ex-
pression of suppressive exosomes from DCs. CD80,
CD86, CD11c, and MHC II molecules were found in
exosomes from immature and suppressive DCs regardless
of how DCs were prepared. Unexpectedly, exosomes from
FasL-modified DCs and IL-4-modified DCs both showed

Fig. 1. Representative model for comparison of protein characteristic between immature and mature DC-derived exosomes. The left part of the graph
represents immature DC-derived exosomes with low levels of MHC II, CD80, CD86, CD40, and ICAM-1 as well as high level of MFG-E8. The right
part of the graph is a representative of mature DC-derived exosomes with high levels of MHC II, CD80, CD86, CD40, and ICAM-1 as well as low
level of MFG-E8. The middle part of the graph is a representative of the common protein composition—which is the same in category and contents—
between immature and mature DC-derived exosomes.
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the existence of FasL in their membrane. This implies that
Fas-FasL pathway might participate in T cell suppression
mediated by exosomes from Th2 cytokine and proapop-
totic molecule-modified DCs. Later, the same group
supplemented that the suppressive effect of exosomes
was MHC II dependent, FasL partial dependent, and
antigen specific. More recently, it was found that exosomes
from transforming growth factor beta 1 (TGF-β1)-modi-
fied DC downregulated Th17 responses and induced
CD4+FOXP3+Treg cells in vitro [45]. In the rat model of
intestinal transplantation, immature DC-derived exosomes
reduced the level of IFN-γ and increased the level of IL-10
secretion by Tcells in the presence of fresh DCs in anMLR
experiment [44].

In Vivo Assay

Theoretically, exosomes exert their suppressive
effect by fusing and internalizing with immune cells.
Thus, it is important to know the circulation route and
cell types that exosomes interact with in vivo. Seon et al.
demonstrated that exosomes from IL-4-treated bone
marrow DCs were associated with CD11c+ cells in the
dermis after intradermal injection. Moreover, CD11c+

cells with exosomes inclusion were detected in the
draining lymph node of the treated side, but not the
untreated side. It is hard to explain the clinical findings
that intradermal injection of exosomes not only reduced
paw swelling in the injected side but also in the
contralateral side [40]. In addition, there was no
detection of exosomes in the liver and spleen, either
[40]. When exosomes were injected systemically, they
were found internalized by F4/80+ splenic macrophages
and F4/80− cells in the spleen, hepatic F4/80+ Kupffer
cells and a few CD11c+ DCs in liver [40] (Fig. 2). In
order to find the functional target for exosome action, an
adoptive trafficking experiment was carried out. Results
showed that it was the CD11c+ cells transfer rather than
CD3+ cells transfer that inhibited the DTH responses
[40]. Taken together, exosomes are internalized by APCs
in the draining lymph nodes and spleen, thus conveying
tolerant signals to APCs, which take part in regulation of
immune responses.

PROGRESS OF DC-DERIVED EXOSOME
VACCINE IN VARIOUS DISEASES

The discovery of exosomes opened up a new way for
us to produce a satisfactory vaccine. Taking into account

the in vivo and in vitro findings, exosomes are considered
to have the following characteristics: (1) exosomes are
stable in vivo. They do not go through phenotypic changes
in the presence of cytokines and immune cells [72]. (2)
Exosomes are easy to preserve in vitro. They can be
sterilized through microinfiltration. Even if exosomes are
contaminated by microbes, they will not respond to
produce anti-inflammatory molecules against contamina-
tion [73]. (3) The side effects of exosomes are tolerable. In
clinical trials of nonsmall cell lung cancer (NSCLC),
patients underwent the skin DTH test with exosome
injection before the therapy trial of NSCLC [37]. Results
showed that two out of nine patients had 5 mm of
induration and erythema on their skin, and one patient
had 6 mm of induration and erythema 48 h later. After the
formal experiment, one patient had flu-like symptoms;
eight patients had indurations, erythema, and swelling in
the injection site, and one other patient had peripheral
edema in the arm, which indicated that the side effects of
exosome vaccine were less and tolerable. (4) Exosomes
can be loaded with peptide indirectly by feeding DCs with
antigens and then collecting the supernatant for isolation of
exosomes [74]. Peptide loaded in this way guarantees its
association with MHC molecules, which plays a pivotal
role in the interaction between DCs and T cells. The
limitation for this method lies in the type of antigen which
must be recognized and processed by DCs. Another way to
load protein onto exosomes is exosome display technology
[75]. This technique allows for appending any soluble
antigen onto exosomes. Therefore, it can be utilized to
modify exosomes with additional functions, such as adding
adhesion molecules for targeting exosomes to some certain
locations and cells.

So far, exosomes from DCs have been applied in
tumor immunotherapy. In a murine model of adenocarci-
noma, vaccination of exosomes from DCs pulsed with
tumor antigen primed cytotoxic T lymphocytes eradication
and inhibition of established tumors [32]. In a murine
model of melanoma, injection of exosomes from DCs
pulsed with relevant tumor antigen increased IL-15Ra-
dependent cell activation and NKG2D-dependent natural
killer cell proliferation [76]. The addition of cyclophos-
phamide along with exosomes enhanced both CD4+ and
CD8+ T cell activation [77]. Based on experimental results
of animal models, two phase I clinical trials have been
carried out in 15 melanoma [36, 76] and 13 NSCLC
patients [37], respectively, using large-scale clinical grade
DC-derived exosomes. Although detailed mechanisms
have not been thoroughly elucidated, and long-term
effects have not been observed, vaccine of DC-derived
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exosomes exhibited considerable curative effects and less
side effects compared with DC vaccine.

Application of immature DC-derived exosomes for
regulation of immune disorders has been studied exten-
sively in several models of autoimmune disease and
transplantation. Under expectation, injection of immature
DC-derived exosomes prolonged survival time of cardiac
and intestinal transplantation [41, 44]. Vaccination of
exosomes from IL-4, IL-10, FasL, and indoleamine 2,3-
dioxygenase-modified DC also reduced the clinical mani-
festation of mice with rheumatoid arthritis [40, 42, 43, 70].
In vivo administration of exosomes from TGF-β1-modified
DCs reduced disease activity and incidence of intestinal
bleeding in the murine model of inflammatory bowel
disease (IBD) [45]. Thus far, no clinical trial regarding the

therapeutic efficacy of immature or suppressive DC-derived
exosomes was conducted in autoimmune disease.

PERSPECTIVES

Doctors and researchers all over the world have been
struggling for decades to find a better way for treatment
and prevention of autoimmune disease. The optimal way
for treatment of autoimmune disease is to blunt excessive
antigen-specific immunoactivation without interferingwith
normal immune responses. The discovery of exosomes,
especially after the application of DC-derived exosomes
into tumor patients in clinical trials, enlightens us to apply
exosomes in autoimmune disease. Until now, results from

Fig. 2. Schematic model for immature DC-derived exosomes trafficking in vivo after intradermal and intravenous injection. After intradermal
injection, exosomes were first associated with CD11c+ cells in the dermis. Several hours later, exosomes and CD11c+ cells complexes were found in
the draining lymph nodes of injected site, but not the contralateral side. Surprisingly, no exosomes were detected in the spleen and liver. After
intravenous injection, exosomes were circulating in the blood system and internalized by F4/80+ macrophages and F4/80− cells in the spleen, as well
as F4/80+ Kupffer cells and a few CD11c+dendritic cells in the liver.
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animal models of rheumatoid arthritis revealed that local
(footpad or periarticular injection) and systemic (intrave-
nous injection) administration exosomes of immature DC
or immature DCmodified to express IL-4/IL-10/FasL/IDO
could reduce the incidence of rheumatoid arthritis as well
as prevent the progression of joint destruction. In another
animal model of autoimmune disease, IBD, administration
of TGF-β1-modified immature DC-derived exosomes
relieved the disease severity and reduced adverse clinical
manifestations. No severe side effects have been observed.
Besides, immature DC-derived exosomes could signifi-
cantly prolong the survival time of transplant and cardiac
transplantation. These observed results are encouraging.
However, there is a long way to go before applying
exosomes in patients of autoimmune disease. First, the
exact mechanism for immune tolerance induced by
immature DC-derived exosomes is still not clear. Second,
for distinct autoimmune disease, the way to generate most
efficient DCs for production of suppressive exosomes
remains to be elucidated. In addition, the method of
generating clinical grade purified exosomes with antigen
specificity still needs to be improved. Third, the route
(intravenous or intradermal) and dose for exosomes in
autoimmune disease need further exploration. After solv-
ing basic and clinical problems, exosome vaccine may be
applied in autoimmune diseases in the future.
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