
www.landesbioscience.com	 Communicative & Integrative Biology	 405

Communicative & Integrative Biology 3:5, 405-408; September/October 2010; © 2010 Landes Bioscience

Mini-Review Mini-Review

Exosomes are endosome-derived vesicles (40–100 nm) that are 
formed by the inward budding of the limiting membrane of the 
endosome resulting in the formation of multi-vesicular bodies 
(MVBs).1 Under different physiological conditions, these MVBs 
fuse with the plasma membrane releasing the exosomes in the 
extracellular milieu.1,2 Exosomes have been shown to be released 
by variety of cells including APCs, monocytes, T-cells, reticulo-
cytes, mast cells, tumor cells and platelets.3-9 They can be puri-
fied by differential centrifugation and floatation on a sucrose 
gradient with a density of 1.13–1.19 g/ml. Electron microscopy 
studies have revealed their typical ‘saucer-shaped’ morphology. 
In contrast to endosomes, the exosomes have inverse topology so 
that the extracellular domain of the protein is displayed on the 
outer surface of these vesicles.
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Exosomes are endosome-derived vesicles (40–100 nm) 
formed during the formation of multi-vesicular bodies (MVBs). 
Occasionally, the MVBs fuse with the plasma membrane 
releasing their intra-luminal vesicles into the extracellular 
media, which are then known as exosomes. Different cell types 
such as B-cells, dendritic cells, platelets, reticulocytes and 
macrophages can release exosomes and current research in this 
area is more focused towards exosomes released by antigen-
presenting cells. Exosomes have recently been shown to be 
immunomodulatory and the mechanism of immune response 
initiation by them is beginning to emerge. Besides molecules 
present inside the lumen of exosomes, it has been suggested 
that certain exosomal membrane molecules can interact with 
their surface receptors on the target cells thereby inducing 
an immunomodulatory response. In this review, Hsp70 and 
galectin-5, two immunogenic molecules present on exosomal 
membrane, are discussed in detail for initiating this response.

Exosomal membrane molecules  
are potent immune response modulators

Paras K. Anand†

Cell Biology and Biophysics Unit; European Molecular Biology Laboratory; Heidelberg, Germany

†Current address: Department of Immunology; St. Jude Children’s Research Hospital; Memphis, TN USA

Key words: exosomes, Hsp70, macrophage, galectin, TLRs, phagosome

Abbreviations: TLRs, toll-like receptors; MVBs, multi-vesicular bodies; PAMPs, pathogen-associated molecular patterns;  
DAMPs, danger-associated molecular patterns; Hsp, heat-shock protein; APCs, antigen presenting cells

Current research is focused towards deciphering the func-
tional role of exosomes by characterizing their protein compo-
sition, which has been unveiled by WB, FACS and proteomics 
analysis.3,4,10 These methods revealed that exosomes are com-
posed of ubiquitous as well as cell-type specific proteins includ-
ing components involved in antigen presentation (MHC class-I 
and class-II proteins), cytoskeletal proteins (actin and tubulin), 
membrane transport and fusion proteins (annexins and Rab pro-
teins), tetraspanins (CD63, CD81, CD82, CD9 and CD86), 
integrins (a4b1, aMb2 and b2) and proteins belonging to the 
heat-shock family (Hsp70, Hsc70 and Hsp90).3,10 Originally 
observed as a mechanism to remove transferrin receptor during 
reticulocyte maturation,11,12 numerous studies have proposed the 
potential role of exosomes in initiation of immune activation.13-15 
Here, I am discussing the recent studies on exosomal Hsp70 and 
galectin-5, which have provided new insights into the interaction 
between exosomes and immune response.

Exosomal Membrane Molecules  
and Immune Response Activation

Many studies have now suggested that exosomes can initiate an 
immunomodulatory activity. It was shown that higher amounts 
of exosomes are released after infection of macrophages 
with mycobacterial species M. smegmatis or M. avium.13,14 
Interestingly, these exosomes activated a stronger pro-inflam-
matory response in the form of NF-kB activation and TNFa 
release from untreated macrophages as compared to macro-
phages exposed to control exosomes. What makes exosomes 
pro-inflammatory? The molecular details of immune activation 
by exosomes are yet to be clearly demonstrated. One possible 
explanation provided is that these exosomes contain mycobac-
terial cell wall components that act as PAMPs in activating the 
immune system.14 However, exosomes isolated from tumor cells 
have also been shown to be immunomodulatory, which sug-
gests that exosomes may contain molecules, other than bacte-
rial PAMPs, that can induce an immune response. Therefore, 
a more objective explanation is that these two different condi-
tions, tumor progression and bacterial infection, use a combina-
tion of host molecules and disease-specific molecules/PAMPs/
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Recent study by Chalmin et al. (2010) also highlighted the 
role of exosomal Hsp70 in tumor biology.25 The authors observed 
that exosomes isolated from different mouse tumor cell lines 
displayed Hsp70 (Hsp72 in the original paper) on their surface. 
Further, rHsp70 triggered pStat3 expression and IL-6 produc-
tion in myeloid-derived suppressor cells (MDSCs) obtained 
from wild-type mice but not from TLR2-deficient mice.25 This 
response was blocked by treatment with either anti-Hsp70 anti-
body or anti-IL-6 antibody demonstrating that TLR-2 depen-
dent IL-6/Stat3 pathway is involved. Besides being a chaperone, 
the cytokine properties of Hsp70 are also well documented in 
studies showing its interaction with TLR4/CD14 complexes18,23,26 
or to TLR2.23,27 Similarly, studies by Multhoff ’s group showed 
that tumor cells that express higher Hsp70 on their surface are 
killed significantly better by natural-killer (NK) cells compared 
to tumor cells that express low Hsp70 levels.28,29 Only exosomes 
with membrane Hsp70 (released by Hsp70-positive tumor cells) 
stimulated migration of NK cells that displayed increased lytic 
activity against tumor cells through granzyme B release.28 This 
finding is also supported by another study that showed activation 
of mouse NK cells by rHsp70.30 The above-mentioned studies 
offer enough evidence emphasizing immune system activation by 
exosomal Hsp70.

Another interesting molecule, galectin-5, has also been 
detected within exosomes.31 Galectin is a type of lectin that shows 
affinity for b-galactoside. Extracellular gelectins cross-link cell 
surface and extracellular glycoproteins and may thereby modu-
late cell adhesion and induce intracellular signals.32 Mainly cyto-
solic, a fraction of galectin-5 was also observed on the cell surface 
of reticulocytes and erythrocytes from where it was secreted in 
association with exosomes partly on the exosomal membrane.31 
It was observed that galectin-5 positive exosomes were phago-
cytosed into rat peritoneal macrophages and J774 macrophages 
that showed decrease in their uptake when cells were first treated 
with purified galectin-5 demonstrating that exosome uptake is 
galectin-5 dependent.31 Surface presence of other members of 

DAMPs that act mutually when it comes to alert and activation 
of the immune system.

One of the major host components in exosomes is Hsp70. 
It is a molecular chaperone belonging to the heat-shock fam-
ily of proteins and is mainly localized in the cytosol.16 In our 
studies, we observed that a fraction of this protein is detected 
on exosomal membrane after mycobacterial infection of macro-
phages13 or heat-shock treatment at 43°C (Fig. 1). The total pool 
of Hsp70 in the exosomes decreased after surface trypsiniza-
tion suggesting both cytosolic as well as membrane-association 
of Hsp70.13 In accordance with the findings with exosomes, a 
similar set of pro-inflammatory parameters, TNFa and NF-kB, 
was also simulated after treatment of macrophages with rHsp70 
(recombinant Hsp70). Furthermore, rHsp70 treatment also 
increased phagocytosis and maturation of latex-bead phago-
somes.13 How does Hsp70 increase phagocytosis? What are the 
innate immune receptors that it can interact with? Previous stud-
ies have demonstrated that rHsp70 can bind to different TLRs 
on the cell surface leading to activation of NF-kB and MAP 
kinase pathways.17-19 Stimulation of TLRs, in general, leads to 
increased pro-inflammatory response including phagocyto-
sis.20,21 Therefore, it is possible that exosomal Hsp70 interacts 
with TLRs on the cell surface thereby initiating signaling path-
ways, such as NF-kB (proposed model depicted in Fig. 2), that 
ultimately leads to increased phagocytosis and phago-lysosome 
fusion. Increase in phagocytosis of yeast particles with rHsp70 
treatment has also been shown to initiate specifically through 
TLR7 in competitive experiments where phagocytosis induced 
by rHsp70 was blocked when cells were first exposed to differ-
ent TLR7 ligands.22 Although this study demonstrated a role for 
TLR7, it is likely that exosomal Hsp70 may as well bind to other 
TLRs as reported previously for rHsp70 by some studies.18,19,23,24 
These contradictions might arise due to the possible differences 
in confirmation of exosomal and purified Hsp70 as well as due to 
differences in the source and preparation of recombinant Hsp70 
used in various studies.

Figure 1. EM image showing presence of Hsp70 on exosome membrane. RAW 264.7 mouse macrophages were given heat-shock at 43°C for 2 h. 
After 6 h recovery at 37°C, exosomes were purified from culture supernatants by differential centrifugation and floatation on a sucrose gradient. The 
samples were processed for surface immunogold labeling with anti-Hsp70 antibody. Arrows show Hsp70 (gold) labeling on exosome surface. Insets 
show magnified images of exosomes with surface Hsp70 labeling. (Micrograph provided by Christopher K.E. Bleck).
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miRNA through this route.34 However, there are still number 
of open questions: What signal enhances exosome release? How 
do exosomes fuse to the target cells? Clearly more studies are 
required to answer these questions. Future work together with 
new insights will elucidate these mechanisms that can be applied 
for the development of exosomes as novel therapeutic vaccines. 
The scientific and clinical implications of research in this area 
will be very noteworthy and an interesting facet of exosome biol-
ogy in the coming years.
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galectin family is also not ruled out. Indeed galectin-9 has also 
been shown to be present on exosome surface.33

Conclusions and Perspective

The immunological significance of exosomes is still far from 
clear. However, many studies have reported their potential to 
activate the immune system, which might be their major func-
tion. Consistent with this, exosome release is enhanced in critical 
conditions where immune activation is required. One explana-
tion, supported by recent studies,13,25,31 suggests the presence of 
immunogenic molecules itself on the exosomal membrane for 
immune system activation. Favoring this idea is the fact that the 
topology of the molecules displayed on exosomes is analogous 
to that observed on plasma membrane. This makes them well 
suitable for interaction with their cell surface receptors thereby 
mediating signal transduction without the need for two cells to 
be in direct contact. Further, these vesicles can also fuse with 
the recipient cell leading to acquisition of novel molecules by the 
cells as has already been reported for the delivery of mRNA and 

Figure 2. Schematic representation of the exosome release pathway and the proposed activation of the immune response by exosomal Hsp70. (1) 
Extracellular molecules or membrane proteins are internalized into the endosomes that form intra-luminal vesicles by the inward budding of their 
limiting membrane. (2) Under certain conditions, these MVBs fuse with the plasma membrane releasing their ILVs to the outside where they are known 
as exosomes. (3) Exosomes exhibit the same orientation of their membrane proteins as on the plasma membrane with extracellular domain of the 
protein present on the exosomal surface. (4) Exosomes that are Hsp70-positive can interact with TLRs on the cell surface (5) thus activating NF-kB 
signaling pathway.
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