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Abstract 

Extracellular vesicles (EVs) are the substances that are released by most types of cells and have an important role in 
cell to cell communication. Among the most highly researched EVs are exosome. Recent studies show that exosomes 
derived from cells have different roles and targets. Many studies show that exosome can efficiently deliver many dif-
ferent kinds of cargo to the target cell. Therefore, they are often used to deliver therapeutic cargo for treatment. The 
exosomes that have been used include both natural ones and those that have been modified with other substances 
to increase the delivery ability. This article provides a review of both exosomes derived from various cells and modi-
fied exosome and their ability in delivering the many kinds of cargo to the target cell.
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Background
Cells communicate with each other primarily through 
the use of chemical messengers. These are predominantly 
in the form of extracellular vesicles (EVs). Much recent 
works has focus on EVs for therapeutic medicine devel-
opment due to their unique structure which means that 
they can be modified to contain specific proteins, genetic 
lipids, and genetic materials including messenger RNA 
(mRNA), microRNA (mRNA), and other small non-cod-
ing RNAs, and genomic DNA (gDNA) from their pro-
genitor cell. Based on an EVs’ origin and size, they can 
be divided into three groups: (a) exosome (diameter in 
the range 30–150  nm), (b) microvesicles or ectosomes 
(50 nm–1 µm), and (c) apoptotic body (50 nm–5 µm) [1]. 
Due to their nanoscale dimensions, exosomes are consid-
ered to be the most promising as a tool for drug delivery 
to targeted organs, hence they have received the most 
research attention in recent years.

The exosome is derived from a multivesicular body 
(MVB) when the MVB fuses with the plasma membrane 

and is released into the extracellular environment. Its role 
is as a communication tool to deliver a chemical cargo to 
the recipient cell [2]. Exosome also plays a role in inter-
cellular communication by carrying proteins and RNAs 
between neighboring cells or even to distant organs [3]. 
Exosomes bind to cell membranes through receptor–
ligand interaction and mediate antigen presentation, 
cancer progression etc. Exosomes deliver their surface 
protein and cytoplasm to the recipient cell by fusing 
with the target-cell membrane at which point they open 
up. Many studies show that exosomes enter cells, release 
their cargo and mediate many physiological and patho-
logical processes [4].

Exosomes can contain many types of biomolecule, 
including proteins, carbohydrates, lipids and nucleic 
acids. This varies depending on the EV’s origin, its physi-
ological and pathological state, and even the precise cel-
lular release site. The protein composition within can also 
mark the existence of disease pathologies such as cancer 
or inflammatory diseases; however, exosomes also con-
tain a number of common proteins as well as those that 
participate in vesicle formation and trafficking [5].

Almost all bodily fluids contain exosomes that con-
tain structures formed within every cell type. These 
structures/contents are often disease-specific such as 
in viral infections, neurodegenerative diseases (prions, 
Alzheimer, Huntington disease), and cancer. As a result, 
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exosomes are being intensively investigated as a source 
of novel biomarkers. Numerous studies have been focus 
on understanding the function of exosomes in mediating 
intercellular communication, immune system functions, 
development and differentiation, neuronal function, cell 
signaling, regeneration, and several of the steps in viral 
replication [6]. The discovery of the role of exosomes 
has led the researchers to explore their use as delivery 
vehicles of a variety of medicines. As exosomes are nat-
urally-formed and are involved in many biological and 
pathological processes, they have multiple advantages 
when compared to other nanoparticles.

Biogenesis of exosomes
Biogenesis of exosomes starts in the endosomal system 
(Fig.  1). The process starts from early endosomes that 
mature to became late endosomes or multivesicular 
bodies, which the endosomal membrane invaginates to 
produce intraluminal vesicles (ILVs) in the lumen of orga-
nelles [7]. The MVBs fuse with the plasma membrane of 
the cell and release ILVs (which we refer to as exosomes) 
into the extracellular environment in an exocytotic fash-
ion. They can be secreted under both normal and patho-
logical conditions by a wide array of cell types [8]. Fusion 
of MVBs with the cell membrane and spatiotemporal 
traffic of vesicles are regulated by Rab GTPase. Endoso-
mal-sorting complex required for transport (ESCRT) is 
the central molecular machinery of exosome formation 
at endosomes [9].

Both ESCRT-dependent and independent signals have 
been suggested as determining the sorting of exosomes. 
Syndecan heparin sulfate proteoglycans and their cyto-
plasmic adaptor syntenin have been found to control 
the formation of exosomes. Many processes have been 
proposed as mechanisms that mediate the uptake of 
exosomes, such as fusion with cellular membrane of the 

recipient cell, juxtacrine signaling through receptor-
ligand interactions and endocytosis by phagocytosis. 
There are several proteins that are suspected as potential 
receptor for exosome uptakes, such as Tim1/4 for B cells 
and ICAM-1 for APCs. However, the specific receptors 
still remain unclear [10].

In 2018, Zhang et al. further developed the potential for 
the use of exosomes. They used asymmetric flow field-
flow fractionation (AF4) technology and found two exo-
some subpopulations that they termed, large exosomes 
(exo-L) and small exosomes (exo-S) and identified a dis-
tinct nanoparticle type they termed “exomere”. Exo-L 
(90–120 nm), Exo-S (60–80 nm) and exomeres (~ 35 nm) 
have different characteristic and properties and also have 
different roles. This research has opened an avenue for 
studies related to exosomes for diagnostic, prognostic 
and therapeutic applications [11].

Exosome cellular recognition
Many studies have been carried out on exosome bio-
genesis, including cellular recognition and internaliza-
tion of exosomes. Cellular recognition of exosomes can 
be divided into three ways; free floating, adhesion, and 
antigen recognition. Exosome cellular recognition by 
free floating is similar to that of liposomes which could 
be mediated by opsonization of exosomes during circu-
lation. Exosomes use chemokines to attract leukocytes 
to their location. Exosomes express an impressive array 
of chemokines, which may attract T cells and other cell 
types.

Exosome cellular recognition by adhesion is a funda-
mental step for communication between exosomes and T 
cells. Adhesion by exosomes requires the conformational 
change of integrins from a low to a high affinity status 
which enables oligomerization of integrins and coupling 

Fig. 1  Biogenesis of exosome
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with cytoskeletal elements, to facilitate the high avidity 
binding of lymphocyte to the integrin-bound exosomes.

For the case of cellular recognition by antigen recog-
nition, molecular profiling and proteomic analysis show 
that target cell specificity for exosomes is dictated by a 
combination of antigen and MHC class I and II mole-
cules. MHC’s expressions on exosomes are dependent on 
the expression of these molecules on the parent cell [12].

Exosome uptake
According to current studies, exosome uptake can be 
defined as the process whereby exosome signals are 
transferred to the recipient cell by a three-step mecha-
nism; receptor interaction, membrane fusion, and endo-
cytosis/phagocytosis (Fig.  2). Many studies also suggest 
that the primary method of exosome uptake is internali-
zation which depends on cell type and exosomal surface 
proteins. Exosome uptake by a recipient cell is cell-spe-
cific, for which the interaction of surface molecules 
between specific cells and exosomes is critical for recipi-
ent cell targeting and adhesion [13].

Derived exosomes
Exosomes have different roles depending on their pro-
genitor cell. A significant amount of research has been 
carried out in an attempt to identify the roles of varied 
derived exosomes.

Macrophage‑derived exosomes
Macrophages have been known for their phagocytic 
capability in the body’s immune system since they were 
discovered over 130 years ago [14]. They play a crucial 
role in the prevention of the progression of many diseases 

as they recognize and eliminate pathogenic microbial 
products and tumor cells [15]. Some studies have shown 
that they play an important role not only as an inflam-
matory component of cardiac injury but also as a central 
regulator in injury and repair [16].

Recent studies have been focused on determining the 
role of exosomes that derive from macrophages. The 
results show that integrin ICAM-1/LFA-1 interaction 
implicated uptake of macrophage exosomes in the unbib-
lical vein endothelial cell, and the c-type lectin receptor 
mediate the process of uptake in hCMEC/D3 cells. Fur-
thermore, the study found that macrophage exosomes 
can penetrate the BBB (blood–brain barrier) to brain 
parenchyma in healthy mice, it even can enter the brain 
independently without the help from brain infiltrating 
immune cells and that the increased accumulation in the 
inflamed brain was due to an enhanced exosome–brain 
endothelium interaction [1].

Rhabdomyosarcoma (RMS)‑derived exosomes
Rhabdomyosarcoma (RMS) is classified as the most com-
mon soft tissue sarcoma (STS) in children and adoles-
cents and is a form of tumor showing distinctive traits 
of skeletal muscle lineage [17]. This occurs not only in 
children, but also in median age and older patients. RMS 
is included in the family of so called “small round blue 
tumor cell” that infiltrate bone marrow (BM) and are 
sometimes diagnosed as an acute leukemia cell on BM 
smears. RMS can be divided into two histological sub-
types: embryonal rhabdomyosarcoma (ERMS) and alve-
olar rhabdomyosarcoma (ARMS). ARMS is associated 
with more aggressive behavior which has a worse prog-
nosis than ERMS [18].

Fig. 2  Exosome uptake
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Rhabdomyosarcoma (RMS) cells have been detected 
to secrete exosomes. These exosomes can carry spe-
cific miRNA relevant to the cancer signaling network. 
Researchers have found that RMS-derived exosomes 
can enhance the proliferation of human recipient fibro-
blasts and recipient RMS cells. The exosomes can induce 
migration and invasion of normal human fibroblasts and 
also promote angiogenesis. Another study also identified 
a role for RMS-derived exosomes in facilitating host cell 
infiltration into matrigel plugs, which again plays a role in 
promoting invasion and angiogenesis during RMS tumor 
progression [19].

Metastatic cancer cell‑derived exosomes
Exosomes have been found to exert many influences over 
tumor properties, such as growth, angiogenesis, invasion 
and metastasis, and they promote cell motility. Hence, on 
the whole, they promote cell formation, adhesion, and 
cell polarity [20].

Those exosomes that derive from cancer cells with 
aggressive propensities can differentially affect the prop-
erties of endothelial cells and also affect morphologi-
cal and functional properties of the metastatic tumor. 
Exosomes were used as a mediator of intracellular com-
munication by exporting thrombin. In another way, the 
exosomes activate the RhoA/Rock pathway in recipient 
cell [21]. These exosomes also manipulate host stromal 
responses to generating a protumorigenic or antitumori-
genic milieu [22].

Malignant mesothelioma (MM) cell‑derived exosomes
Malignant mesothelioma that originates from the dereg-
ulated cellular proliferation of the mesoderm tissue lining 
the chest cavity, heart, lungs, the abdominal cavity, and 
the intra-abdominal organs, is a rare type of cancer [23]. 
This cancer occurs in the mesothelial lining of pleural 
or peritoneal cavities and can be defined as an asbestos-
related aggressive tumor with poor prognosis. Due to its 
low incidence, resistance to most chemotherapies, and 
the complexity of the tumor anatomy, malignant meso-
thelioma is classified as a deadly and clinically challeng-
ing disease to treat. The overall survival time for patients 
of this cancer is less than 1 year for pleural tumor, and the 
5-year survival rate is less than 15% for peritoneal meso-
thelioma [24].

Exosome that derive from Human malignant meso-
thelioma cells have been shown to have an immunoreg-
ulatory function during cancer progression. They can 
regulate recipient cells of the tumor microenvironment 
and contain factors associated with metastasis. Research-
ers have identified a total of 111 proteins associated with 
immunoregulation in MM-derived exosomes of which 
26 were identified in mEXOS, including oncostatin-M 

receptor (OSMR), multidrug resistance-associated pro-
tein 1 (ABCC1), and the SUMO-1 activating receptor, 
SAE1. OSMR is a multifunctional cell surface cytokine 
receptor, which induces several pro-malignant effects, 
including a pro-angiogenic phenotype and increased cell 
migration and invasiveness [25].

Osteoclast‑derived exosomes
Osteoclasts that derive from hematopoietic/monocytic 
lineage are large multinucleated cells specialized in bone 
resorption, which is a physiological process regulated by 
the tight coupling between bone-resorbing osteoclasts 
and the primary osteogenesis cells (osteoblasts) and are 
also involved in bone remodeling [26]. Osteoclasts dif-
ferentiate from myeloid precursors influenced by the 
cytokines macrophage colony stimulating factor (MCSF) 
and receptor activator of NF-κB ligand (RANKL), and 
supplied by osteoblasts and/or osteocytes. The receptor 
for RANKL, known as osteoprotegerin (OPG) is pro-
duced by the osteoblast lineage that tampers the osteo-
clast differentiation. Osteoclasts polarize the secretion of 
proteolytic enzyme and acid, which cause bone degrada-
tion. They also hydrolyze and solubilize the organic and 
inorganic components in bone [27].

During the process of osteoclastogenesis, exosomes 
are secreted that have the role of transfering miR-214 to 
osteoblasts to inhibit their activity. Inhibition of exosome 
formation and secretion from osteoclasts attenuate the 
effect of osteoclasts on osteoblasts. In general, exosomes 
express cell recognition molecules on their surfaces that 
facilitate selective targeting and uptake by recipient 
cells. In this regard, miR-214-containing exosomes act 
as a coupling inhibitor to negatively regulate osteoblasts. 
Among the coupling inhibitors, osteoclast derived eph-
rinA2, whether anchored onto osteoclast membranes 
or in soluble form, acts on osteoblasts through its Eph 
receptor [28].

Pancreatic cancer cell (PCC)‑derived exosomes
Pancreatic cancer is often triggered by poor lifestyles 
choices including cigarette smoking, increased body 
mass index, heavy alcohol consumption, and also may 
be caused by a family history of pancreatic cancer [29]. 
Pancreatic cancer is particularly difficult to manage as 
it often has no symptoms at early stages leading to chal-
lenges in early diagnosis, and it has a rapid progression 
and limited response to conventional therapy. Pancreatic 
cancer cells (PCCs) also secrete the exosomes for cell 
communication [30].

By secreting exosomes, cancer cells reprogram cells in 
the tumor microenvironment and at distant sites to sup-
port the progression of cancer. PCC-derived exosomes 
therefore increase proliferation and migration of 



Page 5 of 13Bunggulawa et al. J Nanobiotechnol  (2018) 16:81 

cancer cells. Moreover, PCC-derived exosomes have been 
proven induce fibrosis-related gene expression including 
induced activation and profibrogenic activities in pancre-
atic stellate cells [31].

Bronchial fibroblast‑derived exosomes
Fibroblast cells are building blocks of connective tissue 
and create the extracellular matrix, which can be classi-
fied that the adventitial fibroblast that surrounds blood 
vessels and the interstitial fibroblast that is not closely 
associated with any specific structure [32]. Fibroblasts 
play a key role in airway inflammation by expressing an 
array of cytokines and adhesion molecules and also in 
infiltration and activation of eosinophils and other leu-
kocytes. They can be classified as the most abundant cell 
type within the lung interstitium and can be transformed 
into the myofibroblast phenotype, which expresses con-
tractile proteins and has an increased capacity for col-
lagen deposition, in a process regulated by cytokines, 
growth factors and matrix components [33].

Haj-Saleem et  al. [34] have determined the role of 
bronchial fibroblast-derived exosomes. Their research 
showed that bronchial fibroblasts secreted exosomes, 
which are internalized by bronchial epithelial cells. 
Exosomes derived from fibroblasts of severe asthmatic 
subjects showed a lower level of TGF-b2 and significantly 
increased the epithelial cell proliferation of both healthy 
and severe asthmatic subjects compared to healthy con-
trol exosomes. Overexpression of TGF-b2 in the fibro-
blasts of severe asthmatics induced enhanced TGF-b2 in 
exosomes leading to a reduced proliferation of epithelial 
cells, whereas the reduction of TGF-b2 enhanced epithe-
lial cell proliferation.

In short, it can be concluded that bronchial fibroblast-
derived exosomes play a role as a messenger for the 
increased proliferation of airway epithelium in cases 
of severe asthma. Exosomes derived from fibroblasts of 
severe eosinophilic asthmatics can contribute to airway 
remodeling, at least in part, by modulating epithelial cell 
[34].

Mesenchymal stem cell (MSC)‑derived exosomes
Arnold Caplan coined the term “Mesenchymal stem cell 
(MSC)” in the early 1990s, which were described for the 
first time in 1970s by Alexander Friedenstein as a popula-
tion of bone marrow stromal cells capable of mesodermal 
differentiation and trophic support of hematopoiesis [35]. 
MSC can be harvested from several adult tissues and it 
can constitute a heterogeneous subset of stromal regen-
erative cells [36].

Similar to exosomes in general, MSC-derived exosomes 
carry complex cargo, including nucleic acids, proteins, 
and lipids. MSC-derived exosomes are highly enriched in 

biologically active molecules, such as proteins and RNAs, 
and are therefore well equipped to maintain homeostasis 
within the tissue and respond to external stimuli. Another 
study also showed that MSC-derived exosomes poten-
tially have therapeutic properties in liver disease. In myo-
cardial I/R injury, MSC-derived exosomes exert protective 
effects against myocardial I/R injury possibly through sev-
eral mechanisms, such as anti-apoptosis, cardiac regener-
ation, anti-cardiac remodeling, anti-inflammatory effects, 
neovascularization and anti-vascular remodeling [37].

Isolation of exosomes
Currently, exosomes are isolated by differential cen-
trifugation, filtration, size-exclusion chromatography, 
and polymer precipitation (Fig.  3). To obtain ultrapure 
exosomes or isolation of the potential subpopulation of 
exosomes, an immunomagnetic isolation strategy can be 
applied by targeting exosomal markers [38].

Differential centrifugation
The most widely used method for exosome isolation is 
differential centrifugation [39], it is adopted as a reliable 
technique for isolating exosomes from biological fluids 
[40]. The method consists of several steps, including (1) 
a low-speed centrifugation to remove cells and apoptotic 
debris, (2) a higher speed spin to eliminate larger vesicles 
and finally, (3) high-speed centrifugation to precipitate 
exosomes. However, the efficiency of the method is lower 
when viscous biological fluids such as plasma and serum 
are used for analysis [41]. The quantity of collected EVs is 
affected by centrifuging speed and time, so these param-
eters must be optimized for each rotor type [42].

Filtration
Commercial membrane filters or polycarbonate can 
be used to isolate cells and large EVs in biological sam-
ples. Filtration methods are often combined with ultra-
centrifugation, where membranes are used to sieve cells 
and large EVs, after which separation of exosomes from 
proteins is achieved via ultracentrifugation. In order to 
eliminate the need for ultracentrifugation, a number of 
research groups have explored commercial ultrafiltration 
as a means to separate exosomes from protein contami-
nants [43]. Exosomes can be separated from other solu-
ble proteins and aggregates using matrices with defined 
molecular weight or size exclusion limits. These vesicles 
can be selectively isolated based on a molecular weight 
greater than 2 million Daltons, followed by isolation 
with a diameter less than 200 nm. This allows the separa-
tion of smaller aggregates and soluble components from 
exosomes [44].
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Size‑exclusion chromatography
Size-exclusion chromatography (SEC), also known as 
molecular sieve chromatography [45] is a method where 
the separation of different compounds occurs accord-
ing to their size (hydrodynamic volume) measured by 
how efficiently they penetrate the pores of the station-
ary phase. Size exclusion chromatography has two basic 
versions. When performed using organic solvents, it is 
called gel permeation chromatography (GPC). The main 
application field of GPC is in polymer analysis. When 
size-exclusion chromatography is performed using aque-
ous solvents, it is called gel filtration [46]. As compared to 
the ultracentrifugation method, having highly varying EV 
yields (2–80%), this method is superior with 43% stable 
recovery of EVs, with almost complete removal of con-
taminating proteins. Disadvantages of this method are (1) 
the accessibility of the chromatography column to con-
tamination, therefore aseptic working conditions should 
be ensured especially if the isolated EVs are intended for 
therapeutic use; (2) a large number of fractions should be 
collected and analysed in order to make sure complete 
separation of EV subtypes and contaminating proteins 
and (3) contrarily to the simplicity and time effectiveness 
of the separation protocol, post-isolation analysis of each 
fraction may be rather time consuming [47].

Polymer precipitation
Polymer precipitation is a technique used to isolate and 
purify polymers. The methods of polymeric precipita-
tion are based on the formation of a mesh-like net that 
embeds EVs with a size ranging from 60 to 180 nm. These 
methods may be applied to culture media or to bodily 
fluids. In particular, polymeric precipitation methods 
may have the advantage in the detection of biomarkers in 
vesicles derived from small biological samples [48].

Immunomagnetic isolation
Exosomes are observed in most bodily fluids containing 
typical exosomal markers such as CD9, CD63, and CD81. 
Potential subpopulations of exosomes can be captured by 
targeting these markers using magnetic beads. Magnetic 
beads are versatile tools for exosome isolation and down-
stream analysis [49]. Immunomagnetic isolation uses the 
antibody-labeled magnetic beads which can specifically 
capture exosomes and the magnetic field will separate the 
captured exosome from other substances [50].

Exosome as a therapeutic delivery system
An exosome-based delivery system has particular ben-
efits such as specificity, safety, and stability. By their hom-
ing characteristic, exosomes can deliver their cargo to 

Fig. 3  Schematic diagram of exosome isolation
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specific targets over a long distance. Exosomes can also 
be used to deliver interfering RNA (siRNA) or pharma-
ceutically active substances [51]. As exosomes are small 
and native to animals, they are able to avoid phagocyto-
sis, fuse with the cell membrane, and bypass the engulf-
ment by lysosomes. The fact that exosomes are a natural 
product of the body results in a low immune response 
[52]. Exosome also can exhibit increased stability in the 
blood that allows them to travel long distances within the 
body under both physiological and pathological condi-
tions. Furthermore, exosomes have a hydrophilic core, 
which makes them suitable to host water-soluble drugs 
[53]. Several methods for exosome loading have been 
suggested to date, which can be classified into two dif-
ferent strategies, cargo loading after isolation and cargo 
loading during formation [54].

For cargo loading after isolation, a few loading proce-
dures have been reported (Table  1). One of the meth-
ods is electroporation. By applying an electric field to a 
suspension of exosomes (or cells) and the therapeutic 
cargo of choice, pores are created into the lipid bilayer 
membrane, thereby facilitating the movement of cargo 
into the lumen of the exosomes. Simple incubation of 
exosomes with the cargo was also used as one of the 
methods of loading exosomes. Curcumin was efficiently 
loaded into exosomes after only 5  min of incubation at 
22 °C and was shown to mediate significant anti-inflam-
matory effects in several disease models such as brain 
inflammation, autoimmune disease and brain tumors 
[55, 56]. Another method to load cargo into exosomes is 
sonication. A drug-exosome mixture was sonicated for 
six cycles of 30  s on/off for a total of 3 min with 2 min 
cooling period, which resulted in effective drug loading 

into exosomes. Taking the size, the zeta potential and the 
quantity of drug loading into account, there are no sig-
nificant changes in the structure and content of exosomal 
membranes after sonication [53]. The extensive refor-
mation and reshaping of exosomes upon sonication and 
extrusion procedures enabled catalase diffusion across 
the relatively tight and highly structured lipid bilayers 
and resulted in the high loading efficiency of exosomal 
carriers (20–26% loading capacity) [57].

Modified exosome for drug delivery
Nowadays, nanoscale drug delivery systems have attained 
considerable prominence. Various nano-based drug for-
mulations have been used to improve the therapeutic 
efficacy of chemical and biomolecular drugs. Since the 
discovery that exosomes function as intercellular com-
munication tools that transfer their cargo to recipient 
cells, they have garnered considerable research attention 
[67].

The ideal drug delivery system should be capable of 
site-specific delivery of incorporated therapeutics, avoid 
recognition and premature degradation by the body’s 
immune defenses and controlled release of cargo mol-
ecules upon selective stimuli. Exosomes have the abil-
ity to deliver endogenous biological cargo, such as small 
RNAs, mRNAs, and proteins across cells. Exosomes have 
shown many advantages in terms of biocompatibility and 
reduced clearance rates in view of their natural origin in 
comparison with other DDS. Moreover, they show little 
long-term accumulation in any organ or tissue, with con-
current low systemic toxicity, and also facilitated cellular 
uptake [68].

Table 1  Type of cargo and loading method [58–66]

Type of exosome Cargo Loading method References

RAW 264,7 exosome Catalase enzyme Incubation [58]

Freeze thaw cycle

Sonication

Extrusion

Rabies viral glycoprotein (RVG) exosome Opioid receptor Mu siRNA Incubation [59]

EL-4 and RAW 264,7 exosome Curcumin Incubation & simple mixing [60]

B16 melanoma exosome Superparamagnetic iron oxide nano-
particles

Electroporation [61]

LNCaP and PC-3 exosome Paclitaxel Incubation [62]

RAW 264,7 exosome Doxorubicin and paclitaxel Incubation [63]

Electroporation

Sonication

iRGD exosome Doxorubicin Electroporation [64]

Milk-derived exosome Paclitaxel Simple mixing [65]

HEK293T exosome DNA Electroporation [66]
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Surface modified exosomes for cerebral ischemia therapy
Cerebral ischemic can be classified as the condition 
whereby impaired blood flow does not allow sufficient 
deliver of oxygen and glucose, leading to energy deple-
tion, over-activation of glutamate receptors and release 
of excess glutamate, an increase of intracellular calcium, 
loss of membrane potential and cell depolarization, and, 
eventually, cell death [69].

Using exosomes as nanocarriers is one of many meth-
ods for cerebral ischemic therapy. The targeting ability 
of exosomes can be improved through appropriate sur-
face modification. Tian et al. has proposed a simple, rapid 
and efficient method to conjugate functional ligands 
onto exosomal surfaces using bioorthogonal copper-free 
azide-alkyne cycloaddition. The cyclo(Arg-Gly-Asp-D-
Tyr-Lys) peptide [c(RGDyK)], which exhibits high affinity 
to integrin αvβ3 in reactive cerebral vascular endothelial 
cells after ischemia specifically, was conjugated on the 
mesenchymal stromal cell (MSC)-derived exosome sur-
face. Furthermore, curcumin, a natural polyphenol from 
Curcuma longa, was loaded onto the cRGD-Exo (Fig. 4). 
The result shows that modified exosome molecules 
showed greater accumulation in ischemic brain as com-
pared to unmodified exosome molecules [70].

Exosomes combine with pH‑sensitive fusogenic peptide 
and cationic lipid for cytosolic delivery
GALA is composed of repeating sequences of Glu-
Ala-Leu-Ala and has an amphiphilic structure, so is a 
pH-sensitive peptide. Endosomal pH degradation can 
decrease the negative charge of Glu residues and con-
vert the structure from random to helical. GALA has 
been widely used to improve transfection efficiency [71]. 
Different from GALA, cationic lipids are considered to 
affect various properties of DNA–cationic liposome 
complexes and play a very important role in efficient 
gene transfer [72].

In 2014, Nakase and Futaki combined GALA, cationic 
lipid, and exosome for cytosolic delivery (Fig.  5). They 
selected this combination as a high amount of exosomes 
in bodily fluids induces competition for their cellular 
uptake by endocytosis, and as a result the cellular uptake 
efficiency of exosomal vehicles for intracellular delivery 
is considered insufficient for therapeutic treatment. This 
research group successfully achieved the cytosolic deliv-
ery of peptides and proteins using the GALA peptide in a 
combined treatment with cationic lipids. The GALA pep-
tide was designed to mimic viral fusion protein sequences 
that interact with cell membranes to mediate the escape 
of the viral genes from acidic endosomes [73].

Exosome engineering with PEG and AA for pulmonary 
metastasis
Lung cancer is one of the deadly cancers and is a lead-
ing cause of cancer mortality worldwide. Lung carcino-
mas are divided into two parts; small-cell lung carcinoma 
(SCLC) and non-small-cell lung carcinoma (NSCLC), 
where NSCLC represents the majority (> 85%) cases. 
NSCLC is further subclassified as adenocarcinoma (50%), 
squamous cell carcinoma (~ 40%) and large cell carci-
noma (~ 10%). Lung cancer in NSCLC is difficult to treat 
effectively as the pathology of NSCSC is still unclear [74].

Fig. 4  Exosomes modified with DBCO, c(RGDyK), Cy5,5 [70]

Fig. 5  Exosome modified with GALA peptide and cationic lipid [73]
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Recent research has focused on attempting to over-
come NSCLC by using nanocarrier technology. In this 
research, paclitaxel-loaded exosomes were modified with 
PEG and AA (ligand) to improve their circulation time 
in the blood and allow to target pulmonary metastases. 
By using this modified exosome, the drug can selectively 
deliver to target cancer cells and also can increase the 
survival rate of lung cancer patients [75].

Engineering exosomes by fusion with liposome
A liposome is a structure that consists of single or mul-
tiple concentric lipid bilayers encapsulating an aqueous 
compartment, which were found by Alec D Bangham in 
the 1960s at the Babraham Institute, University of Cam-
bridge [76]. Liposomes have suitable properties for drug 
delivery as it can enhance the therapeutic outcomes for 
pharmaceuticals, biopharmaceuticals, and vaccines. Due 
to their unique structure, the liposomes are able to incor-
porate drugs both within their aqueous core and their 
lipid bilayers [77].

To increase the delivery function of the exosomes, 
Sato et al. attempted to fuse the membranes of exosomes 
with liposomes using the freeze–thaw method. This 
research aims to optimize the exosome surface in order 
to decrease its immunogenicity and increase its colloidal 
stability and improve the half-life of exosomes in blood. 
The result of this research suggests that this represents 
a new method for hybrid exosomes as novel biological 
nanotransporters (bio-nanotransporter). These fusion 
exosomes can be used to transport exogenous hydro-
phobic lipid and also hydrophilic cargoes by membrane 
fusion method to recipient cells [78] (Fig. 6).

Exosome‑coated metal–organic framework nanoparticle
Over the last two decades, metal–organic frameworks 
(MOFs) have become popular among researchers due 
to their intriguing architectures, high crystallinity, 
exceptional porosity and diverse modularity that can 

be employed in various fields [79]. MOFs are a kind of 
organic–inorganic hybrid compound with one-, two-, 
or three-dimensional (1D, 2D, 3D) structural topologies 
consisting of inorganic metal ions/clusters and organic 
ligands [80].

MOFs have many potential factors that may be used in 
nanomedicine, such as structural and chemical diversity, 
their high loading capacity, and intrinsic biodegradabil-
ity [81]. Many more conventional drug delivery vehicles 
such as micelles, liposomes, and dendrimers have diffi-
culties in the control of drug release. On the other hand, 
MOF nanoparticles have a high loading capacity and con-
trolled drug-release properties [82].

In 2017, Illes and co-workers reported the use of MOFs 
for drug delivery. They combined MOF with exosome as 
the drug carrier. The result shows that exosome-coated 
MOF NPs are a smart and efficient drug delivery system 
with an “onboard-trigger”. They combine the features of 
MOF NPs and exosomes facilitating simple and efficient 
loading and sealing of cargos (Fig. 7). Moreover, it shows 
great delivery ability with no premature leakage. Intracel-
lular cargo release is possibly mediated by a combination 
of the endogenous exosomal release mechanism and deg-
radation of the nanocarrier, which decomposes into sub-
stances that are naturally present in the body [83].

Discussion
Nowadays, the study of exosomes has become a popular 
in molecular technology research. The precise roles of 
exosomes produced by a variety of cells are still unclear 
and need further research. Accordingly, many studies 
have focused on revealing the role of exosomes that were 
derived from specific cells, such as macrophages, rhab-
domyosarcoma (RMS) cell, metastatic cancer cell, malig-
nant mesothelioma (MM) cell, osteoclast, pancreatic 
cancer cell (PCC), bronchial fibroblast and mesenchymal 
stem cell.

Fig. 6  Exosomes fusion with liposome [78]



Page 10 of 13Bunggulawa et al. J Nanobiotechnol  (2018) 16:81 

RMS-derived exosomes were discovered to deliver 
miRNA to induce migration and invasion of human 
fibroblast and promote angiogenesis. On other hand, 
exosomes that derived from osteoclasts delivered specific 
miRNA that acts as a coupling inhibitor to negatively reg-
ulate osteoblast. Exosomes that derived from bronchial 
fibroblast cells play a role as messenger to increase pro-
liferation of airway epithelium in severe asthma that can 
induce airway remodeling. Exosomes that were produced 
from cancer cells have different roles depending on their 
progenitor cancer cell. Metastatic cancer cell-derived 
exosomes export thrombin and activate the RhoA/Rock 
pathway in recipient cell, while PCC-derived exosomes 
play a role in increasing proliferation and migration and 
induce activation and profibrogenic in pancreatic stellate 
cell. Other exosomes whose roles have been identified 
are MM-derived exosomes, macrophage exosomes, and 
MSC exosomes. Macrophage exosomes were discovered 
to play an important role in the body’s immune system. 
MM-exosomes were identified regulate recipient cells 
within the tumor microenvironment which induce pro-
malignant effects such as pro-angiogenesis and increas-
ing angiogenesis and invasiveness, while MSC-exosomes 
play role in maintaining homeostasis, responding to 
external stimuli and exerting a protective effect against 
myocardial injury.

Using derived exosomes for drug delivery has great 
advantages as exosomes that derived from a specific 
progenitor cell will deliver cargos to the specific tar-
get cell. As for the delivery properties, the ideal derived 
exosome is the macrophage exosome. In our review, we 
have explained that macrophage exosomes have the abil-
ity to enhance the BBB, even without any modifications 

on their surface. This exosome is suitable for drug deliv-
ery for brain treatment since it has better ability to cross 
the BBB compared to other nanotechnology. In another 
hand, Metastatic cancer cell-derived exosomes, MM-
exosomes, and PCC-exosomes are useful properties for 
cancer treatment as these exosomes have an important 
role in cancer cell maintenance that also affects cancer 
growth. Others derived exosomes have the same role as 
exosome in general that can be used for targeting the 
specific target for treatment, such as RMS-exosomes for 
targeting fibroblast cells, osteoclast exosome for targeting 
osteoblast cells and bronchial fibroblast-exosome for tar-
geting epithelial cells.

Not only revealing the roles of the exosomes, much 
researcher has been carried out on using them to deliver 
cargo to specific target cell. It has also been shown that 
their delivery ability can be increased via modification 
of their surface. Tian et  al. modified the exosomes with 
DBCO, c(RGDyK), Cy5,5 in order to deliver curcumin 
to the ischemic sites in the brain. As exosomes have low 
cytosolic release efficiency of the encapsulated molecule 
inside the cell, Nakase and Futaki in 2014 combined 
exosomes with GALA peptides and cationic lipids to 
enhance the cellular uptake. Another innovation is exo-
some fusion with liposome. Exosomes and liposomes 
each have their own advantageous delivery proper-
ties. Sato et al. combined these two particles in order to 
decrease immunogenicity and increase the colloidal sta-
bility. In 2017, Illes et al. and Kim et al. reported modi-
fication with a different purpose. Illes et  al. combined 
exosomes with metal organic frame nanoparticles to 
make them more efficient in delivering their cargo and 
increasing their therapeutic efficacy. Kim et al. used PEG 

Fig. 7  Exosome-coated metal–organic framework [83]
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and ligand AA to be combined with exosomes to increase 
the circulation time and target pulmonary metastasis.

In summary, exosomes are one of the ideal and com-
petitive nanocarriers for drug delivery even with or with-
out being modified. Natural derived exosomes have their 
own role in cell–cell communication, which imparts 
them with useful as delivery properties. However, devel-
opment of modified exosomes also has a promising 
future in drug delivery research. However, it is important 
to do more research to improve characterization proses 
and standardize production for either derived exosomes 
or modified exosomes for drug delivery systems.

Authors’ contributions
EJB collected data and wrote the review, WW assisted in writing the review, 
GW, TY, YW conceived and supervised, NW and CD gave some advice in writ-
ing the review. All authors read and approved the final manuscript.

Author details
1 Key Laboratory of Biorheological Science and Technology, Ministry of Educa-
tion, State and Local Joint Engineering Laboratory for Vascular Implants, 
College of Bioengineering, Chongqing University, No 174 Shazheng Street, 
Shapingba District, Chongqing 400044, People’s Republic of China. 2 Nanosci-
ence Centre, Department of Engineering, University of Cambridge, JJ Thom-
son Avenue, Cambridge CB3 0FF, UK. 

Acknowledgements
This work was supported by the National Key Basic Research Project (973) 
(2014CB541600), the National Natural Science Foundation of China (11572064, 
11332003), the Fundamental Research Funds for the Central Universities 
(106112016CDJXZ238802, 106112015CDJZR235514), graduate scientific 
research and innovation foundation of Chongqing, People’s Republic of China 
(Grant No. CYS17037). The authors are indebted to Robert Guidoin, Laval 
University, Québec, Canada for help and guidance. The English was edited and 
improved by Dominique Fournier from Services Linguistiques DF, Québec, 
Canada.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
Yes.

Consent for publication
Yes.

Ethics approval and consent to participate
Yes.

Funding
There is no funding.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 14 May 2018   Accepted: 24 September 2018

References
	1.	 Rufino-Ramos D, Albuquerque PR, Carmona V, Perfeito R, Nobre RJ, Parera 

de Almeida L. Extracellular vesicles: novel promising delivery systems for 
therapy of brain diseases. J Control Release. 2017;262:247–58.

	2.	 Braccioli L, Van Velthoven C, Heijnen CJ. Exosomes: a new weapon to 
treat the central nervous system. Mol Neurobiol. 2014;49:113–9.

	3.	 Yuan D, Zhao Y, Banks WA, Bullock KM, Haney M, Batrakova E, Kabanov 
AV. Macrophage exosomes as natural nanocarriers for protein delivery to 
inflamed brain. Biomaterials. 2017;142:1.

	4.	 Zhou Y, Tian T, Zhu Y, Jaffar AD, Hu F, Qi Y, Sun B, Xiao Z. Exosomes transfer 
among different species cells and mediating miRNAs delivery. J Cell 
Biochem. 2017;118:4267–74.

	5.	 Schorey JS, Harding CV. Extracellular vesicles and infectious diseases: new 
complexity to an old story. J Clin Invest. 2016;126:1181–9.

	6.	 Alenquer M, Amorim MJ. Exosome biogenesis, regulation, and function in 
viral infection. Viruses. 2015;7:5066–83.

	7.	 Hessvik NP, Llorente A. Current knowledge on exosome biogenesis and 
release. Cell Mol Life Sci. 2018;75:193–208.

	8.	 Beach A, Zhang HG, Ratajczak MZ, Kakar SS. Exosomes: an overview 
of biogenesis, composition and role in ovarian cancer. J Ovarian Res. 
2014;7:14. https​://doi.org/10.1186/1757-2215-7-14.

	9.	 Barile L, Vassalli G. Exosomes: therapy delivery tools and biomarkers of 
diseases. Pharmacol Ther. 2017;174:63–78.

	10.	 Li W, Li C, Zhou T, Liu X, Liu X, Li X, Chen D. Role of exosomal proteins in 
cancer diagnosis. Mol Cancer. 2017;16:145. https​://doi.org/10.1186/s1294​
3-017-0706-8.

	11.	 Zhang H, Freitas D, Kim HS, Fabijanic K, Li Z, Chen H, Mark MT, Molina H, 
Martin AB, Bojmar L, Fang J, Rampersaud S, Hoshino A, Matei I, Kenific 
CM, Nakajima M, Mutvei AP, Sansone P, Buehring W, Wang H, Jimenez JP, 
Cohen-Gould L, Paknejad N, Brendel M, Manova-Todorova K, Magalhaes 
A, Ferriera JA, Osorio H, Silva AM, Massey A, Cubillos-Ruiz JR, Galletti G, 
Giannakakou P, Cuervo AM, Blenis J, Schwartz R, Brady MS, Peinado H, 
Bromberg J, Matsui H, Reis CA, Lyden D. Identification of distinct nanopar-
ticles and subsets of extracellular vesicles by asymmetric flow field-flow 
fractionation. Nat Cell Biol. 2018;20:332–43.

	12.	 Mckelvey KJ, Powell KL, Ashton AW, Morris JM, Mccracken SA. Exosomes: 
mechanisms of uptake. J Circ Biomarkers. 2015;4:1.

	13.	 He C, Zheng S, Luo Y, Wang B. Exosome theranostics: biology and transla-
tional medicine. Theranostics. 2018;8:237–55.

	14.	 Corliss BA, Azimi MS, Munson J, Peirce SM, Murfee WL. Macrophages: 
an inflammatory link between angiogenesis and lymphangiogenesis. 
Microcirculation. 2016;23:95–121.

	15.	 Malyshev I, Malyshev Y. Current concept and update of the macrophage 
plasticity concept: intracellular mechanisms of reprogramming and M3 
macrophage “switch” phenotype. Biomed Res Int. 2015;2015:341308. 
https​://doi.org/10.1155/2015/34130​8.

	16.	 Wang C, Zhang C, Liu L, Xi A, Chen B, Li Y, Du J. Macrophage-derived mir-
155-containing exosomes suppress fibroblast proliferation and promote 
fibroblast inflammation during cardiac injury. Mol Ther. 2017;25:192–204.

	17.	 Monti E, Fanzani A. Uncovering metabolism in rhabdomyosarcoma. Cell 
Cycle. 2015;15:184–95.

	18.	 Poniewierska-Baran A, Schneider G, Sun W, Abdelbaset-Ismail A, Barr 
FG, Ratajczak MZ. Human rhabdomyosarcoma cells express functional 
pituitary and gonadal sex hormone receptors: therapeutic implications. 
Int J Oncol. 2016;48:1815–24.

	19.	 Ghayad SE, Rammal G, Ghamloush F, Basma H, Nasr R, Diab-Assaf M, 
Chelala C, Saab R. Exosomes derived from embryonal and alveolar rhab-
domyosarcoma carry differential miRNA cargo and promote invasion of 
recipient fibroblasts. Sci Rep. 2016;6:37088.

	20.	 Sung BH, Weaver AM. Exosome secretion promotes chemotaxis of cancer 
cells. Cell Adhes Migr. 2017;11:187–95.

	21.	 Schillaci O, Fontana S, Monteleone F, Taverna S, Di Bella MA, Di Vigio D, 
Alessandro R. Exosomes from metastatic cancer cells transfer amoeboid 
phenotype to non-metastatic cells and increase endothelial permeability: 
their emerging role in tumor heterogeneity. Sci Rep. 2017;7:4711. https​://
doi.org/10.1038/s4159​8-017-05002​-y.

	22.	 Kalluri R. The biology and function of exosomes in cancer. J Clin Invest. 
2016;126:1208–15.

	23.	 Nabavi N, Bennewith KL, Churg A, Wang Y, Collins CC, Mutti L. Switching 
off malignant mesothelioma: exploiting the hypoxic microenvironment. 
Genes Cancer. 2016;7:340–54.

	24.	 Kalra N, Zhang J, Thomas A, Xi L, Cheung M, Talarchek J, Burkett S, Tsokos 
MG, Chen Y, Raffeld M, Miettinen M, Pastan I, Testa JR, Hassan P. Mesotheli-
oma patient derived tumor xenografts with defined BAP1 mutations that 

https://doi.org/10.1186/1757-2215-7-14
https://doi.org/10.1186/s12943-017-0706-8
https://doi.org/10.1186/s12943-017-0706-8
https://doi.org/10.1155/2015/341308
https://doi.org/10.1038/s41598-017-05002-y
https://doi.org/10.1038/s41598-017-05002-y


Page 12 of 13Bunggulawa et al. J Nanobiotechnol  (2018) 16:81 

mimic the molecular characteristics of human malignant mesothelioma. 
BMC Cancer. 2015;15:1–378. https​://doi.org/10.1186/s1288​5-015-1362-2.

	25.	 Greening DW, Ji H, Chen M, Robinson BW, Dick IM, Creaney J, Simpson RJ. 
Secreted primary human malignant mesothelioma exosome signature 
reflects oncogenic cargo. Sci Rep. 2016;6:32643. https​://doi.org/10.1038/
srep3​2643.

	26.	 Abdelmagid SM, Sondag GR, Moussa FM, Belcher JY, Yu B, Stinnett H, 
Novak K, Mbimba T, Khol M, Hankenson KD, Malcuit C, Safadi FF. Mutation 
in osteoactivin promotes receptor activator of NFκB ligand (RANKL)-
mediated osteoclast differentiation and survival but inhibits osteoclast 
function. J Biol Chem. 2015;290:20128–46.

	27.	 Charles JF, Aliprantis AO. Osteoclasts: more than ‘bone eaters’. Trends Mol 
Med. 2014;20:449–59.

	28.	 Sun W, Zhao C, Li Y, Wang L, Nie G, Peng J, Wang A, Zhang P, Tian W, Li Q, 
Song J, Wang C, Xu X, Zhao D, Xu Z, Zhong G, Han B, Ling S, Chang YZ, Li 
Y. Osteoclast-derived microRNA-containing exosomes selectively inhibit 
osteoblast activity. Cell Discov. 2016;2:16015.

	29.	 Klein AP. Genetic susceptibility to pancreatic cancer. Mol Carcinog. 
2012;51:14–24.

	30.	 Neesse A, Michl P, Frese KK, Feig C, Cook N, Jacobetz MA, Lolkema MP, 
Buchholz M, Olive KP, Gress TM. Stromal biology and therapy in pancre-
atic cancer. Gut. 2011;60:861.

	31.	 Masamune A, Yoshida N, Hamada S, Takikawa T, Nabeshima T, Shi-
mosegawa T. Exosomes derived from pancreatic cancer cells induce acti-
vation and profibrogenic activities in pancreatic stellate cells. Biochem 
Biophys Res Commun. 2017;495:71–7.

	32.	 Swonger JM, Liu JS, Ivey MJ, Tallquist MD. Genetic tools for identify-
ing and manipulating fibroblasts in the mouse. Differentiation. 
2016;92:66–83.

	33.	 James AJ, Penrose JF, Cazaly AM, Holgate ST, Sampson AP. Human 
bronchial fibroblasts express the 5-lipoxygenase pathway. Respir Res. 
2006;7:102. https​://doi.org/10.1186/1465-9921-7-102.

	34.	 Haj-Salem I, Plante S, Gounni AS, Rouabhia M, Chakir J. Fibroblast-derived 
exosomes promote epithelial cell proliferation through TGF-β2 signaling 
pathway in severe asthma. Allergy. 2018;1416:55–87.

	35.	 White IA, Sanina C, Balkan W, Hare JM. Mesenchymal stem cells in cardiol-
ogy. Methods Mol Biol. 2016;1416:55.

	36.	 Samsonraj RM, Raghunath M, Nurcombe V, Hui JH, Van Wijnen AJ, Cool 
SM. Concise review: multifaceted characterization of human mesenchy-
mal stem cells for use in regenerative medicine. Stem Cells Transl Med. 
2017;6:2173–85.

	37.	 Lou G, Chen Z, Zheng M, Liu Y. Mesenchymal stem cell-derived 
exosomes as a new therapeutic strategy for liver diseases. Exp Mol Med. 
2017;49:e346. https​://doi.org/10.1038/emm.2017.63.

	38.	 Pedersen KW, Kierulf B, Manger I, Oksvold MP, Li M, Vlassov A, Roos N, 
Kullmann A, Neurauter A. Direct isolation of exosomes from cell culture: 
simplifying methods for exosome enrlchment and analysis. Transl 
Biomed. 2015;6:2. https​://doi.org/10.21767​/2172-0479.10001​8.

	39.	 Livshts MA, Khomyakova E, Evtushenko EG, Lazarev VN, Kulemin NA, 
Semina SE, Generozov EV, Govorun VM. Isolation of exosomes by differen-
tial centrifugation: theoretical analysis of a commonly used protocol. Sci 
Rep. 2015;5:21447.

	40.	 Helwa I, Cai J, Drewry MD, Zimmerman A, Dinkins MB, Khaled ML, 
Seremwe M, Dismuke WM, Bieberich E, Stamer WD, Hamrick MW, Liu 
Y. A comparative study of serum exosome isolation using differen-
tial ultracentrifugation and three commercial reagents. PLoS ONE. 
2017;12:e0170628. https​://doi.org/10.1371/journ​al.pone.01706​28.

	41.	 Yakimchuk K. Exosomes: isolation and characterization methods and 
specific markers. Maker Methods. 2015;5:1450. https​://doi.org/10.13070​/
mm.en.5.1450.

	42.	 Kang H, Kim J, Park J. Methods to isolate extracellular vesicles for diag-
nosis. Micro Nano Syst Lett. 2017;5:15. https​://doi.org/10.1186/s4048​
6-017-0049-7.

	43.	 Contreras-Naranjo JC, Wu HJ, Ugaz VM. Microfluidics for exosome isola-
tion and analysis: enabling liquid biopsy for personalized medicine. Lab 
Chip. 2017;17:3558–77.

	44.	 Taylor DD, Shah S. Methods of isolating extracellular vesicles impact 
down-stream analyses of their cargoes. Methods. 2015;87:3–10.

	45.	 Berg JM, Tymoczko JL, Stryer L. Biochemistry. 5th ed. New York: National 
Center for Biotechnology Informationõs Bookshelf; 2002. p. 93–126.

	46.	 Vekey K, Telekes A, Vertes A. Preface—medical applications of mass 
spectrometry. Medical applications of mass spectrometry, vol. 18. 
2008:1262–71.

	47.	 Kotmakçı M, Akbaba GE. Exosome isolation: is there an optimal method 
with regard to diagnosis or treatment?, chap 8. In: Wang J, editor. Novel 
implication of exosome in diagnosis and treatment of cancer and infec-
tion disease. London: Intech; 2017. p. 163–82.

	48.	 Deregibus MC, Figliolini F, D’Antico S, Manzini PM, Pasquino C, De Lena 
MD, Tetta C, Brizzi MF, Camussi G. Charge-based precipitation of extracel-
lular vesicles. Int J Mol Med. 2016;38:1359–66.

	49.	 Oksvold MP, Neurauter A, Pedersen KW. Magnetic bead-based isolation of 
exosomes. Methods Mol Biol. 2015;1218:465–81.

	50.	 Li P, Kaslan M, Lee SH, Yao J, Gao Z. Progress in exosome isolation tech-
niques. Theranostics. 2017;7:789.

	51.	 Aryani A, Denecke B. Exosomes as a nanodelivery system: a key to the 
future of neuromedicine? Mol Neurobiol. 2016;53:818–34.

	52.	 Ha D, Yang N, Nadithe V. Exosomes as therapeutic drug carriers and 
delivery vehicles across biological membranes: current perspectives and 
future challenges. Acta Pharm Sin B. 2016;6:287–96.

	53.	 Jiang XC, Gao JQ. Exosomes as novel bio-carriers for gene and drug 
delivery. Int J Pharm. 2017;521:167–75.

	54.	 Van der Meel R, Fens MH, Vader P, van Solinge WW, Eniola-Adefeso O, 
Schiffelers RM. Extracellular vesicles as drug delivery systems: lessons 
from the liposome field. J Control Release. 2014;195:72–85.

	55.	 Johnsen KB, Gudbergsson JM, Skov MN, Pilgaard L, Moos T, Duroux M. 
A comprehensive overview of exosomes as drug delivery vehicles—
endogenous nanocarriers for targeted cancer therapy. Biochim Biophys 
Acta. 2014;1846:75–87.

	56.	 Zhuang X, Xiang X, Grizzle W, Sun D, Zhang S, Axtell RC, Ju S, Mu J, Zhang 
L, Steinman L. Treatment of brain inflammatory diseases by delivering 
exosome encapsulated anti-inflammatory drugs from the nasal region to 
the brain. Mol Ther. 2011;19:1769.

	57.	 Batrakova EV, Kim MS. Using exosomes, naturally-equipped nanocarriers, 
for drug delivery. J Control Release. 2015;219:396–405.

	58.	 Haney MJ, Klyachko NL, Zhao Y, Gupta R, Plotnikova EG, He Z, Patel T, 
Piroyan A, Sokolsky M, Kabanov AV. Exosomes as drug delivery vehicles 
for Parkinson’s disease therapy. J Control Release. 2015;207:18.

	59.	 Liu Y, Li D, Liu Z, Zhou Y, Chu D, Li X, Jiang X, Hou D, Chen X, Chen Y. 
Targeted exosome-mediated delivery of opioid receptor Mu siRNA for 
the treatment of morphine relapse. Sci Rep. 2015;5:17543.

	60.	 Sun D, Zhuang X, Xiang X, Liu Y, Zhang S, Liu C, Barnes S, Grizzle W, Miller 
D, Zhang HG. A novel nanoparticle drug delivery system: the anti-
inflammatory activity of curcumin is enhanced when encapsulated in 
exosomes. Mol Ther. 2010;18:1606–14.

	61.	 Hood JL, Scott MJ, Wickline SA. Maximizing exosome colloidal stability 
following electroporation. Anal Biochem. 2014;448:41–9.

	62.	 Saari H, Lázaroibáñez E, Viitala T, Vuorimaalaukkanen E, Siljander P, Ylipert-
tula M. Microvesicle- and exosome-mediated drug delivery enhances the 
cytotoxicity of paclitaxel in autologous prostate cancer cells. J Control 
Release. 2015;220:727–37.

	63.	 Kim MS, Haney MJ, Zhao Y, Mahajan V, Deygen I, Klyachko NL, Inskoe E, 
Piroyan A, Sokolsky M, Okolie O, Hingtgen SD, Karbanov AV, Batrakova EV. 
Development of exosome-encapsulated paclitaxel to overcome MDR in 
cancer cells. Nanomedicine. 2016;12:655–64.

	64.	 Tian Y, Li S, Song J, Ji T, Zhu M, Anderson GJ, Wei J, Nie G. A doxorubicin 
delivery platform using engineered natural membrane vesicle exosomes 
for targeted tumor therapy. Biomaterials. 2014;35:2383–90.

	65.	 Agrawal AK, Aqil F, Jeyabalan J, Spencer WA, Beck J, Gachuki BW, 
Alhakeem SS, Oben K, Munagala R, Bondada S, Gupta RC. Milk-derived 
exosomes for oral delivery of paclitaxel. Nanomedicine. 2017;13:1627–36.

	66.	 Lamichhane TN, Raiker RS, Jay SM. Exogenous DNA loading into extracel-
lular vesicles via electroporation is size-dependent and enables limited 
gene delivery. Mol Pharm. 2015;12:3650–7.

	67.	 Luan X, Sansanaphongpricha K, Myers I, Chen H, Yuan H, Sun D. Engineer-
ing exosomes as refined biological nanoplatforms for drug delivery. Acta 
Pharmacol Sin. 2017;38:754–63.

	68.	 Wei JG, Zou S, Wei YO, Torta F, Alexandra AF, Schiffelers RM, Storm G, 
Wang JW, Czarny B, Pastorin G. Bioinspired cell-derived nanovesicles 
versus exosomes as drug delivery systems: a cost-effective alternative. Sci 
Rep. 2017;7:14322. https​://doi.org/10.1038/s4159​8-017-14725​-x.

https://doi.org/10.1186/s12885-015-1362-2
https://doi.org/10.1038/srep32643
https://doi.org/10.1038/srep32643
https://doi.org/10.1186/1465-9921-7-102
https://doi.org/10.1038/emm.2017.63
https://doi.org/10.21767/2172-0479.100018
https://doi.org/10.1371/journal.pone.0170628
https://doi.org/10.13070/mm.en.5.1450
https://doi.org/10.13070/mm.en.5.1450
https://doi.org/10.1186/s40486-017-0049-7
https://doi.org/10.1186/s40486-017-0049-7
https://doi.org/10.1038/s41598-017-14725-x


Page 13 of 13Bunggulawa et al. J Nanobiotechnol  (2018) 16:81 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

	69.	 Wang J, Gan Y, Han P, Yin J, Liu Q, Ghanian S, Gao F, Gong G, Tang Z. 
Ischemia-induced Neuronal Cell Death Is Mediated by Chemokine 
Receptor CX3CR1. Sci Rep. 2018;8:556. https​://doi.org/10.1038/s4159​
8-017-18774​-0.

	70.	 Tian T, Zhang HX, He CP, Fan S, Zhu YL, Qi C, Huang NP, Xiao ZD, Lu 
ZH, Tannous BA, Gao J. Surface functionalized exosomes as targeted 
drug delivery vehicles for cerebral ischemia therapy. Biomaterials. 
2018;150:137–49.

	71.	 Kobayashi S, Nakase I, Kawabata N, Yu HH, Pujals S, Imanishi M, Giralt E, 
Futaki S. Cytosolic targeting of macromolecules using a pH-dependent 
fusogenic peptide in combination with cationic liposomes. Bioconjug 
Chem. 2009;20:953–9.

	72.	 Sakurai F, Nishioka T, Saito H, Baba T, Okuda A, Matsumoto O, Taga T, 
Yamashita F, Takakura Y, Hashida M. Interaction between DNA-cationic 
liposome complexes and erythrocytes is an important factor in systemic 
gene transfer via the intravenous route in mice: the role of the neutral 
helper lipid. Gene Ther. 2001;8:677–86.

	73.	 Nakase I, Futaki S. Combined treatment with a pH-sensitive fusogenic 
peptide and cationic lipids achieves enhanced cytosolic delivery of 
exosomes. Sci Rep. 2015;5:10112. https​://doi.org/10.1038/srep1​0112.

	74.	 Liu R, Wang X, Curtiss C, Landas S, Rong R, Sheikh MS, Huang Y. Mono-
glyceride lipase gene knockout in mice leads to increased incidence 
of lung adenocarcinoma. Cell Death & Dis. 2018;9:36. https​://doi.
org/10.1038/s4141​9-017-0188-z.

	75.	 Kim MS, Haney MJ, Zhao Y, Yuan D, Deygen I, Klyachko NL, Kabanov AV, 
Batrakova EV. Engineering macrophage-derived exosomes for targeted 

paclitaxel delivery to pulmonary metastases: in vitro and in vivo evalua-
tions. Nanomedicine. 2018;14:195–204.

	76.	 Bozzuto G, Molinari A. Liposomes as nanomedical devices. Int J 
Nanomed. 2015;10:975–99.

	77.	 Dimov N, Kastner E, Hussain M, Perrie Y, Szita N. Formation and purifica-
tion of tailored liposomes for drug delivery using a module-based micro 
continuous-flow system. Sci Rep. 2017;7:12045. https​://doi.org/10.1038/
s4159​8-017-11533​-1.

	78.	 Sato YT, Umezaki K, Sawada S, Mukai S, Sasaki Y, Harada N, Shiku H, 
Akiyoshi K. Engineering hybrid exosomes by membrane fusion with 
liposomes. Sci Rep. 2016;6:21933. https​://doi.org/10.1038/srep2​1933.

	79.	 Zhou Z, Xing X, Tian C, Wei W, Li D, Hu F, Du S. A multifunctional nanoc-
age-based MOF with tri- and tetranuclear zinc cluster secondary building 
units. Sci Rep. 2018;8:3117. https​://doi.org/10.1038/s4159​8-018-21382​-1.

	80.	 Liu R, Yu T, Shi Z, Wang Z. The preparation of metal-organic frameworks 
and their biomedical application. Int J Nanomed. 2016;11:1187–200.

	81.	 Della Rocca J, Liu D, Lin W. Nanoscale metal–organic frameworks for 
biomedical imaging and drug delivery. Acc Chem Res. 2011;44:957–68.

	82.	 Al Haydar M, Abid HR, Sunderland B, Wang S. Metal organic frame-
works as a drug delivery system for flurbiprofen. Drug Des Dev Ther. 
2017;11:2685–95.

	83.	 Illes B, Hirschle P, Barnert S, Cauda V, Wuttke S, Engelke H. Exosome-
coated metal-organic framework nanoparticles: an efficient drug delivery 
platform. Chem Mater. 2017;29:8042–6.

https://doi.org/10.1038/s41598-017-18774-0
https://doi.org/10.1038/s41598-017-18774-0
https://doi.org/10.1038/srep10112
https://doi.org/10.1038/s41419-017-0188-z
https://doi.org/10.1038/s41419-017-0188-z
https://doi.org/10.1038/s41598-017-11533-1
https://doi.org/10.1038/s41598-017-11533-1
https://doi.org/10.1038/srep21933
https://doi.org/10.1038/s41598-018-21382-1

	Recent advancements in the use of exosomes as drug delivery systems
	Abstract 
	Background
	Biogenesis of exosomes
	Exosome cellular recognition
	Exosome uptake

	Derived exosomes
	Macrophage-derived exosomes
	Rhabdomyosarcoma (RMS)-derived exosomes
	Metastatic cancer cell-derived exosomes
	Malignant mesothelioma (MM) cell-derived exosomes
	Osteoclast-derived exosomes
	Pancreatic cancer cell (PCC)-derived exosomes
	Bronchial fibroblast-derived exosomes
	Mesenchymal stem cell (MSC)-derived exosomes

	Isolation of exosomes
	Differential centrifugation
	Filtration
	Size-exclusion chromatography
	Polymer precipitation
	Immunomagnetic isolation


	Exosome as a therapeutic delivery system
	Modified exosome for drug delivery
	Surface modified exosomes for cerebral ischemia therapy
	Exosomes combine with pH-sensitive fusogenic peptide and cationic lipid for cytosolic delivery
	Exosome engineering with PEG and AA for pulmonary metastasis
	Engineering exosomes by fusion with liposome
	Exosome-coated metal–organic framework nanoparticle

	Discussion
	Authors’ contributions
	References




