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C e l l  Th e r a p i e s  TRENDS AND TECHNOLOGIES

Extracellular Vesicles
Commercial Potential As Byproducts of  
Cell Manufacturing for Research and Therapeutic Use
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Matthew J.A. Wood, Andrew J. Carr, Kim Bure, Jeffrey M. Karp, and David A. Brindley 

E xtracellular vesicles (EVs) are 
emerging as a potential 
alternative to some stem-cell–
derived therapeutics (1, 2). 

Sometimes called exosomes, they are 
small, secreted vesicles that can 
possess similar therapeutic 
mechanisms to whole cells, possibly 
representing the active pharmaceutical 
ingredient. In the past 15 years, 
academic and industry interest in EVs 
has exponentially increased as 
mounting evidence demonstrates their 
role in physiology and pathology as 
well as their therapeutic potential. 

In light of growing efforts in using 
EVs for research and therapy, 
optimizing EV manufacturing is 
important. However, many challenges 
come with their characterization, 
scalable manufacture, and regulatory 
status. Here, we brief ly review the 
biology and therapeutic application of 
EVs, discuss associated challenges, 
and suggest how the biotechnology 
industry could play an important role 
in overcoming those challenges. Many 
cell manufacturing companies 
currently produce EVs but discard 
them as waste, thereby losing a 
potentially valuable resource with 

multiple purposes in a market that’s 
otherwise rich with an exorbitant cost 
of goods.

DefiniTion anD Uses

There are generally three types of EVs 
(Table 1): exosomes, microvesicles, 
and apoptotic bodies, as classified by 
their pathway of origin (3). However, 
this classification has seen wide 
adoption only recently, and ambiguity 
remains in the literature with overlap 
in characteristics between EV subsets. 

Essentially, these are membrane-
bound samples of the cellular cytosol 
that transport various cargoes — e.g., 
miRNA, mRNA, and proteins — and 
can signal recipient cells to induce a 
range of responses (Figure 1).

Exosomes are formed intracellularly 
from inward budding of endosomal 
compartments. They are secreted 
when the resulting compartment (a 
multivesicular body) fuses with the 
cell membrane. Exosomes have largely 
been considered the most 

Table 1: Origin, size, and content of major extracellular vesicle subclasses (3)

EV Origin Size Contents Enriched Markers*
Exosomes Endolysosomal pathway; 

multivesicular bodies fusing 
with cell membrane

40–120 nm mRNA, miRNA, noncoding RNA, proteins 
(cytoplasmic and membrane)

Tetraspannins, ESCRT 
components, PDCD6IP, 
TSG101, flotillin, and MFGE8

Microvesicles Cell surface; outward budding 50–1,000 nm mRNA, miRNA, noncoding RNA, proteins 
(cytoplasmic and membrane) 

Integrins, selectins, and CD40 
ligand

Apoptotic bodies Cell surface; outward blebbing 
during apoptosis

500–1,200 nm Nuclear fractions, cell organelles Phosphatidylserine

* Because of overlap between classes, no definitive markers are available; instead, markers typically enriched in each.

Figure 1: Extracelluar vesicles are essentially membrane-bound samples of cellular cytosol that 
transport cargoes such as miRNA, mRNA, and proteins. Exosomes form from fusion of multivesicular 
bodies with the plasma membrane, whereas microvesicles bud directly from live cells. Apoptotic 
bodies result from outward blebbing of the cell surface during apoptosis, but are not secreted from 
healthy cells.
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therapeutically interesting EV type. In 
practice, however, they are very 
difficult to separate from microvesicles 
that pinch directly from the cell 
membrane and apoptotic bodies that 
form during apoptosis (4). Given that 
current isolation methods cannot 
consistently separate the three EV 
subsets (and that no distinguishing 
markers have yet been identified for 
each) publications referencing the 
term exosomes often refer to a fraction 
of isolated vesicles within a particular 
density or size range, with unknown 
ratios of different vesicle types. 
Herein, therefore, we use the 
encompassing term extracellular vesicle.

EVs are thought to play a central 
role in the paracrine responses that 
therapeutic cells elicit in diseased or 
damaged tissue. This may explain the 
mechanism of action for positive 
therapeutic outcomes that cannot be 
explained by a persistence of 
transplanted cells. For example, EVs 

derived from mesenchymal stem cells 
(MSCs) have been able to reproduce 
similar therapeutic effects to MSCs in 
animal models for inflammatory 
diseases, autoimmune diseases, cancer, 
and acute tissue injuries (5, 6). EV 
therapy involves potential advantages 
and disadvantages (Table 2). EVs also 
could be used as vehicles for 
therapeutic delivery, for example 
across the blood–brain barrier (7).

Researchers are interested in EVs 
as mediators of paracrine signaling in 
both diseased and healthy tissues, 
particularly as transporters of RNA 
(miRNA and mRNA). EVs are 
thought to partake in normal 
physiology, including tissue repair, 
immune surveillance, suppression of 
inflammation, and neurotransmission 
(3). EVs are also known to play an 
important role in disease pathogenesis 
and facilitate tumor progression by 
inducing proliferation, angiogenesis, 
and immune suppression (3). 

eVs as ByproDUCTs of  
Cell ManUfaCTUring

Given their potential as research tools 
and therapeutics, it is perhaps 
remarkable that many companies 
already produce usable EVs during cell 
production but discard them as waste 
(Figure 2). EVs are constantly secreted 
by cells, so producing them requires 
cell culture as does the manufacture of 
other biologics. However, unlike that 
of recombinant biopharmaceuticals, 
EV production does not require 
genetic manipulation of producer cells 
because all cells secrete them 
naturally. So cell manufacturers are 
producing EVs that are accumulating 
in conditioned media and simply 
disposed of. Cell types whose EVs 
have shown potential therapeutic 
benefit include MSCs (18), dendritic 
cells (19), cardiospheres (20) and neural 
stem cells (see the “Companies” box).

Of the three companies we know 
to be currently developing EVs for 

Figure 2: From byproduct to product — extracellular vesicle manufacturing; EVs are constitutively secreted by cells, and current isolation methods are 
presented herein. In most cell manufacturing processes, spent media are simply discarded. If cell manufacturers divert that effluent, adopt EV 
manufacturing processes, and scale up EV production, they could facilitate standardization in the field. EVs produced could be sold initially as research 
products, then potentially as therapeutics in the long term.
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commercial use (see the “Companies” 
box), two are producing them from 
primary cells that are being explored 
therapeutically, whereas the third 
produces EVs solely for research 
purposes. The only company that has 
attempted to start de novo EV 
therapeutic development (which would 
require simultaneous implementation 
of both cell growth and EV harvest 
processes) was acquired in 2005. Its 
status is currently unknown, perhaps 
ref lecting greater logistical and 
operational challenges if cell 
manufacturing processes are not 
already in place. 

Despite the apparently simple step 
for current cell manufacturers to 
integrate EV harvest into their 
processes, many companies have not 
done so. We postulate the most 
significant reasons to be a lack of 
standardized, scalable, reliable 
methods for EV isolation; and a lack 
of established criteria for an EV 
product that complies with current 
good manufacturing practices 
(CGMPs) (21).

a neeD for proCess 
sTanDarDizaTion 
Cells constitutively secrete EVs into 

their media, making conditioned 
media the starting material for EV 
isolation. Presently, no standardized 
method exists for isolation and 
preparation of EVs from conditioned 
media, which is a challenge in moving 
the field forward. Harvesting EVs in 
serum-free media most likely will be 
required to ensure pure, safe, and 
regulatory-compliant products. The 
use of serum to supplement media can 
introduce EV contaminants because 
complete removal of serum EVs is 
challenging and would add steps to 
the manufacturing process. Assuming 
an appropriate medium is established, 
companies can choose from four 
principal methods of EV isolation 
(Figure 2): ultracentrifugation, 
precipitation, size-exclusion 
chromatography (SEC), and 
tangential-f low filtration (TFF). Each 
method has its own operational 
shortcomings and limits on scales of 
production (Table 3). 

The most commonly used method 
for EV isolation, ultracentrifugation 
separates EVs based on size and density, 
unlike other methods that rely on size 
alone (24). In this process, first 2,000–
10,000g centrifugation removes media 
and large particles such as dead cells 
and cell debris. Ultracentrifugation at 
100,000g then pellets EVs, largely 
separating them from remaining 
materials (25). However, this method is 
nonspecific to EVs; is prone to 
contamination with protein aggregates, 
genetic material, and particulates in the 

CoMpanies DeVeloping eV proDUCTs

Capricor Inc. specializes in cell therapy for cardiac applications. Based on 
cardiosphere-derived cells (CDCs), the company’s lead product is being tested in 
clinical trials. Recently, EVs were reported to be the principal mechanism of action by 
which CDCs exert their therapeutic effects (20). Capricor has since secured exclusive 
rights to use CDC-derived EVs for tissue regeneration.

ReNeuron Group PLC uses neural stem cells (NSCs) to treat neurological and 
ischemic conditions and is conducting several clinical trials for NSC therapy. EVs from 
their NSCs appear to promote wound repair, as presented at the Second International 
Meeting of the International Society of Extracellular Vesicles (Boston, MA, 2013). The 
company has listed EVs as a product in preclinical development.

Systems Biosciences, Inc. (SBI) is a leader in developing technologies to isolate EVs 
from biological fluids and cell culture supernatants. The company’s proprietary 
ExoQuick reagent contains a polymer that precipitates EVs from fluids and can be 
removed using spin columns. SBI supplies EV-depleted serum for cell culture in EV 
research and EVs isolated from a range of cells cultured in media supplemented with 
the company’s own EV-depleted serum.

Anosys Inc. started with the aim of manufacturing autologous dendritic-cell–derived 
EVs as cancer vaccines and needed to simultaneously establish bioprocesses for both 
cells and EVs (22). After showing promise in two phase 1 clinical trials (19, 23), the 
company was acquired at the end of 2005 by Chromos Molecular Systems Inc. 
Subsequent development of its EV pipeline remains unknown. 

Table 2: Comparison of potentially important considerations for cell and EV therapy

Consideration Cells Extracellular Vesicles
Responsiveness/adaptation 
to microenvironment

High (viability and function depend on local stimuli) Low (function is predetermined because molecular 
composition is unlikely to change)

Ability to differentiate into 
new tissue

May do so in vivo and in vitro (8) None

Mechanism of action Many possibilities, including proliferation, differentiation, 
migration, tissue integration, and paracrine signaling such 
as EV-mediated (9)

Far fewer possibilities, but may include EV surface 
molecule signaling and release of EV cargo 
intracellularly (e.g., miRNA, mRNA) (2)

Functional characterization Extensive: quality control needs to consider viability, 
malignancy, and potency of the cell product (10)

Challenging: no biochemical markers for EVs yet 
unambiguously determined, but less challenging 
than cells (3)

Storage and shipping Hypothermic or cryogenic storage (11) Regular freezing and possibly lyophilization (12)
Clinical administration Complex considering need to thaw cryopreserved cells; 

difficulties with shear stress during injection (13, 14)
Thawing less complex; minimal concern over shear 
stress (EVs are much smaller diameter than needles 
used for injection)

Monitoring product’s fate  
in vivo

Requires specialized probes such as membrane-bound, 
internalizable, or genetically expressed contrast agents 
(15, 16)

Similar to current standards for assessing 
pharmacokinetics, biodistribution, and clearance of 
biologics (17)

Efficacy Variable depending on application Not yet established for human application 
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media  (1, 26); and is complicated by the 
possibility of compacting EVs to form 
aggregates (27). Additionally, this 
process is time-consuming and highly 
labor- and energy-intensive. Large-scale 
ultracentrifugation is possible, having 
been used for production of other 
biologics, but it has not yet been 
evaluated for EVs. 

Volume-excluding polymers can 
be used to precipitate EVs and allow 
their isolation through low-speed 
centrifugation. Several reagents are 
commercially available: e.g., 
ExoQuick (Systems Biosciences) and 
Total Exosome Isolation Reagent 
(Life Technologies). Precipitation is 
relatively straightforward and rapid; 
however, it suffers from a need to 
remove polymers from the final 
product as well as a lack of 
specificity to EVs (21). Other 
macromolecules (e.g., RNA–protein 
complexes) can coprecipitate with 
them. 

Both SEC and TFF isolate EVs 
based on their size and can 
distinguish size more accurately than 
can ultracentrifugation. SEC has the 
unique advantage of enabling 
isolation in a single-step process. It 
was recently used to isolate EVs 
efficiently without coisolation of 
protein aggregates (28). SEC 
reagents are affordable, and the 
procedure is quick. However, its 
application to EVs is relatively new, 
and scalability is unexplored for this 
application. But SEC has been used 
successfully in the production of 
many biologics. 

Nanomembrane ultraf iltration 
(29) and TFF (a similar method that 
uses ultraf iltration membranes) (30) 
can be used to concentrate EVs, and 

the latter is highly scalable. 
However, no ultraf iltration methods 
have yet been shown to be 
independently capable of purifying 
EVs. Instead they are used in 
conjunction with additional 
isolation methods to generate pure 
samples.

Both SEC and TFF have clear 
benefits and downsides. The 
commonly used ultracentrifugation 
currently serves as a benchmark for 
other isolation methods, but it has 
clear limitations. Precipitation-
based methods are becoming 
increasingly popular due to their 
technical ease and speed; however, 
they suffer from lack of specif icity. 
It seems likely that for larger-scale 
processing, using TFF for volume 
reduction and EV concentration 
must be followed by another 
technique to purify EVs (31). Still, 
signif icant process development is 
required to achieve scalable 
production methods. 

That need for standardization 
and definition of best practices was 
emphasized in a position paper from 
the International Society for 
Extracellular Vesicles (ISEV), the 
world’s leading organization for EV 
researchers (27). To allow for 
comparability among results, 
standardization will be essential. 
Studies have shown that different 
isolation methods can yield EV 
preparations with morphological 
and quantitative differences, 
including different RNA profiles 
(24). Attempts at standardization 
are hampered not only by different 
isolation methods, but also by a lack 
of clarity in what actually 
constitutes an EV. 

The role ThaT  
inDUsTry Can play

Industrial cell manufacturers are 
optimally placed to address the 
challenges we have outlined above, 
and in doing so they could generate 
profit from the sale or use of EVs. 
The route to bring a new EV 
therapy to market most likely will 
be long and complex. However, 
selling EVs as research products (as 
Systems Biosciences Inc. does) 
could rapidly generate revenue for 
cell manufacturers to support 
longer-term therapeutic 
development. Undeniably, the EV 
research f ield is growing quickly, 
and with that growth comes a need 
for EVs that can be used for 
research purposes, much like how 
recombinant proteins and primary 
cells were commercialized in the 
early history of the biotechnology 
industry. Currently, laboratory EV 
research relies on the ineff icient 
and often costly and labor-intensive 
processes outlined above. If cell 
manufacturers can develop more 
eff icient, cost-effective methods of 
EV production, then EV researchers 
surely will adopt their products. 

Harvesting EVs requires minimal 
adjustment to a cell-culture process 
(Figure 2). The need for serum-free 
or EV-depleted media may be 
costly, but does not present an 
insurmountable barrier. In fact, it 
may become the standard for cell 
manufacturing if serum demand 
outstrips supply (32). Even so, many 
cell manufacturers continue to use 
serum-containing media. Serum-
free media would not necessarily be 
required for the entire cell 
manufacturing process, however. 

Table 3: Common bench-scale extracellular vesicle isolation methods

Method Applicable Technologies Pros Cons
Ultracentrifugation Ultracentrifuges capable of 

>100,000g
Only method that uses both size and density to 
separate; high purity if used with sucrose 
cushions or gradients

EV aggregation; labor- and energy-
intensive; time-consuming with 
multiple steps

Precipitation with 
volume-excluding 
polymers

ExoQuick (Systems Biosciences) 
and Total Exosome Isolation 
Reagent (Life Technologies) 

Simple procedure; faster than 
ultracentrifugation

Lack of specificity; wide and poorly 
defined molecule size range; need to 
remove polymers after isolation

Size-exclusion 
chromatography 
(SEC)

Sepharose 2B and CL-2B columns Single-step process; high-purity isolation; 
affordable reagents; tunable processing time

Explored only at laboratory scale; 
columns must be optimized for larger 
scales

Tangential-flow 
filtration (TFF)

Minimate TFF capsules with  
100-kDa MWCO membranes

Readily scalable; faster than ultracentrifugation; 
potentially high enrichment

May require additional step (e.g., with 
ultracentrifugation) to purify
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Instead, it could be used only in the 
f inal cell passage, where most cells 
and therefore EVs are produced, 
thus limiting potential concerns 
over the added expense of serum-
free media use or its effect on f inal 
cell products. Additionally, use of 
serum-free media could reduce 
quality-control costs due to reduced 
probability of contamination. 

The abundance of conditioned 
media from cell manufacturing 
provides a large volume of starting 
material with which to rapidly 
develop isolation processes and 
generate larger EV quantities than 
can be derived at  laboratory scale. 
With greater EV quantities and 
availability of analytical tools and 
other resources, the ability to test 
and analyze consistency in EV 
preparations probably will be 
greater than  what is possible on a 
laboratory bench. Such analyses — 
particularly if made available in 
databases including EVpedia and 
Vesiclepedia — may rapidly advance 
understanding of EV biology and 
help to address product and process 
standardization issues.

For therapeutic applications of 
EVs, addressing the issues outlined 
herein will be fundamentally 
important in testing comparability, 
lot-to-lot variability, and product 
drift, all of which are likely to be 
necessary for regulatory approval. 
Establishment of CGMP guidelines 
is one approach, and acceptable 
criteria for the following conditions 
may be useful:

• Size range for EVs
• Biochemical markers (for EVs 

broadly and for specif ic 
preparations)

• Purity of EV preparation and 
absence of undesired components

• Sterility of cell growth and EV 
isolation environments

• Optimal EV isolation methods 
(including for scalability, purity, 
and particular EV subsets)

• Development of EV 
stabilization methods

• Optimal storage conditions for 
EV stability

• Analytical methods and 
standards for all of the above

• Serum-free media use (likely to 
be compulsory) (32).

Those guidelines could inform 
manufacturers about quality control 
requirements and benefit the EV 
community more broadly. 
Establishing CGMP methods for 
EV manufacturing would provide 
acceptable criteria for EVs and EV 
processes in research, thereby 
driving standardization, bioprocess 
improvements, and ultimately 
increased regulatory confidence in 
EV products. Researchers could use 
commercially manufactured EVs as 
standards against which to compare 
their EV preparations, eventually 
leading to greater consensus in the 
f ield. In turn, those developments 
would drive and hopefully 
accelerate therapeutic development 
and eventually clinical adoption 
(33). 

WorTh The TroUBle

As the biopharmaceutical f ield 
arose, researchers, manufacturers, 
and regulators acknowledged that 
fundamental differences 
distinguished more complex 
biological products and traditional 
small-molecule drugs. Those 
differences pervaded research, 
manufacturing, therapeutic 
applications, and regulations to 
greatly slow progress in a f ield that 
is now exceptionally important. As 
has been required for cell therapies, 
a step change in approach and 
process innovation also will be 
required for EVs. 

Nobel Prize winner Joshua 
Lederberg noted that “as soon as 
you go into any biological process in 
any real detail, you discover it’s 
open-ended in terms of what needs 
to be found out about it” (34). 
Nowhere is that more applicable 
than to EV research, manufacture, 
and therapeutic application, where 
signif icant opportunity for 
discovery and understanding 
remains. Paradoxically, for cell 
manufacturers, it is exactly that 
need for progress in the EV field 
that might offset the risk of new 
process adoption. In a staged-
pathway approach, EVs could be 

sold at research grade in the short 
term to fuel longer-term efforts. If 
the cell manufacturing industry 
adopts EV production and 
spearheads efforts toward 
standardization by establishing 
scalable processes and informing 
scientif ically appropriate 
parameters, the entire f ield — from 
basic scientists to regulators and 
crucially to patients — could 
benefit. 
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