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Abstract 

Although the clinical application and transformation of exosomes are still in the exploration stage, the prospects are 
promising and have a profound impact on the future transformation medicine of exosomes. However, due to the limi-
tation of production and poor targeting ability of exosomes, the extensive and rich biological functions of exosomes 
are restricted, and the potential of clinical transformation is limited. The current research is committed to solving the 
above problems and expanding the clinical application value, but it lacks an extensive, multi-angle, and comprehen-
sive systematic summary and prospect. Therefore, we reviewed the current optimization strategies of exosomes in 
medical applications, including the exogenous treatment of parent cells and the improvement of extraction methods, 
and compared their advantages and disadvantages. Subsequently, the targeting ability was improved by carrying 
drugs and engineering the structure of exosomes to solve the problem of poor targeting ability in clinical transforma-
tion. In addition, we discussed other problems that may exist in the application of exosomes. Although the clinical 
application and transformation of exosomes are still in the exploratory stage, the prospects are promising and have a 
profound impact on drug delivery, clinical diagnosis and treatment, and regenerative medicine.
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Introduction
Extracellular vesicles (EVs) have received increas-
ing attention as novel biomarkers, therapeutics, and 
drug delivery vehicles for diseases [1]. EVs can be clas-
sified according to their biosynthetic or release path-
way, including exosomes with a diameter of 30–150 nm 
that originate from the endocytic pathway, microvesi-
cles with a diameter of approximately 100–1000  nm 
that are directly released from the plasma membrane, 
and 50  nm–2 um that are generated by apoptosis [2]. 
Among them, the powerful advantages and functions of 
exosomes are highlighted in medical research and clini-
cal applications due to their containing complex nucleic 
acids, RNA, and proteins. A variety of cells can secrete 
exosomes under normal and pathological conditions. 
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Exosomes originate from the inward budding of the cell 
membrane to form an endosome. After undergoing the 
processes of forming a polycystic complex, directional 
assembly, and migration, the endosome fused with the 
cell membrane and excreted out of the cell by exocytosis 
[3, 4]. Exosomes have a topology similar to that of cells 
and contain proteins such as transmembrane protein 
(CD9, CD63, CD81), annexins, and heat shock proteins 
(HSP) [5–7]. And the exosomes were also enriched in 
cholesterol and sphingomyelin. Up to now, many studies 
have found that there are 41,860 kinds of protein, 2838 
kinds of microRNA, and 3,408 kinds of mRNA in the 
exocrine body [8–10] (Fig. 1).

Exosomes not only mediate signal transmission 
between cells by binding to the plasma membrane, but 
also they are enriched in a variety of bioactive genes that 
can transmit messages between cells [11]. Furthermore, 
exosomes are present in all biological fluids. Exosomes 
extracted from body fluids were performed multicompo-
nent analysis, which can accurately reflect the source of 
the cells in which they occur and their physio-patholog-
ical status [12]. It may assist in the diagnosis and prog-
nosis of diseases. At present, with the gradual progress 
of research, exosomes have been paid more and more 

attention. For example, umbilical cord mesenchymal 
stem cell-derived exosomes (ucMSC-Exs) were validated 
in our previous study to promote pancreatic tissue repair 
in traumatic pancreatitis injury by inhibiting pancreatic 
acinar cell apoptosis and controlling the systemic inflam-
matory response [13]. Kong et  al. [14] investigated the 
effect of cancer cell-derived exosomes linc00313 on M2 
macrophage differentiation in non-small cell lung cancer 
(NSCLC). They found that cancer cell-derived exosomes 
linc00313 promoted M2 macrophage differentiation in 
non-small cell lung cancer by upregulating STAT6. Wang 
et al. investigated the efficacy and mechanism of epider-
mal stem cell-derived exosomes (ESCs-exo) in improv-
ing impaired diabetic wound healing, elucidating that 
ESCs-exo enhanced the proliferation and migration of 
diabetic fibroblasts and macrophages and accelerated 
M2 macrophage polarization to promote diabetic wound 
healing. Besides cell-derived exosomes, some natural 
exosomes from body fluids also affect important biologi-
cal functions. Pan et al. [15] demonstrated that exosomes 
derived from urine stem cells (USCS) can induce neu-
rogenesis and contribute to recover the function of cer-
ebral ischemia. Mi et  al. [16] found that saliva-derived 
exosomes can induce human umbilical vein endothelial 

Fig. 1 Origin and structural characteristics of exosomes
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cell (HUVEC) proliferation, migration, and angiogenesis 
in  vitro and promote skin wound healing in  vivo. Zhou 
et  al. [17] found that human milk-derived exosomes 
ameliorated hyperoxia-induced cell injury to prevent 
neonatal bronchopulmonary dysplasia by inhibiting the 
downstream of the IL-17 signaling pathway. However, 
the bottleneck for exosomes to exert their extensive and 
abundant biological functions is limited yield and poor 
targeting ability. Therefore, it is an urgent problem to 
massively improve the yield of exosomes and their tar-
geted enrichment in target organs [18–20].

Firstly, the multiple biological functions of exosomes 
depend on the accumulation of a certain amount of 
exosomes in target organ tissues. The improvement of 
exosome yield is a big problem for future applications. 
Extraction of exosomes is difficult due to their differences 
in size, content, function, and source [21, 22]. The cur-
rent separation techniques cannot separate it accurately, 
resulting in relatively low exosome extraction purity and 
extraction yield [23, 24]. Therefore, how to efficiently 
enrich exosomes is an important topic at present, which 
is crucial for analyzing the molecular mechanism of the 
role of exosomes.

Secondly, another major obstacle to the future clini-
cal application of exosomes is targeted delivery [25]. 
Improving the enrichment or colonization content of 
exosomes in target organs or target tissues can more effi-
ciently exert the dominant effect of the exosomes and 
save the amount of the exosomes used for exerting the 
same effect, which will relieve the pressure for urgently 
improving the yield of the exosomes from the side. Natu-
ral exosomes are unable to deliver drugs efficiently and 
be targeted for applications due to several disadvantages 
such as poor stability and easy destruction [5]. In addi-
tion, after the exosomes enter the body, the utilization 
rate significantly decreases owing to blood circulation, 
immune clearance and retention of organs [26, 27]. To 
meet research needs, engineering exosomes by means 
such as the surface modification or drug loading is a way 
of practical application that makes exosomes superior in 
terms of yield and targeted therapy, thereby achieving a 
precise treatment of exosomes and accelerating the clini-
cal application of exosomes [28, 29].

In this review, we first introduced strategies to solve 
the mass production problems of exosomes in clinical 
and research applications: exogenous treatment for par-
ent cells and different extraction methods. Secondly, two 
methods of improving the targeting ability of exosomes 
are introduced. One is to improve the targeting ability 
of exosomes carrying drugs; the other is to improve the 
targeting ability by engineering modification of the exo-
some structure. Finally, we summarize the trends and 
possible challenges in future research and application of 

exosomes. Therefore, many researchers have made a lot 
of efforts how to standardize the isolation, purification, 
and quantification of exosomes and to improve the tar-
geting ability of exosomes, which has laid the theoretical 
and technical foundation for the clinical application of 
exosome therapy.

Optimization strategy of exosomes in clinical 
application and medical research—improving 
the yield of exosomes
Exogenous treatment of parent cells
In the clinical application of medical research, the 
exosomes secreted by cells through paracrine function 
play a major role [30, 31]. Therefore, the status, vital-
ity, proliferation status and living environment of par-
ent cells are closely related to the content and function 
of exosomes [32, 33]. In order to produce safer and more 
effective exosomes for clinical transformation research 
on a large scale, different measures are taken for par-
ent cells to change and affect the exosomes yield from 
the source, which is crucial for the development of new 
therapies for diseases in the future. We summarize recent 
advances regarding the exogenous management of paren-
tal cells.

Origin and cell status of parent cells
A variety of cells in the body can secrete exosomes, 
and the content of exosomes produced by different cell 
sources is also different. Some scholars have compared 
the production and doubling times of exosomes of mes-
enchymal stem cells from different sources. They have 
found that umbilical cord mesenchymal stem cells grow 
faster than mesenchymal stem cells from bone mar-
row or other tissues under the same culture conditions. 
Umbilical cord mesenchymal stem cells produce more 
and larger exosomes than bone marrow or other tis-
sues [34]. Cell state is closely related to cell culture gen-
eration. Telomerase activity is continuously decreased 
during cell division and proliferation, resulting in cell tel-
omere shortening and partial gene loss at the late stage 
of DNA replication. After multiple passages, the cell 
senescence occurs, and the differentiation ability of stem 
cells is gradually reduced. Similarly, the yield and purity 
of exosomes can be significantly reduced, resulting in an 
impact on the efficacy of exosome therapy. Some studies 
have found that there is a positive correlation between 
the degree of cell aging and cell generation by analyzing 
the biological characteristics of each generation of bone 
marrow mesenchymal stem cells. During the culture, the 
number of apoptotic cells increased significantly from 
the sixth generation. After the eighth generation, more 
apoptotic cells appeared and such aging phenomena as 
cytoplasmic vacuolation and cell body enlargement [35]. 
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In addition, cell inoculation density may affect exosome 
secretion. Studies have shown that cell-to-cell contact 
can lead to various physiological changes in cells. This 
may include cessation of cell growth and changes in dif-
ferentiation status [36]. One study reported that with the 
increase in the number of passages of mesenchymal stem 
cells, the biological activity of exosomes of mesenchymal 
stem cells was significantly reduced. They further dem-
onstrated that reduced cell seeding density in the culture 
flask resulted in increased exosome production [37].

Therefore, scholars should pay attention to the fol-
lowing points when obtaining exosomes: First, select 
appropriate parent cells according to the needs of the 
experiment. When there are many kinds of parent cells 
to choose, the cell line with a high yield should be given 
priority. Secondly, we should select the parent cells with 
high activity and primitive to improve the ability to derive 
exosomes. Finally, frequently observe the cell density and 
growth state in the process of cell culture and select the 
parent cells in the logarithmic growth period to extract 
the exosomes.

Three‑dimensional cell culture
Three-dimensional cell culture is a technique in which 
biological cells can be grown in artificially created three-
dimensional spaces. Three-dimensional cell culture ena-
bles cells to migrate and grow in the three-dimensional 
tridimensional spatial structure of the vector, constitut-
ing three-dimensional cell carrier complexes and allow-
ing cells to grow in all directions in vitro, similar to how 
they grow in vivo. Three-dimensional culture technology 
not only preserves the material and structural basis of 
the in  vivo cellular microenvironment, but also exhibits 
the advantages of intuitiveness and condition control-
lability of cell culture. Studies have shown that the pro-
duction of exosomes secreted by umbilical cord-derived 
mesenchymal stem cells based on three-dimensional 
culture is 20 times that of two-dimensional (2D) culture 
[34]. Zhang et al. found that the exosomes produced by 
three-dimensional cultured mesenchymal stem cells 
had a stronger anti-inflammatory effect and more stable 
properties by replacing the traditional two-dimensional 
culture system with the three-dimensional system [38]. 
Yang et al. cultured human umbilical cord mesenchymal 
stem cells using the three-dimensional culture technique 
and isolated exosomes from the obtained supernatant. 
They found that three-dimensional cultured exosomes 
(3D-Exo) can reduce Aβ production in Alzheimer’s dis-
ease pathological cells and transgenic mice to improve 
memory and cognitive deficits in Alzheimer’s mice [39]. 
Therefore, making full use of three-dimensional cell cul-
ture technology contributes to the large-scale production 

of exosomes and provides greater potential for the clini-
cal transformation of exosomes.

Hypoxic preconditioning
Many diseases or injuries create a hypoxic microenviron-
ment, while stem cells secreting exosomes have a natural 
tropism to the site of pathological changes such as hypoxia 
and inflammation and are able to regulate the secretion of 
corresponding substances depending on the microenvi-
ronmental conditions [40, 41]. Stem cell transplantation 
therapy holds promise for many difficult diseases, but the 
low number of surviving transplanted cells and their poor 
secretory function make it difficult to exert therapeu-
tic utility [42]. Hypoxic preconditioning can effectively 
improve biological characteristics such as proliferative 
activity, anti-apoptotic ability, and secretory function of 
implanted cells. Studies have shown that hypoxic precon-
ditions of mesenchymal stem cells (MSCs) can enhance 
their paracrine effects. This study, using an in  vivo frac-
ture model and in  vitro experiments, confirms that 
hypoxic preconditioning can be used as a method to opti-
mize the therapeutic effects of MSC-derived exosomes on 
fracture healing [43]. Therefore, hypoxic preconditioned 
stem cells can effectively optimize the yield and function 
of exosomes to exert better therapeutic effects.

Drug pretreatment
Because of the safety, low toxicity, and immunogenicity of 
exosomes, the therapeutic outcomes based on exosomes 
have greatly exceeded initial expectations in many clini-
cally difficult diseases, but the yield of exosomes is a bot-
tleneck for their widespread use. Taking different drug 
pretreatment to the parental cells could increase the yield 
of exosomes and optimize the function of exosomes to 
some extent. Studies have found that melatonin is syn-
thesized from tryptophan and has protective effects 
under pathological conditions. As a novel precondition-
ing method, melatonin could effectively enhance the anti-
oxidant, anti-inflammatory, and anti-apoptotic functions 
of exosomes in chronic kidney disease, diabetic wound 
healing, and ischemia–reperfusion therapy [44]. Another 
study pretreated bone marrow-derived mesenchymal 
stem cells (BMSCs) with traditional Chinese medi-
cine Tongxinluo (TXL) and then collected their derived 
exosomes, verifying that exosomes secreted by TXL pre-
treated bone marrow-derived mesenchymal stem cells 
exhibited enhanced anti-apoptotic and anti-inflamma-
tory effects in acute myocardial infarction (AMI) com-
pared with untreated exosomes [45]. Therefore, proper 
pretreatment of the source cells combined with a suitable 
centrifugation method is effective in increasing exosome 
yield as well as functional properties (Fig. 2).
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Improving the yield of exosomes–extraction method
With the deepening of research in the field of exosomes, 
in order to better its biological function and further 
explore its molecular mechanism. Researchers have 
established many separation techniques to continuously 
optimize the extraction of exosomes (Table  1). Hereto-
fore, there is still no method that can guarantee the con-
tent, purity, and biological activity of exosomes at the 
same time.

Traditional methods
The traditional extraction methods for exosomes are 
mainly as follows: ultracentrifugation, ultrafiltration cen-
trifugation, chromatography, precipitation, immunoaf-
finity chromatography, and immunomagnetic beads. The 
advantages of ultracentrifugation are low cost-effective-
ness, no risk of contamination, and the ability to extract 
larger amounts of exosomes [46]. But this method con-
sumes time due to continuous centrifugation [47]. At 
the same time, the extracted exosomes may be damaged 
due to high-speed centrifugation. Ultrafiltration cen-
trifugation uses ultrafiltration membranes with different 
relative molecular masses for selective separation [48, 
49]. Small molecular substances are filtered to the other 

side of the membrane, while high relative molecular 
mass substances larger than the pore size of the mem-
brane is retained on the ultrafiltration membrane. This 
method is simple, efficient, and does not affect the bio-
logical activity of exosomes. However, the disadvantage 
is that the exosomes may block the filter holes, resulting 
in the shortened life of the membrane and low separa-
tion efficiency. In addition, the exosomes remaining on 
the membrane may adhere, resulting in decreased yield. 
The greatest advantages of obtaining exosomes by chro-
matography are short time, high yield, and no need for 
special equipment. However, this method has the same 
problem of low exosome purity as the ultracentrifuga-
tion method. Secondly, exosome loss due to possible 
membrane adhesion during the operation is also a prob-
lem faced by this method [49, 50]. The advantage of the 
precipitation method is that it is economical and does 
not need additional equipment [51]. However, there are 
many problems with this separation method: low purity 
and recovery rate, more foreign proteins, uneven parti-
cle size, and destruction of exosomes. The advantage of 
the immunoaffinity chromatography is that it can accu-
rately separate the specified exosomes with high purity 
[52]. However, the disadvantages of this method are high 

Fig. 2 Improving the yield of exosomes from four aspects: origin and cell status of parent cells, three-dimensional cell culture, hypoxic 
preconditioning, and drug pretreatment
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economic cost and low yield of exosomes. Exosomes 
have their specific markers (such as CD9, CD81, etc.). 
The exosomes can be adsorbed and separated by incu-
bating magnetic beads coated with anti-marker antibod-
ies with exosome vesicles. Because the heterogeneity of 
exosomes is consistent with their origin, the markers on 
different exosomes are also different. Different types of 
exosomes can be captured from samples by specific anti-
body combinations for selective separation. The magnetic 
bead method has the advantages of high specificity, sim-
ple operation, and no influence on the shape integrity 
of exosomes, but its efficiency is low, and the biological 
activity of exosomes is easily affected by pH and salt con-
centration, which is not conducive to downstream exper-
iments and difficult to be widely popularized [53–55].

Emerging methods
In recent years, with the rapid development of science 
and technology, a number of new methods for the extrac-
tion of exosomes have emerged, such as biochips and 
extraction kits. There are more than 1000 electrodes in an 
alternating current electrokinetic (ACE) microarray chip 
device and the surface of which is coated with a thin layer 
of porous hydrogel. Exosomes are enriched in the high 
field area. The exosomes enriched at the chip electrode 
can be directly analyzed and identified by scanning elec-
tron microscope and immunofluorescence. The device 
can quickly separate and obtain exosomes from undi-
luted human plasma samples, and requires a small num-
ber of samples. It can concentrate the exosomes in the 
high-field area around the microelectrode within 15 min. 
Separation, washing, and chip fluorescence analysis can 
be completed within 30 min. However, the disadvantages 
of this method are high economic cost, difficult clinical 
popularization, and low social benefit [56]. The extrac-
tion kit method can obtain a large number of exosomes 
with complete structure and function from cell superna-
tant, serum plasma, or other body fluids by simple mix-
ing and conventional centrifugation. This method has the 
advantages of convenient operation, simple experimental 
steps, fast extraction speed, and strong compatibility. It 
is widely applicable to the isolation of cell supernatant, 
serum, plasma, or other body fluid secretions. The disad-
vantages of this method are the same as alternating cur-
rent electrokinetic (ACE) microarray chip device, and the 
quality control of the kit should also be considered [57].

Exosomes are widely distributed in various body fluids. 
Further studies are needed on how to simplify the extrac-
tion of exosomes, improve the production of exosomes, 
and how effectively and accurately separate exosomes. 
Different separation methods were chosen for differ-
ent purposes and applications. Maybe a combination 
of several methods that can be selected simultaneously 

provides a more optimal strategy for effective exosome 
isolation.

Optimization strategy of exosomes in clinical 
application and medical research–improve 
the targeting ability of exosomes
Drug loading mode
Exosomes have similar biological structures and domi-
nant physiological functions to those of the parent cells. 
However, exosomes are smaller and more stable. And 
exosomes contain abundant bioactive components such 
as nucleic acids, proteins, and lipids, carrying a lot of 
biological information. After exosomes are engulfed by 
target cells, intercellular signaling is completed by deliv-
ering these functional molecules to achieve functional 
regulation on recipient cells [58, 59]. However, the tar-
geting of exosomes is insufficient. Therefore, it is easily 
cleared quickly and taken up by non-target cells after 
entering the body, or exosomes interact with the cell 
membrane, reducing the application of their dominant 
effect [60]. To solve the problem of limited targeting of 
exosomes, domestic and foreign scholars have modified 
the loading of the contents of the exosomes to make the 
exosomes have specific targeting or reduce the probabil-
ity of being cleared by the organs, thereby achieving the 
purpose of improving the targeting and stability of the 
exosomes [61]. Exosome-targeted drug-loading strategies 
can be divided into two main categories, endogenous and 
exogenous.

Endogenous
Endogenous is the loading of various drug molecules 
(such as nucleic acids, viral proteins, and chemical drugs) 
in the interior of exosomes [62]. This method co-incu-
bates parental cells with drugs or transfects drug encod-
ing DNA or RNA to parental cells, allowing drugs to 
enter the cytoplasm. Drugs in the cytoplasm are sorted 
into exosomes in active or passive ways, and then drug-
loaded exosomes can be obtained by suitable extraction 
methods. This method only involves the treatment and 
transformation of cells and hardly treats exosomes. Its 
advantage is that it keeps the integrity and functionality 
of exosomes, but its disadvantage is that the drug load-
ing efficiency is relatively low. Pascucci et  al. increased 
the uptake capacity of mesenchymal stem cells by pas-
sive diffusion of paclitaxel into the cells through the pre-
treatment of mesenchymal stem cells with paclitaxel. 
Exosomes were then extracted from mesenchymal stem 
cells co-incubated with paclitaxel. Finally, they found that 
exosomes extracted from mesenchymal stem cells co-
incubated with paclitaxel had stronger anti-proliferative 
activity by comparing pre-treated exosomes with non-
treated exosomes [63]. Chen et  al. transfected human 
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adipose mesenchymal stem cells with a lentivirus, ena-
bling them to overexpress miR-375. Exosomes carrying 
miR375 were then extracted from human adipose mes-
enchymal stem cells in a rat model of skull defect. They 
found that the bone regenerative capacity of exosomes 
carrying miR375 was enhanced by comparison with 
exosomes extracted from untreated human adipose mes-
enchymal stem cells [64].

Exogenous
Exogenous loading means that exosomes are extracted 
first and then loaded with drugs to target specific cells 
or tissues for exerting effects. The advantages of exog-
enous are that the method is relatively simple and the 
drug-loading efficiency is relatively high. However, 
the drug-loading process may destroy the integrity of 
exosomes, and additional purification steps are required 
to remove unentrapped drugs. We mainly introduce two 
common exogenous methods including sonication and 
electroporation.

Sonication is the sonication of exosomes using a probe 
sonicator, which deforms the exosome membrane, cre-
ating transient small pores that increase the permeabil-
ity of the membrane, thereby allowing small molecular 
substances to diffuse into the exosomes. The advantage 
of this method is the high loading efficiency. The dis-
advantage of this method is to damage the membrane 
of exosomes leading to exosome destruction. Haney 
et  al. developed a novel exosome-based delivery sys-
tem to load catalase into exosomes with the method of 
sonication. The sonicated exosomes have the advantage 
of high loading efficiency, sustained release of catalase, 
and protection from protease degradation. This method 
not only increases the targeted delivery of drug-loaded 
exosomes to target cells, but also increases the therapeu-
tic effect of the drug [65]. Electroporation is a method to 
create temporary hydrophilic pore channels on the exo-
some membrane and increase the permeability of the 
exosome membrane so that small molecular substances 
can cross the pore channels to enter the interior of the 
exosome. The advantage of this method is the higher 
efficiency of loading, and the disadvantage is that elec-
troporation causes exosome aggregation and destabilizes 
the exosome membrane. Wahlgren et  al. loaded siRNA 
into exosomes by using electroporation. Plasma-derived 
exosomes are used as gene-delivery vehicles to transport 
exogenous siRNA to cells. Thus, exosomes effectively 
produce effects by targeted delivery of siRNA into mono-
cytes and lymphocytes [66].

In clinical application and medical research, due to 
many factors, such as drug properties, disease types, and 
different cell types, it is necessary to design targeted drug 
delivery methods according to the different properties of 

loaded drugs and the characteristics of exosomes of dif-
ferent selected cells to improve the targeting ability of 
exosomes.

Engineered exosome biomembrane
Exosomes are able to follow the blood circulation into 
various parts of the human body and even cross the 
blood–brain barrier. After exosomes enter the systemic 
circulation, what cannot avoid is engulfment or excre-
tion by immune cells and the liver [67]. Therefore, their 
reaching target tissue efficiency depends on the degree 
of functionalization as well as the strength of interaction 
with the target cells. To improve the molecular trans-
port capacity of exosomes and targeting properties, the 
engineering of exosomes is an effective approach. Engi-
neered exosomes are gene fusions of ligands or target-
ing peptides to transmembrane proteins expressed on 
the surface of exosomes. Subsequently, donor cells are 
transfected with plasmids encoding fusion proteins that 
secrete engineered exosomes bearing targeting ligands 
on their surface, thereby conferring exosomes with cell 
and tissue specificity [68]. Methods used for engineer-
ing exosomes include chemical ligation of targeting 
peptides, genetic engineering to modify the exosome 
membrane, and magnetic nanoparticle technology. Lee 
et  al. prepared sodium azide lipid-containing exosomes 
and conjugated them with targeting peptides using cop-
per-free click chemistry to enhance targeting efficacy 
to cancer cells. They engineered the parental cells with 
membrane fusion liposomes, avoiding the destruction 
of the exosomes themselves while improving the target-
ing ability of exosomes in a more efficient and controlled 
manner [69]. Cheng et  al. generated targeted exosomes 
of synthetic multivalent antibodies by modifying two dif-
ferent types of antibodies on the surface of exosomes. It 
elicits potent antitumor immunity in  vitro and in  vivo 
by expressing monoclonal antibodies specific for T-cell-
associated CD3 and cancer cell-associated epidermal 
growth factor receptor (EGFR). This study achieved the 
ability to orient and activate cytotoxic T-cells for the tar-
geted killing of cancer cells by engineering modifications 
to exosome surface membrane proteins [70]. Khongkow 
et  al. utilized gold nanoparticles with multifunctional 
properties of surface modification combined with exo-
some membrane proteins for targeted delivery. After 
symbiosis with brain-targeted exosomes, the unique 
targeting properties of gold nanoparticles were demon-
strated by their binding to brain cells under laminar flow 
conditions and their enhanced transport through the 
blood–brain barrier. Synthetic surface modification of 
gold nanoparticles with brain-targeted exosomes repre-
sents a very novel and efficient strategy to provide effec-
tive brain targeting [71].
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The dominant effects of exosomes are mainly mani-
fested in many processes, such as cell signaling, tissue 
transformation and re-differentiation, and regulation 
of signaling pathways. Exosomes are easily manipulated 
and target active molecules can be encapsulated during 
the production of exosomes secreted by parental cells 
and are able to cross multiple biological barriers (Fig.  3 
and Table 2). Exosomes have weak targeting ability. This 
leads to the waste of exosomes in use and affects thera-
peutic efficacy. In addition, there is increased aggrega-
tion in non-target organs or tissues and toxic side effects. 
Therefore, improving the targeting ability of exosomes 
is an obligatory way to achieve a large number of future 
applications of exosomes.

Summarization and prospect
In recent years, exosomes have been found to serve as a 
novel kind of information carrier for intercellular infor-
mation transmission, participating in the regulation 
of molecular and genetic characteristics of normal or 
abnormal cells. The presence of exosomes has provided 
the possibility for cell-free based therapies and sparked 
a boom in research with strong advantages. In order to 
obtain higher-quality exosomes for clinical application. It 
is very important to use appropriate exosome extraction 
methods, culture conditions, and new engineering trans-
formation technologies [72, 73]. At present, there are 
many kinds of exosome extraction methods, all of which 
have their own advantages. However, the exosomes 
obtained by any extraction methods are heterogeneous, 

and a single exosome may contain different amounts 
and kinds of bioactive substances. Second, the differ-
ences between exosomes from different sources are still 
unclear, and their functional differences have not been 
fully elucidated. Hence, they cannot meet research and 
clinical needs. However, both an ideal drug targeting sys-
tem and the system of the engineered exosome targeting 
capabilities must ensure that it is nontoxic and nonim-
munogenic, and it is also free of adverse effects in vitro 
and in vivo, which cannot increase its human body bur-
den. Therefore, the application of exosomes still needs 
further research development.

There are some unsolved problems in clinical appli-
cation and medical research of exosomes besides the 
above-mentioned obstacles. For example, the stor-
age of exosomes is time-sensitive and affected by many 
factors [74]. It should be used as soon as possible after 
extraction. Therefore, it is of great research value and 
clinical application prospect to develop a new storage 
method to maintain the structure and biological func-
tion of exosomes. Secondly, most researches mainly 
focus on the exosomes derived by human stem cells, and 
the research on the advantages and benefits of plant-
derived exosomes should be strengthened. Plant-derived 
exosomes do not involve ethical issues and are relatively 
safe. However, there are still many unexplored problems 
in the mechanism of plant-derived exosomes, which need 
further study. In summary, although clinically applica-
ble exosome extraction methods are not uniform, engi-
neering is still in the stage of exploration. But the future 

Fig. 3 Improve the targeting ability of exosomes. A: two different endogenous loading modes, B: two different exogenous loading modes, C: three 
different engineered exosome biomembrane modes



Page 10 of 13Han et al. Stem Cell Research & Therapy           (2023) 14:57 

Ta
bl

e 
2 

M
et

ho
ds

 fo
r e

nh
an

ci
ng

 th
e 

ta
rg

et
in

g 
ab

ili
ty

 o
f e

xo
so

m
es

M
od

ifi
ca

tio
n 

st
ra

te
gi

es
M

et
ho

ds
M

ai
n 

co
nt

en
ts

Ye
ar

s
Re

fe
re

nc
es

D
ru

g-
lo

ad
in

g 
st

ra
te

gi
es

En
do

ge
no

us
Co

-in
cu

ba
te

s 
pa

re
nt

al
 c

el
ls

 w
ith

 d
ru

gs
Th

e 
pa

re
nt

 c
el

ls
 w

er
e 

co
 in

cu
ba

te
d 

w
ith

 th
e 

dr
ug

 to
 m

ak
e 

th
e 

dr
ug

 e
nt

er
 th

e 
cy

to
pl

as
m

. T
he

 d
ru

gs
 in

 th
e 

cy
to

pl
as

m
 

ar
e 

so
rt

ed
 in

to
 th

e 
ex

os
om

es
 th

ro
ug

h 
ac

tiv
e 

or
 p

as
si

ve
 

m
et

ho
ds

, a
nd

 th
en

 th
e 

ex
os

om
es

 lo
ad

ed
 w

ith
 d

ru
gs

 c
an

 
be

 o
bt

ai
ne

d 
th

ro
ug

h 
ap

pr
op

ria
te

 e
xt

ra
ct

io
n 

m
et

ho
ds

20
14

[7
2]

Tr
an

sf
ec

ts
 d

ru
g 

en
co

di
ng

 D
N

A
 o

r R
N

A
 

to
 p

ar
en

ta
l c

el
ls

Th
e 

m
et

ho
d 

of
 a

rt
ifi

ci
al

ly
 in

tr
od

uc
in

g 
nu

cl
ei

c 
ac

id
 (D

N
A

 o
r 

RN
A

) i
nt

o 
ce

lls
 to

 c
ha

ng
e 

th
e 

ch
ar

ac
te

ris
tic

s 
of

 c
el

ls
20

19
[7

3]

Ex
og

en
ou

s
So

ni
ca

tio
n

So
ni

ca
tio

n 
is

 th
e 

so
ni

ca
tio

n 
of

 e
xo

so
m

es
 u

si
ng

 a
 p

ro
be

 
so

ni
ca

to
r, 

w
hi

ch
 d

ef
or

m
s 

th
e 

ex
os

om
e 

m
em

br
an

e,
 c

re
at

-
in

g 
tr

an
si

en
t s

m
al

l p
or

es
 th

at
 in

cr
ea

se
 th

e 
pe

rm
ea

bi
lit

y 
of

 th
e 

m
em

br
an

e,
 th

er
eb

y 
al

lo
w

in
g 

sm
al

l m
ol

ec
ul

ar
 

su
bs

ta
nc

es
 to

 d
iff

us
e 

in
to

 th
e 

ex
os

om
es

20
15

[7
4]

El
ec

tr
op

or
at

io
n

El
ec

tr
op

or
at

io
n 

is
 a

 m
et

ho
d 

to
 c

re
at

e 
te

m
po

ra
ry

 h
yd

ro
-

ph
ili

c 
po

re
 c

ha
nn

el
s 

on
 th

e 
ex

os
om

e 
m

em
br

an
e 

an
d 

in
cr

ea
se

 th
e 

pe
rm

ea
bi

lit
y 

of
 th

e 
ex

os
om

e 
m

em
br

an
e 

so
 

th
at

 s
m

al
l m

ol
ec

ul
ar

 s
ub

st
an

ce
s 

ca
n 

cr
os

s 
th

e 
po

re
 c

ha
n-

ne
ls

 to
 e

nt
er

 th
e 

in
te

rio
r o

f t
he

 e
xo

so
m

e

20
12

[7
5]

En
gi

ne
er

ed
 e

xo
so

m
e 

bi
om

em
br

an
e

C
he

m
ic

al
 li

ga
tio

n 
of

 ta
rg

et
in

g 
pe

pt
id

es
Th

e 
ch

em
ic

al
 li

nk
ag

e 
of

 ta
rg

et
in

g 
pe

pt
id

es
 is

 to
 fu

se
 re

l-
ev

an
t t

ar
ge

tin
g 

pe
pt

id
es

 w
ith

 e
xo

so
m

al
 h

ig
hl

y 
ex

pr
es

se
d 

pr
ot

ei
ns

 to
 c

on
st

ru
ct

 e
xo

so
m

es
 th

at
 s

pe
ci

fic
al

ly
 ta

rg
et

 
va

rio
us

 ty
pe

s 
of

 ti
ss

ue
s 

or
 c

el
ls

20
16

[7
8]

G
en

et
ic

 e
ng

in
ee

rin
g 

to
 m

od
ify

 th
e 

ex
os

om
e 

m
em

br
an

e
G

en
e 

en
gi

ne
er

in
g 

fu
se

s 
th

e 
ge

ne
 s

eq
ue

nc
e 

of
 th

e 
gu

id
in

g 
pr

ot
ei

n 
or

 p
ol

yp
ep

tid
e 

w
ith

 th
e 

ge
ne

 s
eq

ue
nc

e 
of

 th
e 

se
le

ct
ed

 e
xo

so
m

e 
m

em
br

an
e 

pr
ot

ei
n,

 w
hi

ch
 c

an
 e

ffe
c-

tiv
el

y 
di

sp
la

y 
th

e 
sp

ec
ifi

c 
gu

id
in

g 
pe

pt
id

e 
an

d 
pr

ot
ei

n 
on

 
th

e 
ex

os
om

e 
su

rf
ac

e

20
18

[7
9]

M
ag

ne
tic

 n
an

op
ar

tic
le

 te
ch

no
lo

gy
M

ag
ne

tic
 n

an
op

ar
tic

le
 te

ch
no

lo
gy

 u
se

s 
m

ag
ne

tic
 

na
no

pa
rt

ic
le

s 
w

ith
 d

ua
l t

ar
ge

tin
g 

fu
nc

tio
n 

to
 c

ap
tu

re
 a

nd
 

re
le

as
e 

en
do

ge
no

us
 e

xo
so

m
es

 to
 ta

rg
et

 o
rg

an
s

20
19

[8
0]



Page 11 of 13Han et al. Stem Cell Research & Therapy           (2023) 14:57  

development of exosomes is still promising. Exploring 
more methods that can optimize the composition and 
function of exosomes is a novel and promising direction 
and has profound implications for the translational medi-
cine of exosomes in the future.

Conclusion
Exosomes have attracted much attention in recent years 
as nanoscale biomarkers mediate cellular communi-
cation. In order to make better use of multiple advan-
tageous effects, research on improving the yield and 
targeting ability of exosomes has taken a blowout. This 
review summarizes the current optimization strategies 
for exosomes in clinical applications and compares their 
advantages and disadvantages. In addition, we also pro-
pose possible problems and the research prospects in the 
application of exosomes. Although there are still many 
challenges in the application of exosomes in disease 
treatment, however, with the advancement of medical 
technology, it is just around the corner to further explore 
the potential of exosomes in translational medicine and 
provide new ways to create effective clinical diagnoses 
and treatment strategies.
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