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EXOSOMES:
THE RISING 
STAR IN DRUG 
DELIVERY AND 
DIAGNOSTICS  



For a long time, synthetic drug nanocarriers  
such as lipid nanoparticles (LNPs) have held a  
recognized position in mainstream drug delivery 
systems. However, despite the advantages of  
drug delivery via LNPs, their clinical application 
has seen substantial difficulties, including low 
bioavailability, toxicity, clearance from the 
bloodstream, off-target accumulation, and 
triggering of innate immune responses.1  

Considering these limitations, researchers are 
increasingly turning their attention towards 
exosomes, which are a type of membrane-
contained nanosized extracellular vesicle (EV) 
released from cells as part of their normal 
physiology or under certain pathologies.2,3 
Exosomes are produced in the endosomal 
compartment of most eukaryotic cells and are 
subsequently released into the extracellular space 
by fusion with the plasma membrane. Upon 
release from the parent cell, exosomes have been 
shown to provide a means of efficient intercellular 
communication and signaling.4,5 Crucially, exosomes 
are also able to transport bioactive molecules such 
as proteins, lipids, and nucleic acids between cells 
and across biological barriers.4,5

As a natural carrier system, exosomes have the 
potential to overcome several of the limitations 
associated with other drug delivery systems: they 
can be readily metabolized, elicit minimal immune 
responses, exhibit minimal tumorigenicity,6 and can 
cross the blood-brain barrier (BBB).7 Due to these 
properties, exosomes have emerged as a contender 
to lipid nanoparticles (LNPs) as prospective drug 
carriers. In addition to their promise in drug 
delivery, exosomes are an attractive tool in clinical 
diagnostics and biomarker discovery. Additionally, 
prospective applications of exosomes in cosmetics 
and food are being explored.

In this Insight Report, we analyze the CAS Content 
Collection™ to provide a unique landscape of 
exosome-related research, including current 
knowledge in the field of clinical applications of 
these natural carrier systems. We also highlight 
the current knowledge gaps and the remaining 
challenges to overcome for us to fully harness the 
potential of this nanotechnology.

Introduction
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Exosome characterization and function

To ensure the successful development of exosome-
based clinical products, it’s important to first understand 
exosome biology, including their formation, structure, 
and eventual release from parent cells. Exosomes are a 
population of EVs secreted by most cell types through the 
endocytic pathway. They are produced in the endosomal 
compartment of most eukaryotic cells, including dendritic 
cells, macrophages, various kinds of stem cells, and even 
cancer cells.8 Once produced, exosomes are subsequently 
released into the extracellular space by fusion with the 
plasma membrane (Figure 1).

With a diameter of between ~30–150 nm, exosomes are 
the smallest of the EVs released from cells, dwarfed by 
microvesicles or ectosomes (100 nm–1 µm) and apoptotic 

bodies (50 nm–5 µm).2,3 Exosomes are surrounded 
by a lipid membrane, which encapsulates their cargo 
(e.g., peptides, small proteins, and nucleic acids) in an 
inner aqueous medium. Though similar in structure to 
liposomes, exosomes are more complex, containing 
a large variety of integral and peripheral membrane 
proteins.9 In fact, nearly 100,000 proteins and over 1,000 
lipids have been discovered to be linked with exosomes, 
along with a multitude of messenger RNAs (mRNAs) and 
microRNAs (miRNAs).10–13 Among these are heat shock 
proteins, membrane transport and fusion proteins, as well 
as a multitude of tetraspanins, a transmembrane protein 
family.14,15 Exosomes are also enriched with lipids including 
cholesterol, sphingomyelin, saturated phosphatidylcholine, 
and phosphatidylethanolamine (Figure 1; inset).16

Figure 1. Schematic representation of exosome biogenesis and secretion. The inset shows the molecular constituents of the exosomes

The complex array of proteins and lipids present in 
exosomes are essential for them to exert their activity 
upon release from the parent cell. Once released, 
exosomes must undergo significant changes in their 
environment, moving from the cytoplasm and cell surface 
to the extracellular fluids. Exosomes are present in a 
variety of biological fluids such as blood, urine, saliva, 
breast milk, amniotic, synovial, cerebrospinal fluids, and 
even tears. To preserve and protect their cargo, exosomes 
must adjust to these varying conditions so they can 
deliver functional cargo to the designated location.17

The extracellular circulation half-life of exosomes is 
estimated to be approximately 2–30 min according 
to reported pharmacokinetic profiles.18 Although 
researchers are gaining an understanding of exosome 
biogenesis and how they are secreted, there is still a 
limited understanding of how exosomes elicit a response 
in their target cells. Generally, exosomes transmit 
messages to recipient cells through several mechanisms, 
including surface receptor interaction and membrane 
fusion, as well as receptor-mediated endocytosis, 
phagocytosis, and/or micropinocytosis.3 

Understanding the exosome pathway



Exosomes in health and disease

The functions of exosomes are still largely unknown. 
However, their important roles in physiological and 
pathophysiological processes are gradually being 
uncovered. Exosomes are key players in cell-to-cell 
communication, signal transduction, extracellular 
matrix support and remodeling, and various other 
important physiological activities. As such, the exosome 

pathway of intercellular traffic plays a significant role in 
essential cellular processes, including immunity, tissue 
homeostasis, and regeneration. Conversely, this same 
pathway is also involved in the pathogenesis of the 
diseases such as cancer, as well as neurodegenerative 
and cardiovascular disorders. Table 1 summarizes the 
roles of exosomes in both health and disease.

Table 1. The roles of exosome in health and disease

Exosome role Details and references

Cell-to-cell 
communication   

Exosomes can participate in autocrine, paracrine, or endocrine communication, reaching their target cells 
via systemic or local circulation. They play a vital role in cell migration, proliferation, and senescence.19,20

Immune response 
The cells of the immune system (e.g., dendritic cells and macrophages) are known to release 
exosomes.21 Exosomes act to mediate immune modulation, including both immunosuppression and 
immunostimulation.22

Signal transduction
Exosomes mediate intercellular communication among several types of cells, regulating gene expressions 
and cellular signaling pathways of recipient cells by delivering their components, such as specific lipids, 
proteins, and RNAs.23–25 

Material (cargo) 
transport

Exosomes transport their constituents (e.g., proteins, nucleic acids, lipids, and metabolites) between cells. 
This can occur not only in close vicinity of the parent cell, but also at distant sites in the body via biofluids. 
This material transport can trigger a variety of responses in the recipient cell, such as modifying gene 
expression and cellular function.26,27

Pathogenesis 

Viruses are known to make use of exosome biogenesis pathways to release a variety of pathogenic 
factors.28 Exosomes also play multiple roles in the progression of cancer via autocrine, paracrine, and 
endocrine communications. They can manipulate both the local tumor environment and the systemic 
environment to support tumor cell growth, dissemination, and metastasis.29 Exosomes are more 
frequently released by tumor cells than by healthy ones, facilitating communication within the tumor 
microenvironment.30

Blood-to-brain 
communication

Studies have shown that exosomes are able to cross the BBB in both directions – from the brain to the 
bloodstream and from the blood to the central nervous system (CNS). Moreover, exosomes can interact 
with the BBB leading to changes in the properties of the barrier.7 

Target cell delivery
The delivery of cargo such as bioactive RNAs, proteins, metabolites, and/or lipids makes the capture of 
exosomes by target cells of vital importance in a variety of key biological processes such as angiogenesis,31 
bone development,32 and cell migration.33
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Table 2.  Major methods of exosome isolation/purification 

Method Principle Advantages Disadvantages

Ultrafiltration   
Utilizing filter membrane with 
defined size-exclusion limit or 
molecular weight cut-off

– Low cost
– Time efficient
– Simple

– Potential damage ofexosomes
– Membrane clogging and 

blockage

Ultracentrifugation Density and size-based 
sequential separations

– Suitable for large-volume samples
– No other markers introduced
– Low cost

– High equipment cost
– Labor-intensive
– Potential damage of exosomes
– Low yield

Immunoaffinity
Exosome capture based on 
antigen–antibody specific 
recognition and binding 

– High specificity
– Simple
– Scalability

– Potential damage of exosome 
integrity

– Expensive reagents
– Nonspecific binding

Polymer  
precipitation

Hydrophilic water-excluding 
polymer adhering and
precipitating exosomes

– Broad applicability
– Simple and rapid
– No exosome deformation 

– Lack of specificity and selectivity
– Low purity
– Contamination with polymers 

Size-exclusion  
chromatography

Exosome separation based on 
hydrodynamic radii

– Preserve biological activity
– No preprocessing

– Potential contamination
– High equipment cost

Microfluidics Immunoaffinity, size, density 

– High efficiency
– Fast sample processing
– High portability
– Easy automation and integration

– Large amounts of starting 
materials

– Low sample capacity

Methods for exosome isolation and purification
To effectively utilize exosomes in research and clinical 
practice, it is crucial that these nano-sized particles 
are precisely distinguished and isolated from the wide 
spectrum of cellular debris and interfering components 
found in biological samples. Though there is no single 

standardized approach to exosome separation and 
analysis, several methods are available, with each 
approach providing a unique set of strengths and 
limitations (summarized in Table 2).34– 38

Ultracentrifugation was once considered the gold 
standard approach due to its affordability and ease of 
use. Yet in recent years, precipitation and microfluidic 
methods have gained popularity due to their ability to 
purify exosomes without causing potential damage. There 
is no single approach that can solve all the associated 
challenges, such as batch-to-batch variation, limited yield, 

and/or low purity. A combination of several of  
these methods has been suggested as a promising 
strategy for improvement of the isolation outcome, to 
provide exosome subsets with high purity, in particular 
with respect to size, morphology, concentration, presence 
of exosome-enriched markers, and the  
lack of contaminants.34



Due to their natural properties and diverse roles in health 
and disease, exosomes have been subject to a burst of 
research interest. To identify the research trends emerging 
in exosomes, we analyzed the CAS Content Collection to 
build a picture of the exosome research landscape over the 
past two decades. 

The CAS Content Collection39 is the largest human-curated 
collection of published scientific knowledge, empowering 
quantitative analysis of global scientific publications against 
variables such as time, research area, application, disease 
association, and chemical composition. Currently, there 
are over 40,000 scientific publications (journal articles 
and patents) in the CAS Content Collection related to 
exosomes/extracellular vesicles. Our analyses revealed a 
steady, exponential growth of these documents over time 
(Figure 2A). The number of documents (journal articles 
and patents) originating from organizations in the USA has 

been correlated with funding from the National Institutes 
of Health (NIH), which is the primary agency of the United 
States government responsible for biomedical and public 
health research,40 increasing sharply after 2015 (Figure 2B).

To better reveal the rising trends in this research area, we 
analyzed the presence and trends of certain key concepts 
in scientific publications relevant to exosome applications 
in drug delivery and diagnostics (Figure 3). With respect 
to the cumulative number of documents, “targeting” and 
“biomarker” appear as top concepts in the area (Figure 3A), 
reflecting the rising interest in the application of exosomes 
in therapeutics with specificity and diagnostics. 

In the following sections, we will explore some of the key 
applications for exosomes, including the latest research 
findings in each area. 

Figure 2. Journal and patent publication trends of exosome research in drug delivery and diagnostics and the association with 
research funding. (A) Trends in the number of publications related to exosomes in drug delivery and diagnostics, including journal 
articles and patents. (B) Number of documents originating from organizations in the USA as correlated with the annual NIH funding
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Figure 3. Key concepts in the scientific publications relevant to the exosome applications in drug delivery and diagnostics. (A) Number 
of publications exploring key concepts related to exosome applications in therapy and diagnostics. (B) Trends in key concepts 
presented in the articles related to exosome applications in therapy and diagnostics during the years 2017−2021. Percentages are 
calculated with yearly publication numbers for each key concept, normalized by the total number of publications for the same concept 
in the same period

The unique properties of exosomes make them highly 
effective drug carriers. Their lipid composition is rich 
in non-lamellar forming lipids, which may give rise to 
favorable curvatures in their lipid bilayer, and that has 
been proven beneficial in drug delivery. Furthermore, 
the exosome lipid bilayer is highly asymmetrical, which 
could be particularly advantageous for their interaction 
with the plasma membrane and especially with their 
target cells.9 Finally, the large variety of integral and 
peripheral membrane proteins found in exosomes 
enables efficient delivery of therapeutic cargo via 
cell-to-cell communications.41 These proteins can be 
modified through their parent cells to express targeting 
moiety on their surface, making exosomes highly 
amenable to modification for targeted delivery. Another 
feature that makes exosomes desirable as drug delivery 
vehicles is the ability to deliver diverse cargo. Exosomes 

can be supplemented with a range of therapeutic cargos  
(e.g., small molecule drugs, nucleic acids, proteins, 
peptides, and various nanomaterials) to elicit a desired 
biological activity. 

Indeed, researchers are beginning to recognize the 
advantages that exosomes hold over other drug carrier 
systems. In the last 3–4 years, exosomes have become 
preferable over lipid nanoparticles as prospective drug 
carriers and the number of documents, both patents 
and journal articles, related to exosomes applied in 
drug delivery has significantly surpassed that of lipid 
nanoparticles, as revealed by a search in the CAS 
Content Collection (Figure 4).39 

Exosomes as drug delivery vehicles
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Figure 4. Publication trends of exosomes and lipid nanoparticles applied to drug delivery. (A) Comparison of the trends in the number 
of publications related to exosomes and lipid nanoparticles. (B) Corresponding percentages of publications related to exosomes (EX) 
and lipid nanoparticles (LNP) in journal articles (JRN) and patents (PAT) are compared

Cargo loading

A key factor to consider is how to load cargo into 
exosomes in the first place. Efficient encapsulation 
strategies are essential for the favorable delivery of 
therapeutic cargo. Multiple approaches utilizing physical, 
chemical, and biological techniques have been developed 
for achieving this to achieve diverse therapeutic effects 
and optimum efficiency. 

Cargo loading techniques are broadly divided into those 
that incorporate cargo into exosomes either before, 
or after, exosome isolation.3,41–43 A key example of the 
latter is cell transfection, which is the most widely used 
approach for loading nucleic acids, proteins, and peptides 
into exosomes.44,45 However, this method can lead to 
cytotoxicity of recipient cells. Post-isolation 

 
loading methods incorporate the drug after the exosome 
collection and isolation. Examples of these techniques 
include direct co-incubation, sonication, electroporation, 
freeze-thaw cycles, and extrusion.43,46

Using data from the CAS Content Collection, we 
evaluated the distribution of documents in the CAS 
Content Collection related to exosome applications in 
therapy and diagnostics with respect to the applied 
exosome loading methods (Figure 5). While all methods 
are appropriate for different cargo loadings, the analysis 
revealed that physical methods — electroporation, 
freeze-thaw, sonication, and extrusion — are more 
popular than chemical and biological methods such as 
transfection and incubation.
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Figure 5. Percentages of documents related to exosome applications in therapy and diagnostics concerning various exosome 
loading methods

Properties of different cell-derived exosomes

From macrophages to mast cells, T lymphocytes 
to tumor cells, exosomes are secreted by a wide 
variety of cell types. Exosomes secreted by different 
tissues and cells exhibit unique properties. For 
example, tumor-derived exosomes have been 
found to impact tumor properties, such as growth, 
angiogenesis, invasion, and metastasis.47,48 In 
contrast, exosomes from mesenchymal stem cells 
(MSCs) have properties that make them ideal 
for use as adjuvants to support and complement 
other therapeutic modalities.49 Understanding the 
properties of different cell-derived exosomes can 
help us to harness their full potential. In addition, 
a deeper understanding of these various cell-
derived exosomes can unveil novel insights into the 
pathogenic mechanisms of various diseases.
 
 
 

 

An analysis of the number of documents in the 
CAS Content Collection shows that tumor cells 
and MSCs are the most frequently used exosome 
sources (Figure 6). We also examined the correlation 
between the exosome donor cells and the diseases 
to which they have been applied to, as represented 
by the number of documents in the CAS Content 
Collection (Figure 7). Our analysis revealed that 
cancer studies clearly dominate, followed by 
inflammation and infection studies. Antigen-
presenting cells and natural killer cells have been  
the most frequently used exosome donor cells in 
cancer studies, while macrophages and stem cells 
are the most frequently used in inflammation, and 
antigen-presenting cells and T-cells are frequently 
used in infection.
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Figure 6. Number of documents related to exosome applications in therapy and diagnostics, in which various types of cells have been 
used as exosome donors. Abbreviations: MSCs = Mesenchymal Stromal Cells; IPSCs = Induced Pluripotent Stem Cells

Figure 7. Correlation between exosome donor cells and the diseases to which the exosomes have been applied to in the studies 
related to exosome in therapy and diagnostics, as represented by the number of documents in the CAS Content Collection
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Exosome modification for targeted delivery

The inherent properties of different cell-derived 
exosomes mean they are naturally able to exhibit 
selectivity, with preferential uptake of exosomes 
derived from specific cells by the corresponding type 
of tissue.50,51 This phenomenon can be exploited to 
develop new specific vectors for advanced therapies. 
Moreover, exosomes can also be further modified to 
enhance their targeted deliverability. To facilitate the 
delivery of desired cargos into specific tissues or cells, 
methodologies that augment the natural targeting 
capacity of exosomes have been developed. 

One approach developed for this purpose is ligand-
receptor binding-based targeted delivery. In this 
technique, ligands are added onto the exosomal 
surface either via transfection-based ectopic 
expression or direct chemical assembling. This enables 
exosomes to better recognize their specific receptors 
on target cells. This approach has been successfully 
applied to exosomes carrying the chemotherapeutic 
doxorubicin, significantly inhibiting tumor growth.52 
Another method developed to augment natural 
targeting capacity is pH gradient/surface-charge 
driven targeted delivery. Different organs, tissues, and 
cellular compartments have different pH values. For 
instance, acidic metabolic waste products accumulate 
in the tumor microenvironment because of high 
metabolic activity and insufficient perfusion. Based 
on this principle, exosomes can be engineered with 
a pH targeting strategy to enhance specificity and 
delivery efficiency.

Exosomes as therapeutics 

Exosomes are garnering attention as a drug 
delivery system due to their unique structure and 
composition, allowing them to be used as efficient, 
natural nanocarriers. Yet, another rapidly expanding 
and noteworthy application of exosomes is their 
use as therapeutic agents. Exosome systems have 
been applied as therapeutic or diagnostic tools to 
a wide range of disorders. These systems may offer 
advantages over stem cell-based transplantation 
due to their low tumorigenic potential and low 
immunogenicity.6,53 

Our analysis of the CAS Content Collection shows that 
while most publications are associated with cancer, 
neurodegenerative, inflammatory, and cardiovascular 
diseases are also represented (Figure 8). Some of the 
key findings in these areas are summarized below.

 
Cancer: One of the most widely researched treatment 
applications for exosomes has been in cancer, where 
exosomes may act as biological reprogramming 
agents for tumor cells.54 It has been reported that 
exosomes can control tumor growth due to certain 
proteins and RNAs that are transferred to the 
malignant cells. Exosomal miRNAs have been shown 
to inhibit cancer cell proliferation, migration, and 
invasion. This approach has been explored in various 
malignant cell subtypes, including those for bladder,55 
colorectal,56,57  and breast cancer.58

Neurodegenerative disease: Due to their ability to 
cross the BBB, exosomes have enormous therapeutic 
potential in neurological disorders. For instance, 
analysis of exosomal miRNAs derived from MSCs 
has been shown to improve various brain disorder 
pathologies, including Alzheimer's disease (miR-21, 
miR-29b and miR-146a), subarachnoid hemorrhage 
(miR-21 and miR-193b) and traumatic brain injury 
(miR-216a).59 A study in a mouse model of Parkinson’s 
disease showed that treating cells with exosomes 
enriched with miR-188-3p suppressed autophagy, 
which is believed to be involved in the pathogenesis 
of the condition.60

Cardiovascular disease: Exosomes have been 
reported to play a role in the treatment of 
cardiovascular diseases. Recent studies have 
demonstrated that exosomes secreted by stem cells 
stimulate angiogenesis, provide cytoprotection, 
and modulate apoptosis.6,61 In a separate study, 
exosomes secreted by cardiac-derived progenitor 
cells (CDCs) were packed with miRNAs known to 
promote cardioprotective effects. In an animal model 
of ischemia-perfusion injury, exosomes transmitted 
to macrophages after reperfusion were associated 
with a reduction of the infarct size.62 Another in 
vivo study showed that exosomes from CDCs 
significantly protected against ischemic injury and 
improved cardiac function after myocardial infarction 
(MI) compared with the control (mice treated with 
exosomes from mouse embryonic fibroblasts).63

Indeed, exosomes offer exciting potential in the 
diagnosis and treatment of various diseases. Still, a 
better understanding of their biological functions, as 
well as verification of the sensitivity and specificity of 
each biomarker under well-defined conditions, are 
needed to fully achieve their potential.
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Figure 8. Distribution of the publications in the CAS Content Collection related to exosome applications in therapy and diagnostics 
with respect to the target diseases

Exosomes versus lipid nanoparticles — how do they 
compare?

Exosomes have several properties that make them ideal 
tools for diagnosis and drug delivery. Firstly, their small 
size, flexibility, and the presence of adhesive proteins on 
their surface enables them to cross the BBB. Furthermore, 
their endogenous origin and the presence of a cellular 
lipidic bilayer minimize immunogenicity and toxicity, 
supporting their stabilization in blood circulation. 
Additionally, the application of exosomes both as 
diagnostic and therapeutic tools is deeply correlated to 
their long in vivo blood circulation and biodistribution.

However, many of these strengths can also be limitations. 
For example, the endogenous origins of exosomes 
mean that, in contrast to liposomes, their yield is highly 
dependent on the parent cells that produce them. The 
yield of exosomes is also severely limited by the difficulty 
and cost of large-scale cell culture, as well as the time-
consuming and low-efficient methods of exosome 
isolation and purification. Together these create barriers 
to full industrial production of exosomes.64

 
 

While exosomes can carry several types of cargo, their 
loading capacity and efficiency is limited due to the 
natural proteins and nucleic acids present within them. 
In contrast, LNPs have a simpler structure that allows for 
great cargo loading.65

Finally, another limitation of exosomes compared to LNPs 
is the increased difficulty in quality control. Exosomes, 
even those generated from a single type of cells, are 
highly heterogenic. Due to the lack of sensitive high-
throughput analyses for low copy number nucleic acids 
and proteins in single-exosome dimension, we are unable 
to separate the heterogeneous exosome population into 
a homogeneous one.2 It’s also important to note that an 
important function of exosomes is to remove harmful or 
unwanted substances from the parent cells. Thus, there 
is the potential for exosomes to pass these undesired 
macromolecules into the recipient cell.66 Approaches 
to precisely modify the contents of exosomes are still in 
short supply.
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To be feasible in clinical use, a peripheral biomarker should 
be easy to assess, cost effective, specific for the targeted 
disease, highly sensitive, and easily and reliably measured. 
Exosomes show superiority to conventional serum-based 
biomarkers, especially in their higher diagnostic sensitivity 
and accuracy, making them an attractive tool in clinical 
diagnostics and biomarker discovery.

The properties that make exosomes a promising vehicle 
for drug delivery also make them attractive biomarkers. 
Firstly, nucleic acids, proteins, lipids, and other bioactive 
substances present within exosomes have been shown 
to be altered during disease progression. Therefore, 
exosomes can provide an insight into the pathological 
status of the cells.67,68 Exosomes can also be isolated from 
urine, blood, saliva, and even tears, providing a rapid yet 
non-invasive diagnostic approach.69,70 Exosomes are also 
innately stable, able to circulate even within a harsh tumor 
microenvironment.69,71

The potential of exosomes in diagnostics has already been 
widely recognized, and exosomes are drawing intense 
attention for their promise as diagnostic biomarkers in 
cancer, neurodegenerative, infectious, and metabolic  

diseases.72–78 In particular, exosomal proteins and nucleic  
acids have drawn researchers’ attention in recent years. 
Numerous exosomal protein biomarkers have shown 
promise in the diagnosis of cancer,79 central nervous 
system diseases,80 urinary tract diseases,81 and beyond. 
To date, several candidate protein biomarkers have 
been reported for diagnostic applications. Exploration 
of exosomal RNAs as diagnostic biomarkers has been 
triggered by the finding that exosomes contain RNAs. 
Among all exosomal cargo substances, miRNA has drawn 
researchers’ attention in recent years due to its complex 
roles in regulating the cancer microenvironment, involving 
angiogenesis, cell proliferation, and metastasis. Its roles 
in regulating cellular behaviors in situ or in the remote 
recipient cells are under intensive investigation.82–84

A search of the CAS Content Collection found extensive 
growth of the number of documents related to exosome 
applications in diagnostics (Figure 9A). A comparison with 
the therapy-related exosome documents demonstrates 
that although at present they outnumber the diagnostic-
related documents (Figure 9A, B), the annual growth 
of the diagnostic exosome documents has begun to 
dominate (Figure 9A, inset).

Figure 9. Diagnostic vs therapeutic application of exosomes. (A) Comparison of the number of documents related to exosome 
applications in therapy vs diagnostics; Inset: Annual growth of the number of documents related to exosome applications in therapy 
vs diagnostics. (B) Comparison of the number of documents related to exosome applications in therapy vs diagnostics with respect to 
their role indicators (THU, therapeutic; DGN, diagnostic)
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Exosomes as therapeutic targets

Exosomes are involved in the pathogenesis of 
diseases such as cancer, neurodegeneration, and 
cardiovascular disease, among others. Therefore, a 
successful therapeutic strategy may involve reducing 
exosome production and circulation to normal levels 
to prevent disease progression.85–88 Several ongoing 
studies are exploring the impacts of modulating 
the exosome pathway at various steps, including its 
production, release, and uptake.89 Several approaches 
are being explored to achieve this, including:

– Inhibiting exosome formation by targeting 
pathways involved in endosomal sorting and 
exosome production. 

– Inhibiting exosome release is another approach 
being investigated to modulate extracellular 
exosome levels.

– Exosome uptake inhibition is another way to 
modulate exosome activity. By blocking the uptake 
of exosomes by target cells, researchers hope to 
modulate exosome-mediated disease progression.

– Physical elimination of exosomes has also been 
explored in cancer cells.90 This elimination may 
help to hamper the communication between 
tumor cells that contributes to tumor progression.

While early studies exploring these strategies are 
promising, a clear understanding of the disease-
specific mechanisms of exosome pathways is 
required to identify specific therapies mediated by 
targeting exosomes.91

In addition to their application in drug delivery, 
diagnostics and therapeutics, a search of the CAS 
Content Collection has revealed a sharp increase in 
the number of documents related to the application 
of exosomes in cosmetics and food (Figure 10). 

Stem cell derived exosomes have a key place in skin 
cosmetology such as wound healing, skin aging, 
and scar formation. Several studies have explored 
the potential of stem cell-derived exosomes 
for alleviating skin aging.92–93 In terms of food, 
exosomes have demonstrated enormous potential 
as carriers of food-related bioactive compounds 

such as polyphenols, vitamins, and polyunsaturated 
fatty acids, helping to improve their bioavailability. 
Furthermore, emerging evidence suggests that 
plant cells may release EVs such as exosomes. 
Exosomes from ginger and aloe are being tested 
for the treatment of polycystic ovary syndrome 
(NCT03493984),94 while grape exosomes are being 
evaluated as an anti-inflammatory agent to reduce 
the incidence of oral mucositis during radiation and 
chemotherapy treatment for head and neck  
tumors (NCT01668849).95

Other applications of exosomes
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Figure 10. Annual trend of the number of documents in the CAS Content Collection related to the exosome applications in cosmetics 
(A) and food (B)

Progressing exosome research from conception to commercialization

Several companies, medical centers, universities, and 
research organizations are looking to utilize exosomes 
for therapy and diagnostics to target diseases with high 
unmet needs. Both pre-clinical and clinical companies 
are progressing exosome therapeutics through their 
pipelines. A thorough review of exosome therapeutic 
companies reveals that the most highly represented 
targeted diseases are cancer, neurological and 
neurodegenerative diseases, lung diseases, and wound 
healing (Figure 11).

A growing number of companies are researching 
exosomes in the hopes of advancing their therapeutic 
discoveries to the clinic. While historically MSC-derived 
exosomes were researched for therapy, companies 
are starting to shift their focus towards organ-specific 
exosomes (e.g., cardiac-derived exosomes or neural-
derived exosomes) for more targeted specificity in 
treating diseases. Table 3 displays the selected preclinical 
companies focusing their research efforts on the highly 
represented targeted diseases.
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Figure 11. Promising exosome therapeutic companies and targeted diseases
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Table 3. Highlighted preclinical therapeutic and cosmetic exosome companies along with their summaries

Company (Location) Summary

Anjarium Biosciences 
(Switzerland) 

Anjarium is researching and developing precision exosome therapeutics. Their Hybridosome platform 
utilized nanotechnology and biochemistry to increase the efficiency of exosome loading with 
therapeutic cargo.96 Anjarium is looking to use its exosome-based therapy platform to treat cancers 
and rare genetic diseases. 

Carmine Therapeutics 
(USA)

Carmine Therapeutics utilizes red blood cell exosomes.97 Their Red Cell EV Gene Therapy (REGENT) 
platform will be used to generate a pipeline of therapies for the treatment of a wide range of 
diseases.98

Ilias Biologics 
(South Korea)

Ilias developed the platform EXPLOR that allows the loading of proteins into exosomes in a more 
controlled manner than conventional passive loading.99 Ilias’s lead compound, ILB-202, consists of an 
exosome loaded with anti-inflammatory protein super-repressor IkB, targeting both acute and chronic 
inflammatory diseases. This lowers the risk of off-target effects by targeting core inflammation signals.100

Aruna Bio  
(USA)

Aruna Bio is transforming treatment for neurological and neurodegenerative diseases. They utilize 
neural exosomes derived from neural stem cells that have CNS specificity and the ability to cross the 
BBB. Their candidate AB126 shows high uptake in the cerebellum and basal ganglia showing treatment 
potential for diseases such as stroke and neurodegenerative diseases.101 Their pipeline shows that AB126 
can be loaded with different cargoes including siRNA, ASO, progranulin, and tripeptidyl-peptidase 1.102

Capricor  
(USA)

Capricor is developing multiple exosome platforms including cardiosphere-derived cell-exosomes 
(CDC-exosomes), engineered exosomes, and an exosome-based vaccine. They are currently 
researching the use of CDC-exosomes for the treatment of Duchenne Muscular Dystrophy and have 
engineered Exosomes for RNA and protein delivery in trauma-related injuries and conditions in 
collaboration with the U.S. Army Institute of Surgical Research. They are also in preclinical trials for an 
exosome-based multivalent vaccine for COVID-19 and other infectious diseases.103

Evox  
(United Kingdom)

Evox is an exosomal therapeutic company using its DeliverEX platform to deliver proteins and nucleic 
acids to treat a variety of rare diseases. Their internal program is researching rare metabolic disorders. 
They have partnered with Takeda to treat lysosomal storage disease and other undisclosed rare 
diseases. Evox has recently partnered with Lilly to research neurological treatment.104

Innocan Pharma  
(Israel)

Innocan is a pharmaceutical company researching cannabidiol (CBD) drugs, working to enhance their 
targeting due to their low bioavailability. Innocan is researching, in partnership with Tel Aviv University, 
the development of CBD-loaded exosomes to target inflammatory diseases and diseases of the CNS.105

Xollent  
(USA)

Xollent is advancing a diversified pipeline of therapeutics, including exosome therapeutics that treat 
myocardial infarction through an intravenous patch, alopecia through a spray, and skin aging through 
a needless injection.106

Exogenus Therapeutics 
(Portugal)

Exogenus’s lead candidate Exo-101 is produced from umbilical cord blood mononuclear cells. It has 
been shown to have regenerative, anti-inflammatory, and immunomodulatory properties. Exo-101 is 
being investigated for treatment in inflammatory skin diseases such as psoriasis, inflammatory lung 
disorders such as COVID-19 acute respiratory distress syndrome,107 and chronic wound healing.108

Figure 11. Promising exosome therapeutic companies and targeted diseases



Company (Location) Summary

OmniSpirant (Ireland)
OmniSpirant’s platform technology is based on inhalation and is very efficient at delivering cargos to 
treat respiratory diseases. The mucus-penetrating exosomes will be used to develop a regenerative 
gene therapy for cystic fibrosis and other respiratory diseases.109

Kimera Labs (USA)
Kimera specializes in the use of perinatal MSC-derived exosome products for both cosmetics and 
scientific research.110 Their cosmetic products are XoGlo, XOGloPro, and Vive. They also produce a 
veterinarian wound healing agent called Equisome HC.111

Exocel Bio (USA)

Exocel utilizes placental MSC-derived exosomes for both skin care and hair care. Their products 
include the Evovex line called Evovex Restore, Evovex Revive, Evovex Renew, and Evovex Reveal.112 These 
products are used in conjunction with facial and scalp micro needling and energy-based aesthetic 
device treatments to enhance results and improve recovery time.113

Regen Suppliers (USA)
Regen Suppliers developed an exosome product called ReBellaXO, derived from umbilical stem cell 
tissue and Wharton’s Jelly used for regenerative aesthetic procedures involving hair, facial, and sexual 
rejuvenation.114

ExoCoBio 
(Republic of Korea)

ExoCoBio is focusing on stem cell-derived exosomes to develop therapeutic and cosmetic products. 
They have developed ExoSCRT Exosome for the treatment of atopic dermatitis,115 irritable bowel 
syndrome, acute kidney injury, and alopecia.116 An immune-oncology drug based on exosomes derived 
from immune cells is also in their pipeline.

MDimune
(Republic of Korea)

MDimmune developed a platform technology called BioDrone that uses cell-derived vesicles for 
targeted drug delivery.117 Their internal pipeline includes treatment for chronic obstructive pulmonary 
disease and an undisclosed rare disease with therapeutics BDR-231 and BDR-331, respectively. They 
have partnered with Ildong, Kainos Medicine, and NeoCura for the treatment of cancer using various 
mRNAs and small molecules for cargo for therapeutic products BDR-165, BDR-166, and BDR-167. They 
are also partnered with Reyon for a vaccine with therapeutic BDR-761 and treatment of an undisclosed 
rare disease with therapeutic BDR-762 using mRNA as cargo.118

EV Therapeutics
(USA)

EV Therapeutics is developing modified exosomes (mEVs) (miR-424i and MiR-424KO) in combination 
with an immune checkpoint inhibitor for the treatment of metastatic colorectal cancer and other 
gastrointestinal cancers.119 mTEV is a CD-28-CD80/86 co-stimulatory pathway technology platform that 
functions in combination with checkpoint inhibitors to enhance T-cell immunomodulation to prevent 
solid tumor cancer recurrence.120

Evora BioSciences  
(France)

The EVOGEX therapeutic platform was developed by Evora. Their lead product, EVOGEX-Digest, aims 
to treat digestive fistula and improve patient outcomes.121

Florica Therapeutics  
(USA)

Florica Therapeutics aims to use hypothalamus stem-cell-derived exosome therapeutics to increase 
lifespan and deter neurological diseases of aging.122
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Companies, medical centers, and universities are also focusing their research efforts on discovering exosome biomarkers 
and representative tests for the diagnosis of hard-to-treat diseases earlier, to help aid in the treatment success and 
patient survival. Table 4 explores promising preclinical companies, medical centers, and universities researching 
exosome disease diagnosis.

Table 4. Highlighted preclinical companies and universities researching exosomes as biomarkers for diagnosis of various diseases and 
their summaries

Company (Location) Summary

Craif (Japan)

Craif developed a medical device consisting of a zinc oxide nanowire embedded in a microfluidic 
channel that collects urinary miRNA for exosome-based liquid biopsy. They are using machine learning 
technology to analyze miRNA profiles with their original miRNA database to identify biomarkers for 
early cancer detection.123

Mercy Bioanalytics (USA)
Mercy developed the Halo test for early cancer detection with an initial focus on hard-to-treat cancers 
such as ovarian and lung cancers.124 Preliminary results from studies researching Halo detection of both 
early-stage ovarian and lung cancers were positive.125,126

University of Texas MD 
Anderson Cancer Center 
(USA)

Researchers identified a cell surface proteoglycan, glypican-1 (GPC1), specifically enriched on cancer-
cell-derived exosomes. GPC1(+) circulating exosomes may serve as a potential diagnostic and screening 
biomarker for assays to detect initial stages of pancreatic cancer.127 

Harvard Medical School 
(USA) / Wenzhou Medical 
University (China)

Researchers have developed an incorporated tear-exosome analysis via a rapid-isolation system 
(iTEARS) through nanotechnology to discover if exosomes from tears can diagnose ocular disorders 
and systemic diseases. Data shows that iTEARS might be used to improve the molecular diagnostics of 
dry eye disease, along with diabetic retinopathy.17 There is also a possibility that iTEARS could be used 
to detect other neurodegenerative diseases and cancer. 

Frankfurt University 
Hospital (Germany)

Researchers discovered how CD81 is increased in the exosomal serum of patients with chronic  
hepatitis C, and appears to be associated with inflammatory activity and severity of liver fibrosis.128

Aarhus University Hospital 
(Denmark)

Researchers discovered that the biomarkers CD151, CD171, and tetraspanin 8 were the strongest 
separators of patients with non-small cell lung cancer of all histological subtypes vs patients without 
cancer.129

UCSF Medical Center 
(USA)

Researchers discovered that levels of P-S396-tau, P-T181-tau, and Aβ1–42 from neural-derived blood 
exosomes can predict the development of Alzheimer’s disease up to 10 years before clinical onset of 
symptoms.68 

Osako University (Japan)

Researchers discovered that three p53-responsive microRNAs, miR-194, miR-34a, and miR-192 are 
elevated in the exosomes of patients with acute myocardial infarction, suggesting that these miRNAs 
function as circulating regulators of heart failure. They feel that these three miRNAs are worth further 
exploration as biomarkers for ischemic heart failure after acute myocardial infarction.130



The future of exosomes: challenges and growth opportunities

Conclusions

As demonstrated by the data analysis of the CAS 
Content Collection, the interest in exosome research has 
increased dramatically in recent years. With substantial 
research being dedicated to exosome applications — in 
drug delivery, diagnostics, as therapeutic targets, or 
as therapeutics themselves — it is vital to review and 
recapitulate the progress made, along with the  
persisting challenges.

Although our knowledge of exosomes has evolved in 
recent years, our analysis has revealed some appealing 
challenges in exosome knowledge, including:

– The need for robust isolation methods that do not 
compromise the purity of the isolate. Such methods 
will pave the way for exosomal large-scale application 
in medical practice.

– Elucidation of the exact mechanisms involved in 
the biogenesis, secretion, and fusion of exosomes, 

as well as a greater understanding. of how exosomes 
selectively communicate with target cells. This 
knowledge is essential for the development of effective 
targeted therapeutics and for the development of 
engineered exosome-derived therapeutic vehicles.

– Optimization and improvement of exosome loading 
capacity and targeting is another prerequisite for 
large-scale application in clinic.

– Standardization of exosome preparation, including 
source selection, isolation, characterization, drug 
loading, stability, targeting, and quality control, in 
compliance with good manufacturing practice, are 
all important aspects in the clinical application of 
exosomes and need to be advanced.

– Advanced knowledge on the pharmacokinetic profile 
and biodistribution of exosomes is still particularly 
insufficient and is a required step toward their practical 
utility in clinics.

As demonstrated by the data analysis of the CAS Content 
Collection, the interest in exosome research has increased 
dramatically in recent years. A growing number of studies 
provide valuable knowledge regarding this remarkable 
subtype of EVs. Indeed, exosomes exhibit unique 
functions as intercellular messengers, the ability to alter 
recipient cell bioactivities, and therapeutic potential in 
disease diagnostics and targeted drug delivery. This, 
along with advantages over traditional pharmaceutical 
nanocarriers, distinguishes exosomes as a rising star in 
both therapeutics and diagnostics.
 

However, breakthroughs in technologies and instruments 
are still needed to catapult the large-scale production 
of purified and quality-controllable drug-loaded 
exosomes, in compliance with good manufacturing 
practice. Furthermore, the clinical applications of 
exosomes, although highly promising, are hindered by 
gaps in exosome knowledge. Only by addressing these 
challenges can the full potential of exosomes be realized, 
creating a tangible patient benefit.
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